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EXECUTIVE SUMMARY 

The US Department of Defense (DOD) has established challenging goals to increase energy effi-
ciency and reduce greenhouse gas (GHG) emissions of its installations in all five services. The 
Environmental Security Technology Certification Program (ESTCP) was created with the mis-
sion of demonstrating and validating promising innovative environmental technologies and 
methodologies that address DOD’s high priority environmental requirements. This program 
funds many projects each year to reach this objective.  

The overall goal of this work was to demonstrate a technology (variable flow exhaust hoods) that 
can decrease energy usage at DOD facilities while maintaining or improving occupant comfort. 
This ESTCP research project demonstrated the optimization potential of exhaust flow hoods and 
related makeup air units (MAUs), primarily in dining facilities located in several Continental 
United States (CONUS) climate zones, by use of demand-controlled ventilation (DCV) technol-
ogies. The two performance objectives for this project were: (1) to demonstrate a minimum of 
30% savings in both energy use and associated GHG emissions, and (2) to maintain or improve 
occupant comfort. These objectives were accomplished primarily through the installation of 
DCV technology. Energy savings were validated by monitoring energy use before and after the 
installation of DCV technology. Qualitative benefits, such as noise reduction, were validated 
through surveys of personnel working with the retrofitted systems. 

This technology has widespread energy savings potential. The Army alone has approximately 
1,900 cafeterias, dining facilities, and various other eateries occupying over 12 million sq. ft., 
many of which have exhaust hoods. The majority of the exhaust hoods and related MAUs are 
constant volume systems, where some operate 24 hours a day regardless of activity in the facili-
ty. In DOD kitchens, exhaust flow rates range from a few thousand up to about 50,000 cubic feet 
per minute (CFM). This exhaust hood equipment operation is a large energy waste and may re-
sult in uncomfortable working conditions in the dining facilities. 

DCV technology operates automatically by monitoring cooking activity and by automatically 
modulating exhaust airflow using temperature and opacity sensors connected to a controller and 
variable frequency drives (VFDs) on exhaust hood and MAU fan motors. The sensor data is 
passed to a controller that is programmed to increase airflow to 100% of design when active 
cooking is detected and to reduce the airflow typically to between 50 to 70% of design at idle 
conditions. These sensors measure cooking activities based on exhaust air temperature, infrared 
temperature sensing of cooking surfaces and/or the presence of smoke/steam. 

Between 2012 and 2013, this demonstration installed DCV systems on the main kitchen hoods in 
three dining facilities (DFACs) and one food court at the following selected sites: 

• US Air Force Academy Preparatory School (USAFA), Colorado Springs, CO, High Country 
Inn Bldg. 5218, a DFAC for a 240-person school. 

• Fort Lee, VA, Samuel Sharpe Dining Facility Bldg. 18028, a large DFAC that can serve 
5,000 people. 

• Fort Carson, Colorado Springs, CO, James R. Wolf Dining Facility Bldg. 1444, a medium-
size DFAC capable of serving 600 people. 
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• Ellsworth Air Force Base (AFB), SD, Base Exchange Food Court with fast food restaurants 
(Burger King and Charley’s). 

The following summary table lists the energy savings achieved by the DCV systems installed on 
the kitchen hoods at the four sites. In each case, the kitchen hood ventilation equipment was 
turned off at night approximately 75% of the time when the dining facilities were closed before 
the DCV systems were installed. If the kitchen hood ventilation equipment had run continuously 
throughout the day and night, the energy savings would have been much greater.  

Summary of Energy Savings Provided by DCV Systems on Kitchen Hoods. 

Test Site 

Energy Use Before DCV Energy Saved By DCV Percent  Saved 

kWh/yr  Therms/yr  MMBtu/yr kWh/yr  Therms/yr  MMBtu/yr kWh Therms Btu 

Fort Lee 215,560 23,716 3,108 99,294 6,436 983 46% 27% 32% 

Ellsworth 8,889 3,548 385 5,169 1,166 134 58% 33% 35% 

Fort Carson 29,313 22,546 2,355 16,582 7,043 761 57% 31% 32% 

USAFA 60,655 18,975 2,105 31,885 6,722 781 53% 35% 37% 

Totals  314,417 68,785 7,952 152,930 21,367 2,659 49% 31% 33% 

The economics results listed in the table below indicate that the cost effectiveness of the energy 
saving results varied from very good economics (savings to investment ratio [SIR] of 2.14 at Fort 
Lee) to poor economics (SIR of 0.3 at Ellsworth AFB). The simple payback ranged from 4.6 
years (best) to 37.2 (worst). Both of the goals for reduced GHG emission and energy reduction 
were reached to varying degrees. Other goals, e.g., to maintain maintenance requirements with 
no increase and to satisfy users, were fully met at all locations. 

Economic Results of Installed DCV Systems. 

Test Site 

Utility Cost 
Savings 

Maintenanc
e 

Cost 
Total 

Savings 
System 

Cost 

Simple 
Payback, 

yrs SIR Electr ic Nat. Gas 
Fort Lee $7,427 $3,579 $800 $10,003 $48,410 4.74 1.86 

Ellsworth AFB $339 $875 $400 $813 $30,255 37.21 0.28 

Fort Carson $995 $3,521 $600 $3,916 $51,790 13.22 0.79 

Air Force Academy $1,913 $3362 $400 $4875 $41,161 8.44 1.18 

The following climate region economics table was developed using a “typical” Dining Facility 
kitchen DCV installation scenario at Fort Carson as the baseline to review the applicability of 
this technology at potential Army CONUS sites. The Fort Carson facility's kitchen hood ventila-
tion system had a much lower ventilation rate than a typical design scenario, therefore design 
ventilation rates which would be more appropriate for a typical facility were used in the climate 
region economics table. Based on an analysis of typical control system energy savings, the num-
ber of facilities that could be economically retrofitted in the Army was estimated to be 378 of the 
1,900 eating facilities. The typical scenario and recommended parameters were then applied to 
15 US cities for developing the economic analysis, which resulted in SIRs greater than one for 
all typical kitchen applications. The climate zone that had the warmest temperature, Miami, had 
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the lowest SIR. The location in the coldest climate, Fairbanks, AL, had the highest SIR. These 
simple site characteristics can be used to identify locations likely to benefit from a retrofit to 
DCV technology in an exhaust hood and MAU. 

DCV Control System Economics When Applied to United States Climate Regions. 
Climate 
Zone City 

Annual Energy 
Costs Savings 

Annual 
Maint. Costs 

DVC System 
Cost 

Simple Payback 
Period, yrs SIR AIRR 

1A Miami, FL $ 5,951 $600 $ 43,496 8.13 1.08 3.75% 

2A Houston, TX $ 7,918 $600 $ 43,496 5.94 1.56 7.69% 

2B Phoenix, AZ $ 9,101 $600 $ 43,496 5.12 1.78 9.10% 

3A Memphis, TN $ 9,632 $600 $ 43,496 4.82 1.99 10.32% 

3B El Paso, TX $ 8,785 $600 $43,496 5.31 1.77 9.06% 

3C San Francisco, CA $ 9,432 $600 $ 43,496 4.92 2.00 10.38% 

4A Baltimore, MD $ 11,601 $600 $ 43,496 3.95 2.48 12.80% 

4B Albuquerque, NM $ 10,201 $600 $ 43,496 4.53 2.13 11.12% 

4C Seattle, WA $ 10,967 $600 $ 43,496 4.20 2.37 12.31% 

5A Chicago, IL $ 12,242 $600 $ 43,496 3.74 2.69 13.71% 

5B Colorado Springs, CO $ 10,970 $600 $ 43,496 4.19 2.365 12.25% 

6A Burlington, VT $ 13,918 $600 $ 43,496 3.27 3.10 15.34% 

6B Helene, MT $ 12,926 $600 $ 43,496 3.53 2.86 14.40% 

7A Duluth, MN $ 16,192 $600 $ 43,496 2.79 3.66 17.27% 

8A Fairbanks, AK $ 21,501 $600 $ 43,496 2.08 4.96 20.91% 

An economic analysis was done to determine the size of the kitchen hoods that would most bene-
fit from DCV installation. The analysis concluded that that it would be most economical to in-
stall DCV control systems on DFAC main exhaust airflow hoods that have a total motor size 
greater than 5 horsepower (hp) and/or exhaust volumes greater than 5,000 CFM. It appears that 
DCV technology is not optimally cost effective when applied to infrequently used or smaller 
hoods, such as those found in food service facilities located in food courts. 

Due to the size of investment for this technology, it was determined that a majority of the follow-
ing parameters must be met to justify the installation cost: 

• relatively large exhaust hood (minimum of 5,000 CFM) 
• climate requiring significant heating and or cooling of makeup air 
• relatively long operating hours 
• medium to high utility costs. 
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1.0  

Exhaust hoods and makeup air units (MAUs) are often poorly designed and controlled. It is 
common for these components to operate at constant flow rates for long periods, sometimes up to 
24 hours per day. This practice results in a waste of large amounts of fan energy and conditioned 
air, where up to 90% fan energy and 70% conditioned air can be saved at idle speeds. The overall 
average energy savings is 66% fan speed with an average savings of around 35% for conditioned 
air. The wasted conditioned air many times will result in uncomfortable working conditions in 
dining facilities. This report includes information on the energy savings that may be gained by 
the use of variable flow systems in exhaust hoods and MAUs. 

INTRODUCTION 

1.1  Background 

The Army alone has approximately 1,900 cafeterias, dining facilities, and various other restau-
rants that occupy an area of over 12 million sq. ft. (per the Army Headquarters Installation In-
formation System (HQIIS) database). Many of these locations have exhaust hoods. The majority 
of the exhaust hoods and related MAUs are constant volume systems, some of which operate 24 
hours a day regardless of activity in the facility. Exhaust rates in DOD kitchens range from a few 
thousand up to about 50,000 CFM. 

The heating, ventilating, and air-conditioning (HVAC) industry has adopted Demand Controlled 
Ventilation (DCV) to reduce overall ventilation rates and energy use in high occupancy spaces. 
DCV technology has been used in kitchens to modulate exhaust hood and makeup air ventilation 
rates since the 1990s. Kitchen DCV has been implemented in a few DFACs in the past 10 years, 
during which time “the high performance building” became a design objective. However, DCV 
technology is not yet a standard option in military design guides. 

The original facilities selected for the demonstration included several locations that had two ex-
haust hoods in a Base Exchange and six exhaust hoods in DFACs of different sizes. A variety of 
circumstances, including the closure of one facility, resulted in changes to the initially planned 
demonstration sites. DCV technology was ultimately demonstrated in DFACs at Fort Lee, VA, 
Fort Carson, CO, and the US Air Force Academy, CO (USAFA), and the Base Exchange at 
Ellsworth AFB, SD. The results at these demonstration sites were used to estimate DoD-wide 
energy cost savings potential. 

1.2  Objective of the Demonstration 

The main objectives of this project were to validate energy savings and to demonstrate the opti-
mization of exhaust flow hoods and related make up air units, primarily in dining facilities. This 
was accomplished primarily through installation of temperature and opacity sensors connected to 
a controller and VFDs on exhaust hood and MAU fan motors. The controller modulates the fan 
speeds of exhaust hood fans and the MAU fans based on input from the temperature and opacity 
sensors. End panels were installed on the exhaust hoods, where appropriate, to improve capture 
and containment performance. 
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Energy savings were validated through monitoring energy use before and after the installation of 
DCV technology. Qualitative benefits, such as noise reduction, were validated through surveys 
of personnel working with the retrofitted systems. Insights from the demonstration were used to 
provide guidance for the alteration of various criteria and guidelines such as Unified Facilities 
Criteria (UFC) 4-722-1 Dining Facilities and Prospect Course 391 HVAC Design” 

1.3  Regulatory Dr ivers 

The need to reduce building energy use has been documented in many government regulations, 
the more recent of which are: 

• Energy Policy Act of 2005 (EPAct 2005), 8 August 2005 
• 2005 Army Energy Strategy for Installations 
• Executive Order (EO) 13423, 24 January 2007 
• 2006/2007 Defense Science Board Key Facility Energy Strategy Recommendations 
• Energy Independence & Security Act, effective 19 December 2007 
• EO 13514, Federal Leadership in Environmental, Energy, and Economic Performance, Octo-

ber 2009. 

Many of these policies, directives, and executive orders overlap in their requirements. Collec-
tively, the pertinent requirements are: 

• Reduce energy consumption by 20% by FY2015 (relative to 2003). 
• Improve energy efficiency in buildings by 30% using ASHRAE Standard 90.1 as a baseline. 
• Reduce dependence on fossil fuels and make renewable energy at least 7.5% of total energy 

purchase by 2013 (DOD Internal Guidance calls for 25% by 2025). 
• Improve energy security. 
• Construct or renovate buildings in accordance with sustainability strategies, including re-

source conservation, use, site criteria, and indoor environmental quality. 
• Set GHG emission reduction goals for FY2020 based on a FY2008 baseline. 
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2.0  

2.1  Technology Overview 

TECHNOLOGY DESCRIPTION 

The technology retrofit includes installing: 

1. Melink® Intelli-Hood®

2. Stainless steel end panels (to direct and control exhaust flow). 

 system (sensors and control for VFD motors) 

The Melink® Intelli-Hood®

Figure 2-
1

 system adds optical and temperature sensors inside the exhaust hood 
to detect when active cooking occurs and when additional appliances are turned on (see 
). The sensor data is passed to a controller that is programmed to increase airflow to 100% of 

design when active cooking is detected and to reduce the airflow typically to between 50 to 70% 
of design at idle conditions. To change the exhaust airflow rate, the exhaust fan and the MAU 
fans must have VFDs with VFD-rated motors. A signal indicating airflow rate through the kitch-
en hood is shared with MAUs so that their airflow can also be varied according to actual makeup 
airflow requirements. This hood control approach is commonly called demand control ventilation 
(DCV), which use provides a marked improvement over the typical constant volume single speed 
full design flow approach. 

 

Figure 2-1.  Melink IntelliHood Controls. 
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Stainless steel end panels are added to the exhaust hoods, where appropriate, to allow for a mod-
est reduction in the design exhaust flow rate for large hoods. The end panels force more air to be 
drawn into the hood along the front face, essentially enclosing the cooking appliances more than 
a standard hood without end panels. If added during design of new facilities, initial design ex-
haust rates may be reduced. If added as a retrofit, the end panels will improve capture and con-
tainment. End panels have solved hood spillage problems in existing restaurants. Reducing air-
flow rates in existing kitchens depends on the building air balance and the physical setup of the 
exhaust fans (see Figure 2-2). The importance of end panels for improving hood performance 
was observed in food service research laboratories while investigating methods to reduce exhaust 
rates. 

In a dining facility, the amount of energy used for kitchen ventilation can be significant. Most of 
this ventilation exhausts air during operation of large kitchen hoods located above high-energy 
cooking equipment such as ovens, broilers, griddles, and fryers. These hoods are operated to cap-
ture smoke, odors, humidity, and heat that are generated by these cooking appliances. The energy 
used by this ventilation system is the fan electricity powering the exhaust and associated supply 
air fans and the heating and cooling energy tempering the make-up air for the exhaust system. 

Typically, kitchen hoods operate whenever the kitchen is occupied. The staff normally would 
turn on the hood exhaust fans when they arrive in the morning and turn the hood fans off when 
they leave. The HVAC system controls typically have a supply air system that also is turned on, 
or that supplies increased airflow when the exhaust hoods are operating. Because the cooking 
activity varies throughout the day, the need for kitchen exhaust also varies. Exhaust airflow can 
be reduced when cooking under the hoods is reduced or stopped. Lowering the exhaust airflow 
can be accomplished by a variable speed fan motor, which results in significant electricity energy 
savings. This applies to the exhaust air system and the related supply air equipment. 

  

Figure 2-2.  Pre- and Post-Installation of End Panel. 
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2.2  Technology Development 

In 1989, Steve Melink invented the first variable-speed control system to help foodservice opera-
tors save fan energy and reduce conditioned air requirements. Melink obtained a US Patent and 
secured a US Department of Energy (DOE) grant to help fund the product’s development. The 
system, originally called “REM-1,” was renamed the “Intelli-Hood” in 1997 for marketing pur-
poses. Since then, Melink Corporation has installed nearly 10,000 systems around the world in 
most every type of food service venue, including restaurants, supermarkets, hotels, schools and 
universities, hospitals and nursing homes, corporate dining facilities, government buildings, and 
military bases. 

Fundamentally, the technology uses sensors that detect the actual cooking load. More specifically, 
there is a temperature sensor for monitoring the heat load and an optical sensor for monitoring the 
smoke load. The optical sensor includes an air purge unit that ensures that the sensor stays clean 
with a positive pressure of clean, uncontaminated air from above the hood. Other components in-
clude the processor, user-interface, and variable-frequency drives, which vary the speed of the ex-
haust and make-up air fan motors. However, a number of improvements over the years have al-
lowed for easier installation, improved communication, diagnostic capabilities, and system scala-
bility. For this project, the second generation Intelli-Hood was utilized, which is described 
throughout the report. Currently, the third generation of Intelli-Hood is readily available, which 
was released in the third quarter of 2013. Refer to Appendix Jfor further information on the new 
system. Key system upgrades that compose the product’s evolution from invention to industry 
standard include: 

• REM-1 (1989-1997) to 1st

o Control system redubbed “Intelli-Hood” 
 Generation Intelli-Hood (1997-2005) 

o Unit designed for both hood original equipment manufacturers (OEMs) and retrofits with 
keypad and easy to mount components 

o Addition of plug-n-play cables for easy field wiring 
o Addition of Low-voltage air purge units and automatic recalibration feature 
o Incorporation of Simplissimo programming menu for easy set-up 

• 1st Generation Intelli-Hood (1999-2005) to 2nd

o Addition of single home run cable from hood to processor to allow for easier and cleaner 
installation. Prior version required a cable per sensor. 

 Generation Intelli-Hood (2004-Current) 

o Use of remote monitoring via analog phone lines to allow for remote diagnostics, alarm-
ing, and verification of energy savings. 

o Incorporated communications with VFD via Modbus to allow for increased diagnostics 
when integrated with remote monitoring. Prior version communicated via an analog sig-
nal. 

o Improved algorithms for saving energy and ensuring optimal kitchen comfort. 
o Added broader keypad display to allow for more intuitive fault codes and easier pro-

gramming. 
• 2nd Generation Intelli-Hood (2004-Current) to 3rd Generation Intelli-Hood (Availa-

ble August 2013) 
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o Uses BACnet communications protocol to allow for communication with building auto-
mation systems (BASs). 

o Incorporated increased scalability to allow for control of up to 39 hoods per system con-
troller versus four previously. 

o Uses enhanced full-color graphic display on primary user interface for more intuitive cus-
tomer experience. Also added capability to use multiple user interfaces per system. 

o Added ethernet communication access for additional remote capabilities including remote 
firmware upgrades. 

Several other manufacturers also market systems that vary the kitchen hood airflow, including: 

• Halton Company, a manufacturer of kitchen hoods has a system that monitors space tempera-
ture, stack temperature, and cooking appliance surface temperature. This system differs from 
the Melink system in that infrared hood mounted sensors measure cooking surface tempera-
tures. The rate of surface temperature change is used to judge cooking status. The MARVEL 
system comes with a pressure transducer that is placed in the exhaust duct to measure flow 
rate. Fans using VFDs and dampers in ducts can be adjusted to achieve the proper flow rates. 
This system can be upgraded to a MARVEL II, which is applied to systems in which the ex-
haust fan has several exhaust duct connections to the kitchen hood/hoods. Dampers in the 
exhaust ducts reduce airflow in hood sections or in one hood, but not in another hood being 
exhausted by the same fan. The MARVEL Plus+ system adds Halton variable air volume 
(VAV) airflow boxes, low flow diffusers, and controls to achieve a total supply and exhaust 
system that can self-balance the amount of air to maintain a proper flow into and out of the 
kitchen. 

• CaptiveAire, whose product has a demand control ventilation option based on exhaust air 
temperature. 

• Greenheck Fan Corporation, whose product varies the airflow based only on the exhaust air 
temperature. 

• Temperature Electronics Ltd, product produce has temperature and smoke sensors to identify 
cooking activity to vary airflow. 

These systems may not achieve the energy savings reported in this project. Systems that monitor 
only temperature may at times underperform during some cooking activities, i.e., they may not 
adequately exhaust smoke when exhaust air temperatures are still low. 

2.3  Advantages and Limitations of the Technology 

DCV technology significantly reduces energy use of exhaust hoods and associated MAUs (up to 
70% conditioned air at idle speeds with and overall average of 35% during modulation) resulting 
in very quick payback periods (simple payback of as little as 6 months). Although the system is 
more expensive than alternative constant volume systems, the return on investment of this added 
cost is often justified, particularly with larger systems (those with a total motor size greater than 
10 hp and/or exhaust volumes greater than 10,000 CFM). 

DCV systems are not cost effective for small or infrequently used hoods. There have also been 
reported cases of variable flow systems that were not accepted or used properly by users, which 
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reduced cost savings. The two most common causes for such poor results are: (1) overuse of con-
trols because of thermal discomfort near the cook line, and (2) failure to maintain and clean the 
DCV controls. Proper training and installation on the temperature-opacity coupled controls is 
expected to prevent these scenarios. 

Cost savings may also be reduced if temperature-only sensors are used instead of temperature 
and opacity sensors. Systems with opacity sensors can react quickly (ramping up from 30% 
speed to 100% speed in under 30 seconds) to increases in cooking activity. Temperature-only 
systems must be set at higher thresholds to capture plume generation from cooking events (flare-
ups from meat cooking, oven doors opening, etc.) that can be quickly detected by opacity sen-
sors. 
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3.0  

The overall goal of this project was to demonstrate a technology that can decrease energy usage 
at DOD facilities while maintaining or improving occupant comfort. The two main performance 
objectives for this demonstration were: 

PERFORMANCE OBJECTIVES 

• Savings: to achieve at least 30% savings of energy use and resulting associated greenhouse 
gas reduction with and without the retrofit to the exhaust and makeup air unit. 

• Building Environment: to maintain or improve building occupants’ comfort, as determined 
by survey or communications with the kitchen facility personnel. 

Table 3.1 lists the demonstration performance objectives and a sample of results. 

Table 3.1.  Performance Objectives and Results. 
Performance 
Objective Metr ic Data Requirements Success Cr iter ia Results 
Quantitative Performance Objectives  
Exhaust Hood and 
MAU Energy Use 

Heating, Cooling, 
and Fan Energy Use 
kWh, British 
Thermal Unit 
(BTU) 

Hours of equipment run 
time, electric meter 
readings, heating and 
cooling  

30% reduction in total 
energy use 

Achieved 37% energy 
use reduction based 
on totals from the four 
sites 

GHG Emissions Fossil fuel GHG 
emissions (metric 
Tons) 

Energy reduction, 
energy source, and US 
Environmental 
Protection Agency 
(USEPA) estimates of 
resulting emissions 

30% reduction Achieved 37% 
reduction based on 
results from the four 
sites 

Return on 
Investment  

SIR  Energy Savings, Energy 
Cost and Investment 
Cost 

 SIR > 2  Only demonstrated 
DCV system at Fort 
Lee provided SIR>2 
but across DOD a 
typical 5,000CFM 
hood estimated to 
range from 1 to 5 

Qualitative Performance Objectives 
User Satisfaction Degree of 

Satisfaction 
Interview of dining 
facility (DFAC) 
personnel 

No change in 
satisfaction over 
baseline, new controls 
routinely used 

Feedback from Fort 
Lee installation 
showed no concerns 
with the of DCV 
system. Other sites 
provided no feedback 
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3.1  Exhaust Hood and MAU Energy Use 

Purpose: Demonstrate that energy savings are significant and can have a meaningful impact on 
energy reduction goals. 

Metric: The energy reduction per year. 

Data: Electric power use by exhaust fans and MAU fans. Heating and cooling energy load reduc-
tion based on setpoint temperatures from makeup air sources and system run time, before and 
after retrofit measured over a period of several weeks. 

Analytical Methodology: Fan energy reduction will be based on pre- and post-retrofit average 
power levels and scheduled run-time (accounting for operations over weekdays, weekend days, 
holidays, or other non-operating days). Heating and cooling energy reduction will be calculated 
using the Outdoor Air Load Calculator (http://fishnick.com/ventilation/oalc/) with inputs based 
on reduction of makeup air, scheduled hours of operation, and design setpoints for heating and 
cooling makeup air. 

Success Criteria: 30% reduction in energy use. 

3.2  Return on Investment 

Purpose: Energy and maintenance cost compared to the costs of renovation determine the eco-
nomic decision to fund these projects as they compete with other energy savings measures. 

Metric: Energy use and maintenance costs of the original and renovated systems. 

Data: Electric power use as measured by electrical meters and recorded by the BAS. 

Analytical Methodology: Yearly comparisons using a life cycle cost (LCC) calculator based on 
National Institute of Standards and Technology (formerly National Bureau of Standards) (NIST) 
publications. 

Success Criteria: A return on investment of less than 10 years as determined by a LCC analysis. 

3.3  Occupant Comfor t 

Purpose: Occupant comfort affects productivity. Uncomfortable workers who move away from 
uncomfortably hot or cold areas perform their jobs at decreased productivity levels. 

Metric: Before and after comparisons of how occupants feel about their environmental comfort, 
including temperature and noise. 

Data: Surveys of occupants. 

Analytical Methodology: Comfort level and statistical confidence level. 

Success Criteria: Occupants at least as comfortable after implementation. 

http://fishnick.com/ventilation/oalc/�
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4.0  

Fort Lee, VA and Ellsworth AFB, SD were originally selected and agreed to be part of the 
demonstration. Bldgs. 3002 and 18028 were selected at Fort Lee. Pre-retrofit monitoring was un-
derway at Fort Lee when the project team was notified that Bldg. 3002 had been taken out of 
service temporarily. Eventually its status changed to permanent closure as a dining facility. 

FACILITY/SITE DESCRIPTION 

Bldgs. 2106, 4020, 4500, 5903, and 7501 were identified as candidates at Ellsworth AFB. During 
a site visit in Q1 2012, the project team visited the kitchen facilities in these buildings and the 
Food Court at the Base Exchange. Bldg. 5903, the “Dakota’s Club.” Two quick service brands at 
the Food Court were identified as possible candidates. The other kitchens either had hoods that 
were too small, had makeup air sources that were tied to other operations in the buildings, or had 
exhaust hoods and MAUs that operated for only a few hours per day. 

In Q4 2012, additional sites were identified at Fort Carson and USAFA, both in Colorado. Bldg. 
1444 at Fort Carson and Bldg. 5218 at USAFA, both DFACs, were qualified in January 2013 
and retrofitted in April and May 2013. 

4.1  FORT LEE, VA 

Fort Lee is located about 30 miles south of Richmond, VA and is a major training installation for 
the US Army providing classroom instruction to 70,000 Soldiers each year. Approximately 
34,000 military and civilian personnel are on the site each day. 

Several dining facilities at Fort Lee feed the troops and those individuals that live off the installa-
tion, but work there. The largest of these is the dining facility in Bldg. 18028, the “Samuel 
Sharpe Dining Facility.” This building was constructed in 2008/2009 and occupied in the spring 
of 2009. Initially, for the purpose of this project two hoods located in Bldgs. 18028 and 3002 
were chosen. The pre-installation monitoring of the ventilation equipment performance started in 
Bldgs. 18028 and 3002 in April 2012. Shortly after, it was decided by installation personnel to 
shut down the operation in Bldg. 3002. As a result, hood controls were installed on two hoods in 
Bldg. 18028 only and this was the only dining facility to receive this hood modification at Fort 
Lee. The results of this hood modification are discussed in this report. 

4.1.1 Bldg. 18028 

Bldg. 18028 (Figure 4-1) is one of the larger dining facilities in the US Army. It has the capabil-
ity of feeding 5,000 people during a normal meal time. The building is 65,500 sq. ft. in size. It is 
a two-story structure having a 16,100 sq. ft. kitchen on the first floor. Each floor of the two-story 
serving and dining space has an area of 24,700 sq. ft. with seating for 1,088 people per floor. Ta-
ble 4.1 lists the meal serving schedule. Documentation of the meal served during the survey pe-
riod showed that the average number of meals served ranged from 2800 to 3100 for breakfast, 
lunch, and dinner meals although some days the kitchen served as many as 3600 dinner meals. 
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Figure 4-1.  Bldg. 18028, a Large Two-Story Dining Facility. 

Table 4.1.  Bldg. 18028 Meal Per iods. 
Meal Monday through Friday Saturday & Sunday 
Breakfast 7:00 – 8:45 9:30 – 12:00 
Lunch 11:30 – 13:00  
Supper 17:00 – 18:30 16:30 – 18:00 

Two double-sided hoods in the kitchen are the subject of this program (Figures 4-2 to 4-4). The-
se hoods control cooking emissions from ranges, skillets, ovens and kettles. Booth hoods are 
similar with each pair being 30 ft. long by 4 ft. wide. Table 4.2 lists all the cooking appliances 
under kitchen hoods in Bldg. 18028. 

Table 4.2.  Bldg. 18028 Cooking Appliances under Kitchen Hoods. 

  Appliance Type 
Manu-
facturer  Number  

Energy 
Type 

Energy Input, 
(MBH) 

Energy 
Input (kW) 

Hood 1 Tilting Skillet Blodgett 4 Gas 144 
 

  Gas Range Garland 1 Gas 132 
 

  Oven Convection Garland 1 Gas 120 
 

  Food Warmer Kettle Blodgett 2 Electric 
 

14.4 
  Kettle Steam Jacketed Blodgett 4 Gas 145 

 
Hood 2 Oven Convection Garland 3 Gas 120 

 
  Gas Range Garland 1 Gas 198 

 
  Convection Pro Cleveland 3 Gas Not known 

 
  Self-Cooking Center Rational 1 Gas Not known 

 
  Warming Oven Halo Heat 1 Electric 

 
1.8 

  Combi Oven Blodgett 1 Gas 215 
 

  Warming Oven Crescor 1 Electric Not known 
 

  Oven Convection Garland 2 Gas 120 
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4.1.2 Bldg. 18028 HVAC System 

 

Figure 4-2.  Bldg. 18028 Main Kitchen – One Side of Hood 1. 

 

Figure 4-3.  Bldg. 18028 Main Kitchen – Other  Side of Hood 1. 
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Figure 4-4.  Bldg. 18028 Main Kitchen – Hood 2. 

The main kitchen in Bldg. 18028 has two large double island-mounted canopy exhaust hoods. 
They are served by exhaust fans EF-1 and EF-2. MAU-1 is interlocked with EF-1 and MAU-2 is 
interlocked with EF-2. These two exhaust fans and MAUs were selected for the demonstration 
project. Also, two exhaust fans serve the pot washer area of the main kitchen. Air Handling Unit 
5 (AHU-5) provides makeup air for these exhaust fans. Individual exhaust fans in the serveries 
account for the remainder of the exhaust flow rate (Table 4.3). The balance of the makeup air is 
from the AHUs, which provide occupancy ventilation air in the dining, kitchen, and storage are-
as. One item to note is that temperature sensors were retrofitted into many of the exhaust hoods 
before the retrofit project. These were used as control sensors by the BAS to turn on the exhaust 
fans as needed when hood interior temperatures exceeded an estimated 90 °F setpoint during 
non-operating hours. Due to the interlock between the exhaust fans and MAUs, the MAU would 
also turn on when the exhaust fan came on. Generally, once the signal was triggered, the exhaust 
fan and MAU would stay on for nearly an hour before shutting down. 

Table 4.3.  Bldg. 18028 Kitchen Ventilation Rates. 

System 
Total Exhaust 

CFM 
Total OA 

CFM 
# Exhaust 

Fans 
# Makeup 

Fans 
Total Building Ventilation 66,460 72,830   
Total Kitchen & Servery Ventilation 63,290 47,450 21 14 
DCV Retrofit Systems 30,240 24,200 2 2 
DCV Retrofit Systems % of Total CFM 48% 51%   

The exhaust and supply air fan motors of the equipment that would receive the DCV controls are 
running at constant speed (design airflow), but already have VFDs and VFD-rated motors. Table 
4.5 lists the characteristics of these exhaust and MAUs. The BAS is a Johnson Controls 
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Metasys®

Table 4.4.  Bldg. 18028 Kitchen Ventilation System Components To Be Retrofitted. 

 system, which shows scheduled kitchen operation from 0300 to 2100 hours 7 days per 
week. The discharge air temperature for each MAU is set at 80 °F for cooling when outside air 
temperature (OAT) exceeds 70 °F and 60 °F for heating when the OAT is below 60 °F. Heating 
and cooling are not provided when the OAT is between 60 and 70 °F. 

System Make/Model Rated CFM Rated hp 
EF-1 Gaylord Hoods/Greenheck SWB-230-140-CWC4-UB-6 15,120 15.0 
EF-2 Gaylord Hoods/Greenheck SWB-230-140-CWC4-UB-6 15,120 15.0 
MAU-1 Greenheck MSX-122-H35-DB 12,100 7.5 
MAU-2 Greenheck MSX-122-H35-DB 12,100 7.5 

4.2  Ellswor th AFB 

Ellsworth AFB is located approximately 10 miles east of Rapid City, SD. It is home to 8,000 
military and civilians including their families. The installation was constructed in 1941 and is 
currently home to the 28th

4.2.1 BX Food Cour t Dining Facilities 

 Bomb Wing. Two dining facilities at this site were candidates for the 
kitchen hood controls. The first was the Burger King and Charley’s restaurants at the shopping 
area food court. The second was the Dakota’s Club dining establishment, which originally served 
as the Officers Club. Since the Dakota’s Club served a limited number of hours during the week 
and the kitchen hood was of an old inefficient design, it was not chosen for a hood control retro-
fit. At the time of evaluation, the air pressure in Dakota’s kitchen was severely negative relative 
to the dining area and the outside ambient conditions. This condition would have to be corrected 
before a DCV demo would be considered. Kitchen hood controls were installed on two hoods in 
the food court restaurants. 

The BX Food Court (Figure 4-5) has three quick service restaurants (QSRs): Burger King, Char-
ley’s, and Anthony’s Pizza. Most of the drawings available for the BX building are dat-
ed January 1990 and reflect design conditions for Anthony’s Pizza and Robin Hood brand QSRs. 
These restaurants were located in the same spaces as the current Burger King and Charley’s. An-
thony’s Pizza is adjacent to Charley’s, but is not part of the retrofit project because the exhaust 
hood is small and generally the load from the conveyor pizza ovens is very uniform regardless of 
cooking activity. Therefore, it is not a good candidate for a variable speed control system. 
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Figure 4-5.  Base Exchange Building with Food Cour t Restaurants. 

The air balance and design information on the 1990 drawings do not show current operating 
conditions for Burger King or Charley’s. A newer drawing, without a Title Block, shows the ap-
pliances in the Burger King, but does not show the appliances in the space for Charley’s. 

The Burger King and Charley’s restaurants are adjacent to each other and a doorway connects 
the cooking areas of both kitchens. The Burger King restaurant has the same menu as other 
Burger King’s. This restaurant has one hood. Charley’s also has one hood, which is interlocked 
with an MAU. 

The Burger King kitchen is much larger than the cooking area for the grilled sub shop, which is 
located behind the serving counter. The hood in the Burger King area (Figure 4-6) is a custom 
designed Gaylord wall-mounted close-proximity hood having the dimensions of approximately 
12 ft. long and 4 ft. wide. Melink’s technician measured an exhaust rate of 2,788 CFM on 
6 December 2012 while the exhaust fan was at full speed. The cooking appliances under the 
hood include a gas three-vat fryer, an 18-in gas fryer, and a gas chain broiler. A French fry freez-
er was located under the hood, and a meat freezer was located in front of the chain broiler, but 
outside of the hood. 
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Figure 4-6.  Burger  King’s Kitchen Hood. 

The replacement air for the Burger King hood comes from AHU-4, the AHU that provides the 
general ventilation for Burger King and Charley’s. Replacement air may also be drawn from the 
general seating area in the Food Court, which is served by AHU-5. 

Table 4.5 lists Burger King’s typical hours of operation for cooking appliances and exhaust 
hoods. This restaurant is open 13 hours per day (Monday through Saturday) and 10 hours on 
Sunday. During the week, the restaurant typically serves from 300 to 400 meals, on Saturdays 
about half that number (150 to 200 meals), and on Sundays, generally fewer than 100. 

Table 4.5.  Burger King Exhaust Hood Hours of Operation. 
Day Type Star t (hours) Stop (hours) 
Weekday (Mon – Fri) 0600 1900 
Saturday 0700 2000 
Sunday 0900 1900 
Holiday Reduced hours or closed. 

The exhaust hood at Charley’s (Figure 4-7) is a Captive Aire single island-mounted hood with a 
ceiling-mounted perforated plenum makeup air diffuser that runs the length of the hood. The 
hoods dimensions are approximately 8 ft. long and 4 ft. wide. Melink measured an exhaust rate 
of 3,034 CFM on 6 December 2012 while the exhaust fan was at full speed. The MAU supply air 
rate was 2,222 CFM. 
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Figure 4-7.  Char ley’s Kitchen Hood. 

The cooking appliances under the hood include a gas single-vat fryer with dump station, a refrig-
erated deli prep table, a 3-ft griddle, and an electric conveyor toaster. Side panels were consid-
ered for this hood, but they would interfere with visual contact with customers and interfere with 
employee movement relative to use of adjacent preparation appliances. 

The replacement air for the Charley’s hood comes from the MAU and two 4-way diffusers 
served by AHU-4. Replacement air may also be drawn from the general seating area in the Food 
Court. The four-way diffusers are close enough to the hood to create a low pressure area at the 
hood edge. This configuration may result in entrainment and spillage of cooking effluent. A rec-
ommended retrofit would be to replace the four-way vaned diffusers with perforated plate diffus-
ers. This reduces the overall exhaust velocity (provided the open area of the plate is large 
enough) and directs it downward instead of horizontally. 

Table 4.6 lists Charley’s typical hours of operation for cooking appliances and exhaust hoods. 
Charley’s operates 11 hrs/week, slightly less than the adjacent Burger King (13 hrs/week). Char-
ley’s also serves fewer meals than Burger King, about 100 meals Monday through Friday, 40–
60+ meals on Saturday’s, and 20–30+ meals on Sundays. 

Table 4.6.  Char ley’s Exhaust Hood and MAU Hours of Operation. 
Day Type Star t (hours) Stop (hours) 
Weekday (Mon – Fri) 0800 1900 
Saturday 1000 1830 
Sunday 1000 1600 
Holiday Reduced hours or closed. 
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4.2.2 BX HVAC system descr iption 

The HVAC system for the Burger King kitchen and serving areas consists of exhaust from the 
kitchen hood and supply/replacement air from the building’s air-conditioning system. The con-
trol of the hood fan and the air-conditioning system are separate. The kitchen personnel control 
the hood operation and BX management controls the building’s air-conditioning. The kitchen 
hood exhaust rate is 2,788 CFM and the fan is operated using a 2-hp motor. Before the hood con-
trols were installed kitchen personnel turned the exhaust fan on when they began work in the 
morning and they turned the fan off as they left each day. 

The HVAC system for Charley’s consists of a kitchen hood exhaust and a make-up air unit 
(MAU) that is interlocked with the hood exhaust fan. The hood exhaust rate was measured to be 
3,034 CFM and the exhaust fan is operated with a 1.5-hp motor. The MAU is powered using a 3-
hp motor. It has a direct-fired natural gas heater. 

4.3  For t Carson 

Fort Carson is located just south of Colorado Springs, CO. It is home to more than 13,000 Sol-
diers, who serve in the 4th Infantry Division, the 1st through 4th Brigade Combat Teams, the 4th 
Combat Aviation Brigade, the 43rd

Fort Carson has several dining facilities. The James R. Wolf Building (Bldg. 1444) was chosen 
for this kitchen hood demonstration since the building had some issues with excessive exhaust 
causing a building negative pressure, which was resulting in interior pipes freezing. The installa-
tion’s solution was to provide better control of the building exhaust systems. This project, which 
focuses on the kitchen hood operation, fit into that plan. One goal of the installation of the pro-
ject's hood controls and controls on the other building exhaust systems was to resolve the build-
ing negative pressure problem. 

 Sustainment Brigade and the 214 Fires Brigade. 

4.3.1 Bldg. 1444 Dining Facility 

Bldg. 1444 (Figure 4-8) is a 28,600 sq. ft. dining facility built in 2004. It has the capability of 
feeding 600 people during one meal serving period. Typical daily operations start at 0300 and 
end at 1900 hours during weekdays. These are the normal hours for kitchen hood operation. The 
cooking appliances are used for a few hours before each meal. Every other weekend the facility 
is closed. Three meals are generally served per day. Table 4.7 lists the open hours for serving 
meals at Bldg. 1444. The average meals served during the test period was 625 for Breakfast, 460 
for lunch and 485 for dinner. The meals served ranged from nearly 200 to almost 1100 for break-
fast, 230 to almost 600 for lunch, and 175 to almost 900 for dinner. 
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Figure 4-8.  James R Wolf Dining Facility, Bldg. 1444, For t Carson, CO. 

Table 4.7.  Bldg. 1444 Meal Serving Hour Schedule. 
Meal Monday through Friday Saturday & Sunday 
Breakfast 7:00 – 8:45 9:30 – 12:00 
Lunch 11:30 – 13:00  
Supper 17:00 – 18:30 16:30 – 18:00 

This site has two main kitchen hoods over the cooking equipment (Figures 4-9 to 4-11). The 
larger one (Hood 1) is a double-sided canopy hood with a wall running down the center. The 
other hood (Hood 2) is a smaller wall-mounted canopy hood. These hoods control cooking emis-
sions from ranges, skillets, ovens and kettles. Table 4.8 lists all cooking equipment under kitchen 
hoods in Bldg. 1444. 

Table 4.8.  Bldg. 1444 Cooking Equipment under Kitchen Hoods. 
Kitchen Hoods Appliance Type Manufacturer  Number  
Hood 1 Side One Oven Convection Southbend 2 
  Gas Range Vulcan 1 
  Tilting Skillet Southbend 2 
  

   
Hood 1 Side Two Twin Kettle Southbend 1 
  Twin Kettle Vulcan 1 
  Kettle Steam Jacketed Vulcan 2 
  Oven Convection Southbend 1 
  Oven Convection Not Identified 1 
Hood 2 Pressure Steamer, two compartment Vulcan 1 
  Pressure Steamer, two compartment Southbend 1 
  Fryer, three-vat fryer bank Not Identified 1 
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Figure 4-9.  Bldg. 1444, Hood 1 Side One. 

 

Figure 4-10.  Bldg. 1444, Hood 1 Side Two. 
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Figure 4-11.  Bldg. 1444, Hood 2. 

4.3.2 Bldg. 1444 HVAC system 

The HVAC system in Bldg. 1444 consists of several air handling systems. Fourteen exhaust fans 
remove air from the building. The total design exhaust air is 38,300 CFM. From the kitchen and 
serving area the building design has 30,400 CFM being removed. (Appendix F includes further 
information.) The kitchen has a number of exhaust systems and two MAUs. Two of these ex-
haust fans service the hoods that will receive the hood demand ventilation controls. The larger 
fan (EF-6), which has a design airflow of 12,000 CFM, removes air from the large double-sided 
canopy hood (Hood 1). It is interlocked with MAU-2. This supply air unit provides approximate-
ly 80% of the required exhaust air by EF-6 and this air is delivered into the kitchen through face-
discharge perforated diffusers. The other hood (Hood 2) is served by EF-8, the design airflow of 
which is 4,000 CFM. The balance of the required supply air for the hoods comes from AHU-4, 
which provides conditioned air to the kitchen area. The exhaust and supply air fan motors of this 
equipment run at constant speed (design airflow). Table 4.10 lists the characteristics of exhaust 
and MAUs. MAU-2 is a heating-only unit with supply setpoint temperature of 60 °F (15.5 °C). 
AHU-4 provides conditioned air to main kitchen area in the vicinity of the exhaust hoods that are 
modified with DCV controls. The design space setpoints are 68 °F/20 °C for heating and 
78 °F/25.6 °C for cooling. 

Table 4.9.  Bldg. 1444 Kitchen Ventilation System Components to be retrofitted. 
System Make/Model Rated CFM Rated hp 
EF-6 Penn Ventilation, Inc. FX36BFT 12,000 5.0 
EF-8 Penn Ventilation, Inc. FX24BHFT 4,000 1.5 
MAU-2 McQuay RDS800CYW 9,600 0.5 



 

ESTCP Final Report Guidance: 
Energy and Water Projects 22 April 2014 

4.4  US Air  Force Academy (USAFA) Preparatory school 

The US Air Force Academy Preparatory School was established in 1961. Currently approximate-
ly 240 students enter a 10-month education and training program every summer. The school is 
located 4 miles from the Air Force Academy cadet area, which is adjacent to Colorado Springs, 
CO. 

4.4.1 Bldg. 5218 Dining Facility 

Bldg. 5218, the dining facility for the Prep School (Figure 4-12), known as the “High Country 
Inn,” was built in 1983. The building occupies 31,800 sq. ft. and has a full service kitchen capa-
ble of feeding all 240 students. Table 4.10 lists the Bldg. 5218 kitchen’s typical serving hours 
and hours of kitchen operation, i.e., when cooking appliances and exhaust hoods are in use (gen-
erally from 330 to 2000 hours). Daily meal counts for this facility were unavailable. 

 

Figure 4-12.  Bldg. 5218 USAFA Prep School Dining Facility. 

Table 4.10.  Bldg. 5218 Meal Serving Hour Schedule. 
Meal Monday through Friday Saturday & Sunday 
Breakfast 7:00 – 8:45 9:30 – 12:00 
Lunch 11:30 – 13:00  
Supper 17:00 – 18:30 16:30 – 18:00 
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The kitchen has one double island-mounted canopy hood (Figures 4-13 and 4-14), which is the 
subject of this program. This 32-ft long hood controls cooking emissions from ranges, skillets, 
ovens, and kettles. Table 4.11 lists all cooking equipment under kitchen hoods in Bldg. 5218. 

Table 4.11.  Bldg. 5218 Cooking Equipment under Kitchen Hoods. 
Kitchen Hoods Appliance Type Manufacturer  Model No. Number  Energy Type 
Hood 1 side one Stove Garland Not Identified 1 Gas 
  Griddle top Garland M48S 1 Gas 
  Fryer Pitco 5G14-5 1 Gas 
  Fryer Dean SM150GM 1 Gas 
  Oil Filter 

 
Not Identified 1 None 

  Tilting Skillet Groen FPC/1-4-9 2 Electric 
  Oven Convection Vulcan SG40-24 1 Gas 
Hood 1 side two Kettle Steam Jacketed Cleveland KDL 25 2 steam 
  Atmospheric Steamers Vulcan C24GA10 2 Gas 
  Griddle Garland Not Identified 1 Gas 
  Charbroiler Garland Not Identified 1 Gas 
  Oven Convection Market Forge Not Identified 1 Gas 

 

Figure 4-13.  Bldg. 5218, Side 1 of Hood. 
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Figure 4-14.  Bldg. 5218, Side 2 of Hood. 

4.4.2 Bldg. 5218 HVAC system 

The HVAC system in Bldg. 5218 consists of several air handling systems. The kitchen has a 
number of exhaust systems and one MAU, which are interlocked with the main hood exhaust fan 
(EF-1). This exhaust fan services the double island-mounted canopy hood and has a design air-
flow of 15,500 CFM. The exhaust and supply air fan motors of this equipment run at constant 
speed. Appendix G contains further information regarding this equipment. The discharge air 
temperature for MAU-1 is set to range from 55 °F to 64 °F during the heating season. No cooling 
is provided by MAU-1. Table 4.12 lists the characteristics of exhaust and MAUs (kitchen venti-
lation system components in Bldg. 5218 to be retrofitted. 

Table 4.12.  Bldg. 5218 Kitchen Ventilation System Components to be Retrofitted. 
System Make/Model Rated CFM Rated hp 
EF- 1 Greenheck SWB-233-75-CW-UB-6 15,500 7.5 
MAU-1 Engineered Air DJ-140-0 12,400 10.0 
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5.0  

5.1  Background 

KITCHEN EXHAUST HOOD MODIFICATIONS PERFORMANCE 
TESTING 

5.1.1 Fundamental Problem 

Over the past 20 years, kitchen ventilation research has shown that significant energy savings (20 
to 30% of total kitchen consumption) can be achieved by optimizing hood performance by mak-
ing changes to improve the effectiveness of capture and containment and by using VFDs to 
modulate ventilation and makeup air rates to correspond with the state of the cooking operations. 
Even constant volume systems that are in “good working order” waste significant amounts of 
energy that can be saved with a DCV system. This demonstration project evaluates DCV systems 
and devices that can be used for retrofit applications and new construction. 

5.1.2 Demonstration Questions 

This demonstration project attempts to answer the following questions: 

• How much energy savings can be obtained by optimizing kitchen ventilation? 
• What is the extent of other benefits such as noise reduction? 
• What are the obstacles (such as operational staff resistance to change, existing ventilation 

design strategies, and HVAC control issues) to achieving maximum benefit? 

5.2  Overview of Hood Changes and Data Collected for  Measur ing Performance 

The kitchen hoods in the four dining facilities were altered to operate as variable flow systems. 
In cases where hood performance would be enhanced by the addition of side panels, and where 
side panel placement would not hinder cooking operations, side panels were added to the kitchen 
hoods. To achieve variable flow operation, VFDs were added to the fan motors and sensors were 
added to monitor the presence of heat and/or visible emissions such as smoke. Controls were 
added to increase fan speed if cooking were sensed, either by warmer exhaust air temperature or 
by decreased air opacity (due to smoke, moisture, or grease particles). 

Before hood modifications were made, energy use and system performance were tested to estab-
lish a baseline set of values. The same energy use and system performance measurements were 
taken after hood modification to document the changes (improvement) in hood performance fol-
lowing the variable flow change. The following sections describe the initial performance meas-
urements, specific modifications made to each hood, and measured results at each dining facility. 

5.2.1 Items Measured and Data Collected 

The following information was collected to establish a baseline condition: 

• exhaust fan motor electrical use 
• related supply fan motor electrical use 
• exhaust and supply airflow rates 



 

ESTCP Final Report Guidance: 
Energy and Water Projects 26 April 2014 

• supply air leaving air temperature 
• kitchen space temperatures. 

The fan motor electrical use was obtained through the use of watt transducers installed in the 
electrical panels that house the motor electrical connections. Air flow measurements taken when 
the VFDs were installed and activated were related to the fan motor electrical use to the actual 
airflow. Thermistor sensors were used to measure the supply air temperature (SAT) and the 
space temperatures. 

The number of meals served was requested from the dining facility to gauge the activity level of 
the kitchen. Daily meal data was a useful metric for comparison with the energy use data collect-
ed. This data was useful in determining whether a significant change in hood energy use was ac-
tually attributable to increased energy efficiency, or simply to a reduced level of cooking activi-
ty. Also, the number of meals served may prove to be a good statistic for other military installa-
tions to compare the results at these demonstration installations with their own sites. 

5.2.2 Data Collection Protocol 

Data were collected over a several week period before and after the DCV controls were placed 
on the kitchen hoods and related MAUs. The collected data focused on energy use and on space 
temperatures. Battery-powered dataloggers recorded data at 5-minute intervals for a minimum of 
6 weeks before, and 6 weeks after activation of the DCV controls. Data were downloaded at 
about 2-week intervals. Data collected included fan motor power (kW), supply air and room 
temperature (°F) and space humidity (%RH). The exhaust and MAU fan speed were recorded to 
provide a correlation between airflow and the corresponding fan power demand. 

Fan motor energy use was calculated from the fan power readings. Heating (and where appropri-
ate cooling) energy savings were calculated using the average airflow (from the average fan 
speed value), the SAT, and the weather data for each site. Any change in space temperature 
would be detected from the space temperature measurements. 

5.3  DCV System Testing  

The exhaust hoods and makeup air sources in each dining facility have many features in com-
mon, but all were essentially unique designs using different equipment. Each facility had varia-
tions in controls and equipment that were accommodated in the DCV system design. The specif-
ic differences are discussed in the sections below for each facility. 

Figure 5-1 shows the Melink components commonly installed on each exhaust hood. In all facili-
ties only one hood controller was installed to control the exhaust fans and MAUs because the 
controllers can handle multiple pieces of equipment. 
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Figure 5-1.  Melink Components Added to Each Exhaust Hood. 

VFDs are typically installed in addition to the components installed on the exhaust hoods. In 
some cases, new VFD-rated fan motors are installed on the exhaust hoods and MAUs. 

5.4  For t Lee DCV System Testing 

5.4.1 Kitchen Exhaust Hood Modifications 

The HVAC systems in Bldg. 18028 are controlled by a Johnson Controls Metasys BAS. Each 
existing kitchen hood exhaust fan control is interlocked with an MAU. The MAUs can provide 
both heating and cooling. Discharge air is maintained at 60 °F in the heating mode and at 80 °F 
in the cooling mode. 

5.4.2 Melink Intelli-Hood Controls 

The Melink system requires VFDs on the exhaust fans and MAUs. VFDs were installed in all of 
the monitored systems in Bldg. 18028 as part of the original construction. They were not re-
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placed as part of the project. The VFDs were programmed to run at 100% design speed before 
the retrofit. Both MAUs are interlocked with their respective hood fans. 

The Melink controls will command the VFDs to run at a speed of 40% when the internal hood 
temperature is 75 °F, assuming no smoke or steam is generated by the appliances. This is the 
lowest speed programmed into the controls. The fans will ramp to 100% speed with increasing 
internal hood temperatures, up to 110 °F. In addition, the controls will cause the fans to ramp to 
100% speed whenever smoke and/or steam are detected by the optical sensors. To provide flexi-
bility for operations, both exhaust hood fans are controlled by manual switches. These should be 
turned off after operations are complete and turned on at startup in the morning. 

Side panels were also added to the exhaust hoods in Bldg. 18028. Figure 5-2 shows the pre- and 
post-installation view of one end of Exhaust Hood 1. 

  

Figure 5-2.  Bldg. 18028, Pre- and Post-Installation View of Exhaust Hood End Panel. 

5.4.3 Performance Testing and Results 

As stated in Chapter 4, the DCV controls were installed for two exhaust fans (EF1 & EF 2) and 
the two MAUs that operated in unison with these exhaust fans (MAU 1 & 2).This building is rel-
atively new, but during the monitoring period, the installed kitchen ventilation equipment operat-
ed very poorly. This made it difficult to fully assess the performance of the DCV controls. The 
operational problems were: 

• Pre-Retrofit Period (12 April 2012 to 28 May 2012) 
o Exhaust Fan EF-2 motor was replaced at about noon on 23 May. When the exhaust fan 

was off, spillage of air from the cooking processes under Exhaust Hood #2 caused higher 
recorded space temperatures to be higher than expected. Once EF-2 was made operation-
al, only 5 days remained to collect pre-retrofit performance data before the installation of 
the DCV controls. 
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o MAU-2 ran almost continuously overnight during the 40 days before installation of new 
motor for EF-2. (It was shut down just 6 nights in this period.) The power use during this 
period was higher than expected. 

o MAU-2 was overcooling during the pre-retrofit period. Directorate of Public Works 
(DPW) staff investigated and corrected this situation shortly before DCV controls were 
installed, but the unit went out of control again during the post-retrofit period. 

o EF-1 and MAU-1 performed satisfactorily during the pre-retrofit period. 
• Post-Retrofit Period (6 June 2012 to 31 July 2012) 

o EF-2 stopped operating for unknown reasons early on Saturday, 9 June 2012. It was re-
started on Thursday 14 June, after it was observed to be off during the datalogger down-
load. 

o The exhaust fans and MAUs ran overnight for most of the post-retrofit period. Both 
MAUs are interlocked with their respective hoods. The MAUs and EFs are programmed 
to run at a Variable Speed Drive (VSD) speed of 40% when internal hood temperatures 
are 75 °F and no smoke or steam is present. To provide flexibility for operations, both 
fans are controlled by a manual switch. For unknown reasons, perhaps because space 
temperatures were higher than normal, and/or because operation at 40% speed was rela-
tively quiet, the staff did not typically shut the hoods off overnight during the post-retrofit 
period. 

o MAU-1 operated satisfactorily until the 6 July, when it began providing excessive cool-
ing. 

o MAU-2 appeared to be in heating mode at times when it should not have been providing 
heating or cooling. The central control system did not show the heating coil valve to be 
open, but DPW staff said that the valve may be leaking. Much of the apparent overheat-
ing occurred in the evenings and overnight when the exhaust fans and makeup air fans 
were on low speed. 

The ventilation system difficulties greatly influenced the analysis of the collected performance 
data. The pre-retrofit monitoring period ran from 12 April 2012 to 28 May 2012. The installation 
of the Melink Intelli-Hood®

Monitoring continued through the end of July 2012 due to control issues with the MAUs. There 
were only a few days during the 110-day monitoring period when the Discharge Air Temperature 
(DAT) from both units was simultaneously properly controlled based on the heating and cooling 
setpoints and the OAT. 

 System started on 29 May 2012 and it was activated on 5 June 2012. 
The post-retrofit monitoring period ran from 6 June to 31 July 2012. Due to a fault in one of the 
monitored exhaust fans (EF-2) in the pre-retrofit period and loss of space temperature data dur-
ing a 15-day period in the post-retrofit period, the analysis is divided into three parts. The first is 
the pre-retrofit period from 12 April through 23 May 2012 when EF-2 was not operational. The 
second is the pre-/post-retrofit period from 24 May through the installation period (29 May – 5 
June), to 26 June 2012. The third was from 27 June through 31 July 2012, including the period 
from 27 June to 5 July 2012 when space temperature data were not recorded due the dataloggers’ 
memory being full. 
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The Fort Lee site report included in Appendix D discusses the electrical power measurements 
and temperature readings in more detail. The following sections summarize the collected data. 

5.4.3.1  Monitored Data Points 

Figure 5-3 shows a plan view of the location of the four temperature and humidity data sensors 
in the kitchen. Each sensor was located on a wall about 12 in. below the ceiling (which was 
about 9 ft. above the floor). This location was selected to avoid accidental damage or removal of 
the sensors. Although they are located above the occupancy zone (7 ft. above the floor), the large 
air exchange rate in kitchens creates sufficient mixing such that the recorded temperature and 
humidity would be representative of the occupied zone temperatures. Power transducers and a 
datalogger were placed in the electrical room to record electrical power use. After the Melink 
Intelli-Hood system was installed, motor speed dataloggers were connected to the VFDs on each 
unit to monitor the variable speed signals. All data were recorded at 5-minute intervals, except 
for the VFDs, which were recorded at 1-minute intervals and averaged to 5 minutes. 

An overview of the fan power used and the temperatures recorded is presented below. Appendix 
D includes additional information showing time-related measurements over the measurement 
period. Appendix D also discusses issues and problems encountered during the measurement pe-
riod. 

 

Figure 5-3.  Bldg. 18028, Plan View of T/RH Logger  Locations (Red Dots). 
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5.4.3.2  Pre-Retrofit Per iod 12 Apr il – 23 May 2012 

EF-1, MAU-1, and MAU-2 Fan Power 

The electrical power used by each unit was averaged to show the typical use for a day before the 
DCV controls were installed and for an average day after the installation. Table 5.1 lists the daily 
electrical energy use for this equipment. Figures 5-4 through 5-7 show the daily use profile for 
each piece of this ventilation equipment. An analysis of this data shows savings in electrical 
power used by this equipment of almost 50%. 

Table 5.1.  Bldg. 18028, Summary of Daily Average Electr ic Use. 
kWh/day Pre-Retrofit Post-Retrofit Savings %  Savings 
EF-1 153.7 79.8 73.9 48% 
MAU-1 82.2 44.6 37.7 46% 
EF-2 214.2 115.8 98.4 46% 
MAU-2 114.6 60.0 54.6 48% 
Totals 564.8 300.2 264.6 47% 

 

Figure 5-4.  Bldg. 18028, EF-1 Average Daily Power  Profiles for  All Days. 
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Figure 5-5.  Bldg. 18028, EF-2 Adjusted Average Daily Power  Profiles for  All Days. 

 

Figure 5-6.  Bldg. 18028, MAU-1 Average Daily Power  Profiles for  All Days. 
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=  

Figure 5-7.  Bldg. 18028, MAU-2 Average Daily Power  Profile  for  All Days. 

5.4.3.3  Kitchen Space Temperatures 

Kitchen space temperatures did vary due to the poor performance of the exhaust fans and MAUs. 
EF-2 was not running during a significant part of the Pre-retrofit period and the MAU heating 
and cooling controls often malfunctioned. Figure 5-8 shows the average daily profile for the four 
temperature sensors in the kitchen. Space temperatures should be no higher than 80 ºF, but due to 
spillage from Hoods 3 and 4 (EF-2), temperatures during the day for Locations #1 and #3 are 
higher than normal during operational hours. Since the concern is a temperature increase in the 
kitchen due to less ventilation caused by the DCV controls, a comparison of the before and after 
conditions is appropriate. Figure 5-9 shows a 3- to 5-degree increase in this temperature, but giv-
en the inconsistency of the control of discharge temperature by MAU 1 and 2, it is not certain 
this conclusion is correct. It is likely that the increase in outdoor temperature between the pre- 
and post-retrofit periods also affected the space temperature differential. The data in Figure 5-10 
show that the outdoor temperature before 29 May averaged above 80 °F for just a few hours. The 
MAU duct stat temperature setpoint for cooling is 80 °F. Consequently, little cooling was being 
provided during the pre-retrofit period compared to the post-retrofit period. The site report in-
cluded in Appendix D discusses this subject more completely. 
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Figure 5-8.  Bldg. 18028, Average Daily Space Temperature Profile, Pre-Retrofit, EF-2 Not 
Working. 

 

Figure 5-9.  Bldg. 18028, Average Daily Space Temperature Profile, Pre-/Post-Retrofit. 
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Figure 5-10.  Bldg. 18028, Average OAT, Pre-/Post Retrofit. 

5.5  Ellswor th AFB DCV System Testing 

5.5.1 Kitchen Exhaust Hood Modifications 

The two hoods modified with DCV controls at the BX location wee located in two restaurants, 
Charley’s and Burger King. Table 5.2 lists the measured airflow rates at the end of the pre-
retrofit period. Table 5.3 lists the equipment that was retrofitted with VFDs. The equipment 
nameplates show a manufacturing date of 07 November 2008 for Charley’s and November 2010 
for the Burger King exhaust fan. The exhaust hoods were controlled by manual switches during 
the pre-retrofit period. The Melink Intelli-Hood system controlled the exhaust hoods during the 
post-retrofit period. The exhaust fan and MAU for Charley’s were powered from the same 15-
amp 208v circuit breaker. Consequently, power and VFD signals are analyzed as a combination 
for these two fans. In addition to the Melink Intelli-Hood system, three ABB VFDs were in-
stalled as part of the retrofit. 

Charley’s MAU has a direct-fired furnace with a non-modulating burner. The Melink controls 
are programmed to cause the exhaust fan and makeup air fan to ramp up to 100% speed when the 
duct stat calls for heating. This allows the furnace to function properly. During the Pre-retrofit 
period, the furnace was on a manual switch to allow employees to control comfort conditions. 
The MAU diffusers are located in the ceiling adjacent to the hood and above the cook line work-
ing area. The switch had been installed at the request of employees because of overheating and 
overcooling, depending on the season. The manual switch was de-activated when the Melink 
system was installed, but due to comfort complaints it was later re-activated. 
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Table 5.2.  Ellswor th AFB, Pre-Retrofit Air Flow Rates. 

Area Served Item 
100%  Speed Air Flow 

Rate (CFM) 
Charley’s  Exhaust Fan (EF-1) 3,034 
Charley’s  MAU 2,222 
Burger King Exhaust Fan 2,788 

Table 5.3.  Ellswor th AFB, Modified Ventilation Equipment. 
Area Served Item Make/Model Motor Size 
Charley’s  Exhaust Fan (EF-1) Thermotek BDU20TH 1.5 hp, 4.7 Full Load Amps (FLA) 
Charley’s  MAU Captive Aire A2-D.500-G15 3 hp, 9.5 FLA 
Burger King  Exhaust Fan Cook 150 CPS CL1 2 hp (2200 CFM) 

Power and environmental monitoring sensors and dataloggers were installed at both Burger King 
and Charley’s on 8 October 2012. The original project plan included 3 weeks of pre- and post-
retrofit monitoring at a 5-minute recording interval of fan power, space temperatures, and dis-
charge air temperatures (DAT) for MAUs, and other SATs from other AHUs (if available). Ad-
ditionally, the plan included logging the VFD signal after the installation of the Melink Intelli-
Hood system. Savings estimates are based on direct measurement of electrical power and on cal-
culations of heating and cooling savings from reducing the amount of conditioned makeup air. 
The reduced airflow was determined by averaging the post-retrofit fan speed measurements and 
applying that correction to the measured airflow at full fan speed. . 

Monitoring of the pre-retrofit baseline started on 9 October and ended 4 December 2012 (56 cal-
endar days). The change from Daylight Savings to Standard time required adjusting time stamps 
to reflect the clock reset from 2 a.m. to 1 a.m. on 4 November 2012. Additional dataloggers were 
added on 5 December 2012 to measure the VFD signals after the Melink Intelli-Hood

Hourly weather data for the analysis were obtained for Ellsworth AFB. These data were linearly 
interpolated to allow integration with the 5-minute dataset. 

 System 
was installed. The post-retrofit period ran from 8 December 2012 to 18 January 2013 (42 days). 

Figure 5-11 shows that the average 
OAT was more than 15 °F lower in the post-retrofit period compared to the pre-retrofit period. 
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Figure 5-11.  Ellswor th AFB, BX Pre- and Post-Retrofit Average OAT. 

5.5.2 Performance Testing and Results 

Burger King Exhaust Fan Power 

The power use of the Burger King exhaust fan changed during the pre-retrofit monitoring period 
due to factors not related to the retrofit. Figure 5-12 shows that the power gradually declined 
about a week before installation of the Melink controls. This type of power reduction is usually 
associated with a slipping fan belt. On Saturday, 1 December, the fan belt failed and was re-
placed (see Figure 5-13). After startup, the fan power increased about 0.3 kW above what it had 
been in the first 6 weeks of the monitoring period. 

The change in power level suggests that, from the beginning of the monitoring period (and per-
haps earlier), the fan belt slippage resulted in lower airflow than design because the fan itself 
would not turn as fast. The data sample is more than adequate, but does not represent the as-
designed airflow rate and therefore the expected power level. The project team decided to use the 
power level after the fan belt was replaced as the pre-retrofit power level. About 4 days of pre-
retrofit measurements were taken after the fan belt was replaced, from the afternoon of 
1 December through 1700 hours on 5 December. During operation in this period, the exhaust fan 
hourly power level was about 1.14 kW. The standard schedule of weekday operation is from 
0600 hours to 1900 hours. Thus pre-retrofit daily weekday consumption is estimated to be 15.3 
kWh. 
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Figure 5-12.  Burger  King Pre-Retrofit Exhaust Fan Power  Profile. 

 

Figure 5-13.  Burger  King Power  Profile Before and After  Fan Failure. 

Figure 5-14 shows the average daily power profile for the pre- and post-retrofit periods. The pre-
retrofit power at about 0.81 kW reflects the belt slippage noted previously. As discussed above, 
the pre-retrofit power for savings calculations will be 1.14 kW based on the power draw after the 
fan belt was replaced on 1 December. The average power during operating hours in the post-
retrofit period varied from about 0.5 kW to about 0.9 kW (see Figure 5-15 and Table 5.4). The 
reasons for the varied fan motor electrical power are not known. For the analysis, the fan motor 
power immediately after the equipment installation was assumed to be the most accurate meas-
ure. Those values were used in the energy saving calculations. The result is an energy savings of 
0.62 kW represents 46% savings compared to the pre-retrofit power. 

The measured airflow of the system before the DCV controls were installed was 2,788 CFM. 
The average airflow of the ventilation system during the post-retrofit data collection period was 
1,887 CFM. The site report included in Appendix E provides a more complete discussion on the 
system energy use. 
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Figure 5-14.  Burger  King Post-Retrofit Exhaust Fan Average Weekday Power  Profile. 

 

Figure 5-15.  Burger  King Post-Retrofit Exhaust Fan Power  Profile. 

Table 5.4.  Burger King Analysis of Power Dur ing Post-Retrofit Per iod. 

Star t End 
Avg. 24-hr  

(kW) 
Days in 
Per iod 

Hours of 
Operation kWh/day 

Avg kW during 
Operation 

12/08/12 12/20/12 0.31 13 12.15 7.50 0.62 
12/21/12 01/03/13 0.24 14 11.29 5.74 0.51 
01/04/13 01/11/13 0.39 8 11.84 9.31 0.79 
01/13/13 01/18/13 0.45 6 11.92 10.83 0.91 

The data in Figure 5-16 show a significant drop in the number of meals served that on Sunday 
and holidays. There is also a significant reduction in meals served on some Saturdays. 
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Figure 5-16.  Burger  King Number  of Meals Served by Day. 

Burger King Kitchen Space Temperatures 

AHUs provide conditioned air in the Base Exchange with hot- and chilled-water coils. AHU-4 
serves the kitchen space for Burger King and Charley’s and provides most of the conditioned 
makeup air for Burger King. Both Burger King and Charley’s serving areas are open to the Food 
Court and general retail areas. Some makeup air may come from these areas, which are served by 
AHU-5. 

Four temperature and humidity loggers were placed on the walls in the Burger King kitchen, 
about 1 ft. below the ceiling using Velcro tape. The placement height was selected from experi-
ence with previous datalogging projects. Although the height is above the occupied zone, the 
recorded data provide representative differences between pre- and post-retrofit conditions. The 
height also discourages tampering, theft, or loss of the dataloggers. Figure 5-17 shows the floor 
plan and the approximate placement of the loggers. 

Figure 5-18 shows the pre- and post-retrofit daily average discharge air temperature from AHU-4 
at a diffuser located in the middle of the Burger King kitchen. The occupied discharge air tem-
perature setpoint appears to be about 60 °F. After hours, the AHUs are off and the temperature at 
the diffuser ranges between 70 and 75 °F. 

The temperature measurements by the four dataloggers indicate that the general space tempera-
ture was about the same during the pre- and post-retrofit periods. Figure 5-19 shows the average 
space temperature at the location of the door that leads into the food court dining area. The site 
report included in Appendix E provides more complete temperature measurement information. 
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Figure 5-17.  Burger  King and Char ley’s Plan View of Space Temperature Logger  
Locations. 

 

Figure 5-18.  Burger  King Pre- and Post-Retrofit DAT for  AHU-4. 
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Figure 5-19.  Burger  King Space Temperature#1, Pre- and Post-Retrofit Average Daily 
Profile. 

5.5.2.1  Char ley’s Exhaust Fan and MAU Power  

The electrical power was recorded for the exhaust air fan and the MAU fan as a total value. The 
data in Figure 5-20 show that the pre-retrofit power use is relatively uniform. The system was 
left on overnight on one occasion and was shut down for 3 days on holidays. 

 

Figure 5-20.  Char ley’s Pre-Retrofit Exhaust Fan and MAU Power  Profile. 

Figure 5-21 shows the post-retrofit monitored data. Two significant observations are that: (1) the 
exhaust and MAU fans ran overnight at low speed, and (2) there were 10 nights out of 43 where 
the fans ran all night at the same level as during daytime operations. 
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Figure 5-21.  Char ley’s Post-Retrofit Exhaust Fan and MAU Power  Profile. 

Figure 5-22 shows the average fan motor electrical power for the pre- and post-retrofit periods. 
Note that the new controls were causing the exhaust and MAU fans to run overnight and starting 
the hood system at 0600 hours instead of 0800 hours. The early start was due a schedule in the 
controller that started the system when the Burger King system started. This profile is based on 
data for the days of Monday through Friday. Based on the actual operation of the exhaust fan and 
MAU, the pre-retrofit electrical energy use of 10.64 kWh per day was reduced to 8.2 kWh/day 
for a 2.44 kWh/day saving. This represents a 25% reduction in electrical use. This mode of oper-
ation had overnight operation of the ventilation system at low speed and a start of the hood sys-
tem 2 hours before it was needed. If this system were totally off until hood operations were 
needed, the estimated electrical use would be 5.33 kWh per day for a savings of 50%. 

The reduction in the hood airflow rates also provides a saving in heating energy used. The pre-
retrofit hood exhaust airflows were measured to be 3,034 CFM and 2,222 CFM for the MAU. 
During the Post-retrofit period the ventilation system ran at a rate of 20% full flow during the 
hours Charley’s was not open. The DCV controls provided an average airflow reduction of ap-
proximately 1/3 of the full airflow during operating hours. The site report included in Appendix 
E includes more complete energy use information. 
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Figure 5-22.  Char ley’s Pre- and Post-Retrofit Exhaust Fan and MAU Weekday Average 
Power  Profile. 

Charley’s Kitchen Space Temperatures 

AHUs provide conditioned air in the Base Exchange with hot- and chilled-water coils. AHU-4 
serves the kitchen space for Charley’s and provides about 800 CFM of outside air as replacement 
air for the exhaust hoods when the exhaust is at full speed. Both Burger King and Charley’s serv-
ing areas are open to the Food Court and general retail areas. Some makeup air may come from 
these areas, which are served by AHU-5. Charley’s has a dedicated MAU that provides about 
2,220 CFM of outside air through a ceiling-mounted perforated plenum along the front of the 
hood. 

Two temperature and humidity loggers were placed on the walls in Charley’s kitchen, about 1 ft. 
below the ceiling using Velcro tape. The placement height was selected from experience with 
previous datalogging projects. Although the height is above the occupied zone, the recorded data 
provide representative differences between pre- and post-retrofit conditions. The height also dis-
courages tampering, theft, or loss of the dataloggers. Figure 5-17 shows the floor plan and the 
approximate location of the loggers. 

Figures 5-23 and 5-24 show the average daily space temperature profiles for Charley’s kitchen 
area. The post-retrofit average is 2 to 4 °F lower than the pre-retrofit profile, except in the morn-
ing between 0600 and 0800 hours when the fan has ramped to operational speed but the makeup 
air furnace is not on. 

Figure 5-24 shows the average daily discharge air temperature from a diffuser in Charley’s 
kitchen that is served by AHU-4. During operational hours the temperature is between 60 and 
65 °F. The post-retrofit average is 2 to 4 °F higher than the pre-retrofit profile (the opposite of 
the space temperature data). 
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Figure 5-23.  Char ley’s Pre- and Post-Retrofit Average Daily Space Temperature #1. 

 

Figure 5-24.  Char ley’s Pre- and Post-Retrofit Average Daily Space Temperature #2. 
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Figure 5-25.  Char ley’s, Pre- and Post-Retrofit AHU-4 DAT. 

The data shown in Figure 5-26 may be used to compare the pre- and post-retrofit daily average 
MAU DAT profiles during business hours. Lower temperatures in the post-retrofit period occur 
during operational hours due colder outdoor temperatures and lack of heating from the MAU. 
Temperatures close to 70 °F occur after business hours when the fan speeds are lower. 

 

Figure 5-26.  Char ley’s Pre- and Post-Retrofit MAU Average DAT. 
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In late December, Charley’s employees complained of very cold conditions, particularly in the 
mornings. After the data were reviewed, a conference call was held with the project team. It was 
concluded that the fundamental cause of the cold temperatures, particularly in the early morning 
was caused by the fans being left to run all night while the furnace (which was on a manual 
switch) was turned off. Figure 5-26 shows a profile of the average discharge temperature from 
the MAU. During the Melink installation, the manual switch was bypassed. 

This situation appears to have two causes: (1) the Melink controller is designed to run all hoods 
connected to it using a single schedule, and (2) during Melink installation, the manual switch 
was bypassed. Since Burger King started operations at 0600, this forced the Charley’s ventilation 
system to ramp to its occupied idle speed threshold 2 hours before employees arriving. The cor-
rective action was to re-install or re-energize a manual switch to allow the employees to turn the 
ventilation system completely off after hours. It was not realized at the time that the furnace was 
not turning on during the day when employees were working. The manual switch was not in-
stalled until sometime in March, after the monitoring period was complete. Upgrades to the 
Melink System allow it to be programmed for separate schedules per hood. This upgrade was 
applied to the processor software at this site. 

The site report included in Appendix E includes more complete temperature measurement infor-
mation. 

5.6  For t Carson DCV System Testing 

5.6.1 Kitchen Exhaust Hood Modifications 

The two hoods located in Bldg. 1444 at Fort Carson serve the main cooking appliances in the 
kitchen. Table 5.5 lists the equipment that was retrofitted with VFDs. The exhaust hoods were 
controlled by manual switches during the pre-retrofit period. The Melink Intelli-Hood system 
controlled the exhaust hoods during the post-retrofit period. The wires from MAU-2 interlock 
were terminated on one of the relays for EF-6. This will allow the MAU to be turned on and off 
when the exhaust fan is not operating. Also, because the MAU can trip out during the winter due 
to its freeze-stat, the MAU VFD analog signal is wired from the exhaust fan VFD. The reason 
for this is because when the MAU trips out, the MAU VFD loses power and causes the exhaust 
fan VFD to run at 100% until the MAU freeze-stat trip out is reset and the MAU VFD regains 
power. 

The measured airflows (listed in Table 5.5) are approximately 1/3 of the design for EF-8 and 
80% of design for the larger EF-6. The MAU’s airflow was measured to be approximately 2/3 of 
the design value. 

Table 5.5.  Bldg. 1444 Kitchen Ventilation Measurements. 

Item Make Model 
Actual Air  
Flow, L/sec 

Actual Air  
Flow, CFM 

Motor  
Hp kW 

Measured 
Amps 

EF-8 Penn Ventilation, Inc. FX24BHFT 588 1246 1.5 1.119 2 

EF-6 Penn Ventilation, Inc. FX36BFT 4,496 9,526 5 3.729 5.3 

MAU-2 McQuay RDS800CYW 2,994 6,344 5 0.373 2.2 
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End panels were not installed on these hoods. 

Power and environmental monitoring sensors and dataloggers were installed on 1 March 2013. 
The baseline monitoring started on 2 March and ran to 23 June (114 calendar days). On 17 July 
additional dataloggers were added to measure the VFD signals when the Melink Intelli-Hood 
System was made operational. The original project plan included 3 weeks of pre- and post-
retrofit monitoring at a 5-minute recording interval of fan power, space temperatures, and dis-
charge air temperatures (DAT) for MAUs, and other SATs from other AHUs (if available). Ad-
ditionally, the plan included logging the VFD signal after the installation of the Melink Intelli-
Hood system. Savings estimates are based on direct measurement of electrical power and on cal-
culations of heating and cooling savings from reducing the amount of conditioned makeup air. 

The time from 9 July through 18 July was used to install the Melink equipment. The post-retrofit 
period ran from 18 July through 20 September 2013 (64 days). 

Hourly weather data for the analysis were obtained from weathersource.com for Fort Carson. 
This data were linearly interpolated to allow integration with the 5-minute dataset. Appendix F 
includes detailed discussion of temperatures during the test period. Note that the average OAT 
was more than 15 °F higher in the post-retrofit period as compared to the pre-retrofit period. 

Kitchen temperatures were monitored by space temperature and humidity sensors, positioned 
about 1 ft. below the ceiling at four locations near the kitchen hoods (Figure 5-27). 

 

Figure 5-27.  Bldg. 1444 Plan View of T/RH Logger  Locations (Red Dots). 
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5.6.1.1  Fan Energy Use 

Figures 5-28 (data taken from 3 March 2013 to 25 April 2013) and 5-29 (data taken from 
26 April to 23 June 2013) show the electrical power required to operate MAU-2/EF-6 and EF-8. 
Mau-2/EF-6 serves the Main Wall-Mounted Canopy Hoods and EF-8 serves the Fryer and Steam 
Cooker Hood. EF-6 and MAU-2 are wired into the same circuit breaker. The slight increases in 
the power profile are attributed to the increased air density as OAT decreases when the hoods 
and MAU run overnight. During the period of 3 March – 25 April 2013, MAU-2/EF-6 ran over-
night on 27 of 54 nights. From 26 April to 23 June 2013, MAU-2/EF-6 ran overnight on 12 of 57 
nights and EF-8 ran overnight on 25 of 57 nights. 

Figure 5-29 shows the average pre-retrofit power for EF-6 & MAU-2 and post-retrofit power for 
EF-6 only. During the retrofit, MAU-2 was placed on its own breaker and thus its post retrofit 
energy use is shown in Figure 5-31. 
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Figure 5-28.  Bldg. 1444 MAU-2/EF-6 and EF-8 Fan Power , 2 March – 25 Apr il 2013. 

 

Figure 5-29.  Bldg. 1444 MAU-2/EF-6 and EF-8 Fan Power , 25 Apr il – 23 June 2013. 
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Figure 5-30.  Bldg. 1444 EF-6 & MAU-2 Pre- and Post-Retrofit Average Daily Power  Use. 

 

Figure 5-31.  Bldg. 1444 EF-8 Pre- and Post-Retrofit Average Power  Use. 
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A watt transducer was added to the power logger on Thursday, 18 July, to monitor MAU-2. The 
dining facility was closed on Friday, Saturday and Sunday. MAU-2 went off line on 24 July for 
reasons that are being investigated. Consequently, as of this writing, MAU-2 had only 2 days of 
post-retrofit operation. Figure 5-32 shows the post-retrofit profile for MAU-2. 

A watt transducer was added to the power logger on Thursday, 18 July, to monitor MAU-2. The 
dining facility was closed on Friday, Saturday and Sunday. MAU-2 went off line on 
24 July because a pre-existing manual switch was turned off by staff. It was turned on again pe-
riodically in August (8, 12, 13, 15, 16, 18, 19, and 20 August). On 20 August, Melink investigat-
ed and had the manual switch taken out of the circuit. The kitchen was not operation from the 
20th  

Figure 5-33

until the 29 August (power data at zero and VSD data at zero). Data were collected through 
12 September, during which the kitchen and the demand ventilation controls worked as expected. 

 shows the average daily MAU-2 power profile. 

Figure 5-34 shows a time series plot of MAU-2 DAT, RTU-4 DAT, and OAT. The series have 
been filtered to remove data when the power to EF-6 and MAU-2 is essentially off (< 1.0 kW). 
The weekends when the facility is closed show up as straight line connections between active 
operations. Note that MAU-2 and RTU-4 appear to be operating as expected with regard to 
DAT. In some cases MAU-2 DAT appears to be higher than ambient. Two factors may influence 
this outcome. First, the weather data is from Colorado Springs Airport, which is several miles 
away. Second, the air intake for MAU-2 is on the roof, where a local heat island effect can in-
crease temperatures by as much as 5 to 10 °F. 

 

Figure 5-32.  Bldg. 1444 Post-Retrofit Power  Use for  MAU-2. 
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Figure 5-33.  Bldg. 1444 MAU-2 Post-Retrofit Average Power . 
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Figure 5-34.  Bldg. 1444 Time Ser ies for  MAU-2 DAT, RTU-4 DAT, and OAT. 
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Kitchen Space Temperatures 

To monitor the kitchen space temperatures, four wall-mounted temperature sensors were used. 
Figure 5-36 presents the average for the pre- and post-retrofit period on a monthly basis. A sam-
ple of the hourly space temperatures is provided in Figure 5-37 for the period of 26 April –
23 June 2013. The post-retrofit data are only for about a week and MAU-2 was operating only 
2 days of that week, but there is not a significant difference between them and the temperatures 
appear to be in a comfortable range. 

During the data collection, period temperature measurements were taken of the outdoor tempera-
ture, leaving temperatures for MAU-2 and AHU-4 showing the activity of the units heating and 
cooling coils. The Fort Carson site report, contained in Appendix F, details this information. 

 

Figure 5-35.  For t Carson Bldg. 1444 Weekday Average Space Temperature Profile by 
Month. 
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Figure 5-36.  For t Carson Bldg. 1444 Kitchen Space Temperature Profiles, 26 Apr il – 23 
June 2013. 

5.7  USAFA DCV System Testing 

5.7.1 Kitchen Exhaust Hood Modifications 

Bldg. 5218 has a double island canopy hood and a MAU that were controlled by manual switch-
es during the pre-retrofit period. The monitored data indicate that these systems are not inter-
locked electrically although a BAS exists. 

Table 5.6 lists the equipment that was retrofitted with VFDs. The Melink Intelli-Hood system 
controlled the exhaust hoods during the post-retrofit period. The wires from MAU-1 interlock 
were terminated on one of the relays for EF-1. This will allow the MAU to be turned on and off 
when the exhaust fan is not operating. Also, because the MAU can trip out during the winter due 
to its freeze-stat the MAU VFD analog signal is wired from the exhaust fan VFD. The reason for 
this is that when the MAU trips out, the MAU VFD loses power and causes the exhaust fan VFD 
to run at 100% until the MAU freeze stat trip out is reset and the MAU VFD regains power. 

The measured airflows (listed in Table 5.6) are approximately 96% of the design for EF-1 and 
92% of the design for MAU-1. The design air balance between the exhaust and supply air of 
80% came within a few percent of being maintained. 

Table 5.6.  USAFA Bldg. 5218 Kitchen Ventilation Measurements. 

Item Make Model 

Design 
Air  

Flow 
(CFM) 

Actual Air  
Flow 

(L/sec) 

Actual Air  
Flow 

(CFM) 
Motor  
(hp) kW 

Measured 
Amps 

EF 1  Greenheck SW8-233-75-CW-UB-6 15,000 7,014 14,861 7.5 5.59 7.2 
MAU 1  Engineered Air DJ-140-0 12,400 5,377 11,391 10.0 7.46 12.9 

End panels were not installed on the Prep School hoods. 
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5.7.1.1  Performance Testing and Results 

The power and environmental monitoring sensors and dataloggers were installed on 
13 March 2013 and data collection began the next day. The pre-retrofit period measuring the ex-
isting system performance was completed on 9 July 2013. During the monitoring period the 
building was shut down for 9 days in March for Spring Break and for approximately 6 weeks 
from late May through early July for intersession break. Because of these breaks the monitoring 
period was longer than the planned 6 weeks. To better monitor the DCV system additional moni-
toring devices were installed to record the operation of the VFD controls. The post-retrofit period 
of monitoring began 18 July 2013 and continued through 5 August 2013. 

The monitoring instrumentation consisted of power transducers to measure the power required 
by EF-1 and MAU-1 and six sets of temperature of temperature & humidity loggers. Four of the-
se loggers monitored the space conditions in the kitchen and two the performance of MAU-1. 
Over the monitoring period two of the space monitors had to be replaced. Figure 5-37 shows the 
plan view of the logger placement. 

 

Figure 5-37.  Bldg. 5218 Plan View of T/RH Logger  Locations (Blue Dots). 
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Average power over 24 hours was 3.5 kW for EF-1 and 8.96 kW for MAU-1. The measured av-
erage power use after the DCV controls were implemented was 2.15 kW for EF-1 and 3.88 kW 
for MAU-1. Figures 

Fan Energy Use 

5-38 and 5-39, respectively, show the average hourly power profiles for EF-
1 and MAU-1. 

 

Figure 5-38.  Bldg. 5218 EF-1 Average Hour ly Power  Profiles. 

 

Figure 5-39.  Bldg. 5218 MAU-1 Average Hour ly Power  Profiles. 
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The energy use during the pre-retrofit monitoring period was greater than what it should have 
been since equipment was left operating when it could have been manually turned off. The hood 
exhaust fan was often left to run all night and it was left on over the Spring Break period. The 
data in Figure 5-40 show that there were long periods when MAU-1 did not run, including from 
28 March to 9 May and from 22 May through 6 June. The measurements also showed that 
MAU-1 ran continuously when it was operational. 

The average EF-1 electrical energy use values excluded the Spring and Intersession Break peri-
ods of energy use and the average MAU-1 electrical energy use included only those days the unit 
was operational. The data in Figure 5-38 show that EF-1 was typically turned on when the kitch-
en staff began work and turned off when they left for the day. The data in Figure 5-39 show that 
the MAU ran continuously. With the installation of DCV controls this ventilation equipment can 
be operated at a lower flow rate during periods of the day and be operated at a very low rate 
when the kitchens are closed for the day. Appendix G contains more information on energy use 
at USAFA. 
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Figure 5-40.  Bldg. 5218 Hour ly Profile of Fan Electr ical Use EF-1 & MAU-1. 
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Kitchen Space Temperature 

Since MAU-1 had no cooling capability the pre-retrofit space temperature evaluation is broken 
into two time periods. The first is the period from 14 March 2013 through 19 May 2013, during 
which MAU-1 was not operating a significant period of time. The second period of 20 May 2013 
through 5 August 2013 has warmer weather outside and is more appropriate for a before and af-
ter comparison. Figure 5-41 shows a profile of these temperature measurements. The data in Fig-
ure 5-42 simplify this information by presenting the average hourly space temperatures for the 
period before the DCV controls were installed (pre-retrofit and the period after their installation 
(post-retrofit). As can be seen the space temperature in the post-retrofit is generally 2 to 4 °F 
warmer throughout the day. This can be mostly explained by the increase in outdoor tempera-
tures during the post-retrofit period, which ranged from 5 to 8 °F warmer. 

After several requests, no meal serving data were provided. There was also no follow-up 
discussion with the kitchen staff regarding their impression of the DCV system. 

 



 

 

ESTCP Final Report G
uidance: 

Energy and W
ater Projects 

62 
April 2014  

 

 

Figure 5-41.  Bldg. 5218 Hour ly Kitchen Space Temperatures. 

 

Figure 5-42.  Bldg. 5218 Average Space Temperatures Pre-Retrofit Compared to Post-Retrofit. 
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5.8  Summary of Energy Savings 

To summarize, the fan energy savings that may be gained by installing a DCV system can ap-
proach 70%, when compared with the energy use of a constant volume exhaust hood system. The 
energy savings of the DCV systems installed at the four test sites is summarized in Table 5.7. As 
can be seen, the total Btu savings varied from 32 to 37 percent with the average Btu saving being 
approximately one-third the initial energy use of the kitchen hood ventilation equipment. The 
total Btu energy saving is greatly influenced by the heating energy savings and turning systems 
off when the dining facility is closed. The fan motor electrical use approached a 60% energy sav-
ing for the sites. 

The Fort Lee site had 47% fan energy savings, which is due to the two systems running over-
night frequently. Additional savings, on the order of about 15 kWh/day could be achieved in the 
hoods if they were manually shutdown every night. However, the amount of heat generated un-
der Hoods 3 and 4 (served by EF-2 and MAU-2), seems to have caused overnight cycling that 
reduced the potential savings. It is likely that one or more appliances are idling overnight on a 
routine basis. 

Table 5.7.  Summary of Energy Savings Provided by DCV Systems on Kitchen Hoods. 

Test Site 

Energy Use Before DCV Energy Saved By DCV Percent Saved 

kWh/yr  Therms/yr  MMBtu/yr kWh/yr  Therms/yr  MMBtu/yr kWh Therms Btu 

Fort Lee 215,560 23,716 3,108 99,294 6,436 983 46% 27% 32% 

Ellsworth 8,889 3,548 385 5,169 1,166 134 58% 33% 35% 

Fort Carson 29,313 22,546 2,355 16,582 7,043 761 57% 31% 32% 

USAFA 60,655 18,975 2,105 31,885 6,722 781 53% 35% 37% 

Totals  314,417 68,785 7,952 152,930 21,367 2,659 49% 31% 33% 
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6.0  

6.1  For t Lee System Performance Assessment 

SYSTEM PERFORMANCE ASSESSMENT 

The DCV controls provided electrical and natural gas energy savings. The electrical savings are 
the result of reduced fan motor energy use and cooling energy savings that lowered the operation 
of the building’s cooling equipment. The natural gas savings are the result of less outside air-
flow, which reduced the heating energy for warming this air. A total of 96,600 kWh of electrical 
energy and 5,600 therms of natural gas are estimated to be saved during a year operating period. 
This represents a total energy cost savings provided by the DCV controls of $11,000 per year. 
Sections 4.1 and 5.1 contain information on how these values were obtained. 

6.1.1 Fan Motor  Electr ical Savings 

The effect of the DCV controls on these kitchen hood exhaust fan and MAU supply fan electrical 
energy use is savings of almost half. This is due to the fact that the fan horsepower varies as the 
cubic of the speed reduction of the fans. So a reduction to 80% of the fan speed equals a reduc-
tion to 80% of the airflow and also equals a lower fan motor power reduction of 51.2% (0.8 x 0.8 
x 0.8) of the initial power use. To get the actual electrical use at the lower fan speed the fan belt 
loss and motor efficiency must be applied to the calculated fan motor horsepower. Table 6.1 lists 
the annual power savings and cost savings provided by the DCV controls based on motor watt-
age readings. The data in Table 6.1 show an annual cost savings of $7,200 using an electrical en-
ergy cost of $0.0748 per kWh. 

Table 6.1.  For t Lee Bldg. 18208 Fan Motor Electr ical Power Savings. 
Electr ical 
User  

kWh/day 
Saving Days/yr  kWh/yr Cost/kWh 

Annual Cost 
Saving 

EF-1 73.9 365 26,974 $0.0748 $2,018 
MAU-1 37.7 365 13,761 $0.0748 $1,029 
EF-2 98.4 365 35,916 $0.0748 $2,687 
MAU-2 54.6 365 19,929 $0.0748 $1,491 
Total 264.6 365 96,580 $0.0748 $7,224 

6.1.2 Heating and Cooling Energy Savings 

The reduction in fan speed occurs during times when cooking levels are low. Reduced kitchen 
hood exhaust air results in a reduced amount of replacement air coming into the kitchen. Thus 
less outdoor air is needed to ventilate the kitchen, which saves heating energy in the winter and 
cooling energy in the summer. Table 6.2 lists the fan power and airflow rate savings. Note that 
exhaust airflow savings are greater than the MAU savings. This additional reduction in exhaust 
air results in less outdoor entering the building by infiltration or in the other building AHUs. 

Table 6.3 lists the heating energy savings. The estimated natural gas energy savings totaled 644 
million Btu (6,436 therms) per year. This amounts to a heating energy cost savings of $3,600 per 
year. Table 6.4 lists the cooling energy savings. The reduced outside airflow saved an estimated 
27.8 million Btu per year in cooling energy. Using a Coefficient of Performance (CoP) of 3 this 
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equals 2,700 kWh per year. The heating and cooling energy savings were estimated using the 
Outdoor Air Load Calculator. 

Table 6.2.  For t Lee Bldg. 18208 Estimated Air Flows Due to Fan Motor Speed Reduction. 

Ventilation 
Equipment 

Pre-
Retrofit 

kW 

Assumed 
Pre-Retrofit 

VSD%  

Measured 
Airflow 

Rate CFM 

Post-
Retrofit 

kW 

Average 
Post-

Retrofit 
Calculated 

VSD%  

Estimated 
Post-Retrofit 
Airflow Rate 

CFM 

Airflow 
Savings 

CFM 

Airflow 
Savings 

%  
EF-1 6.4 100 16,881 3.3 67.88 11,459 5,422 32% 

MAU-1 3.4 100 14,441 1.9 67.57 9,758 4,683 32% 
EF-2 8.9 100 18,148 4.8 77.50 14,065 4,083 23% 

MAU-2 4.8 100 14,193 2.5 74.78 10,613 3,580 25% 

Table 6.3.  For t Lee Bldg. 18208 Heating Energy Savings. 

Supply Air 
Unit 

Airflow 
Savings, 

CFM 

Heating 
Saving, 
kBtu 

Heating 
System 

Efficiency 

Annual 
Heating 
Saving, 
Therms Cost/ Therm 

Heating Cost 
Savings 

EF-1 5,422      
MAU-1 4,683 253,647 80% 3,171 $0.55608 1,763 
EF-2 4,083      
MAU-2 3,580 193,905 80% 2,424 $0.55608 1,348 
Infiltration 1,243 67,299 80% 841 $0.55608 468 
TOTAL    6,436 $0.55608 3,579 

Table 6.4.  For t Lee Bldg. 18208 Cooling Electr ical Energy Savings. 

Supply Air 
Unit CFM 

Cooling 
Load 

Savings 
kBtu 

Cooling 
Electr ical 
kWh/yr  Cost/kWh 

Cooling Cost 
Savings 

MAU-1 4,683 15,756 1,539 $0.0748 $115 
MAU-2 3580 12,045 1,176 $0.0748 $88 
Total  27,801 2,715 $0.0748 $203 

6.1.3 Thermal Comfor t Results 

In a telephone conversation on 23 April 2013 with Ms. Tomes, DFAC 18028 manager, there are 
no concerns or issues with the new kitchen hood controls. There have been no reported com-
plaints with warmer space temperatures and a more noisy condition in the kitchen. The hood 
control system has been working satisfactorily. 

6.2  Ellswor th AFB System Performance Assessment 

At Ellsworth AFB, the DCV controls provided electrical and natural gas energy savings. The 
electrical savings are the result of reduced fan motor energy. The natural gas savings are the re-
sult of less outside airflow, which reduced the heating energy. Estimated annual energy savings 
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include 5,200 kWh of electrical energy and 1,200 therms of natural gas. This represents a total 
energy cost savings of $1,200 per year. Sections 4.2 and 5.2 contain information on how these 
values were obtained. 

6.2.1 Electr ical Savings 

6.2.1.1  Burger  King Fan Power  Energy Savings 

Table 6.5 lists the results of the electrical energy savings calculations. The average weighted 
electrical use is based on assuming 13 hours of hood operation Monday through Saturday and 11 
hours on Sunday, and that the ventilation system was shut off after hours. 

Table 6.5.  Burger King Daily Typical Electr ical Energy Savings Estimate. 

 

Average Hourly  
kW 

Average Weighted 
Daily kWh 

Pre-Retrofit Power 1.14 14.4 
Post-Retrofit Power 0.62 7.8 
Savings 0.52 6.6 
Savings %  46% 

The annual savings would be 2,343 kWh (assuming 10 holidays per year with complete shut-
down) and $187.44 per year at $0.08/kWh and no demand charge. 

6.2.1.2  Char ley’s Fan Power  Energy Savings 

Table 6.6 lists the results of the daily energy savings estimate. It is based on assuming 11 hours 
of exhaust hood and MAU operation on weekdays, 8.5 hours on Saturdays, and 6 hours on Sun-
days. It assumes that the exhaust and MAU fans are completely shut off at night and startup oc-
curred according to schedule (0800 hours instead of 0600 hours during weekdays). The actual 
post-retrofit average daily power was 8.2 kWh due to overnight operation and early startup in the 
mornings. The actual savings was only 2.64 kWh per day. Assuming the ventilation system is 
shut off at night, the potential savings are 5.32 kWh per day. 

Using the actual savings of 2.64 kWh/day over a 355 day per year schedule, the annual electrical 
savings would be 937 kWh, for a cost savings of $75 assuming the electrical cost is $0.08/kWh. 
The 355 days per year is based on 10 holidays in the year when the BX would be closed. If the 
potential amount of 5.32 kWh per day is taken, then the annual savings would be 1,889 kWh per 
year, for a cost savings of $151. 

Table 6.6.  Char ley’s Daily Actual and Potential Electr ical Energy Savings Estimate. 

 

Average Hourly  
kW 

Potential Average  
Weighted Daily kWh 

Actual Average Weighted  
Daily kWh 

Pre-Retrofit Power 1.07 10.64 10.64 
Post-Retrofit Power 0.54 5.33 8.2 
Savings 0.54 5.32 2.64 
Savings % 

 
50% 25% 
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6.2.2 Heating Energy Savings 

Burger King Heating Savings 

To estimate heating savings, the average reduction in airflow rates are calculated using the VFD 
fan speed data. Figure 6-1 shows the VFD data for the Burger King exhaust fan. Cooling is not 
provided by the MAU so no savings are identified. The average post-retrofit exhaust fan speed 
percentage was 67.7% during normal operating hours. The pre-retrofit measured exhaust rate 
was 2,788 CFM. The post-retrofit average exhaust rate is calculated to be 1,887 CFM, resulting 
in an average savings of about 900 CFM. 

On most nights, the Melink controls allowed the exhaust fan to run overnight at 20%. The power 
level at this speed is very low, below 100 Watts, but the controls should allow the fan to be shut 
off. The fan ran at 50% speed on 8 out of 29 nights. The reason for the higher level is not known, 
but is likely caused by an appliance left idling overnight. 

The Outdoor Air Load Calculator was used to estimate the savings in makeup air heating. Ap-
pendix E contains calculation details. Rapid City, SD, was selected as the weather data site for 
the calculations. Since Burger King relies on outside air introduced by air handing units in the 
Base Exchange, there is no MAU to control based on exhaust hood fan speed. The assumed 
setpoints were 60 °F for heating based on inspection of the DAT from AHU-4. Table 6.7 lists a 
summary of estimated energy and cost savings, assuming that outside ventilation air demand af-
fects the infiltration and thus lowers the heating required from AHU-4. 
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Figure 6-1.  Burger  King Exhaust Fan Speed with Hood Controls. 
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Table 6.7.  Burger King Annual Heating Load Cost Savings. 
Parameter  Measure 
Heating Load 59,724 kBtu 
Gas Furnace Efficiency 80% 
Gas Input 74,655 kBtu 
Gas Input 747 Therms 
Gas @ $0.75/Therms $559.91 Cost Savings 

Charley’s Heating Savings 

To estimate heating savings, the average reduction in airflow rates are calculated using the VFD 
fan speed data. The average post-retrofit exhaust fan speed percentage was 67.0% during operat-
ing hours. The pre-retrofit measured exhaust rate was 3,034 CFM. The post-retrofit average ex-
haust rate is calculated to be 2,033 CFM, resulting in an average savings of about 1,000 CFM. 

The average post-retrofit MAU fan speed was 66% during operating hours. The pre-retrofit 
measured makeup air rate was 2,222 CFM. The post-retrofit average exhaust rate is calculated to 
be 1,467 CFM, resulting in an average savings of about 755 CFM. The site report in Appendix E 
provides more energy use information. 

The pre-retrofit makeup air from another air supply air unit (assumed to be AHU-4) was about 
812 CFM. AHU-4 would still supply about 566 CFM of makeup air for the exhaust hood under 
the post-retrofit conditions so savings for AHU-4 would be about 246 CFM. Table 6.8 lists the 
pre- and post-retrofit estimated average air balance. 

Table 6.8.  Char ley’ Pre- and Post-Retrofit Air Balance. 

Kitchen Ventilation Balance Pre-Retrofit CFM 
Post-Retrofit  

Average Speed 
Post-Retrofit  

Average CFM Savings CFM 
Charley’s Exhaust rate CFM 3,034 67.0% 2,033 1,001 
Charley’s MAU rate CFM 2,222 66.0% 1,467 755 
Makeup Air from RTU-4 812  566 246 

The Outdoor Air Load Calculator was used to estimate the savings in makeup air heating and 
cooling energy. Rapid City, SD, was selected as the weather data site for the calculations. Char-
ley’s relies on an MAU and outside air introduced by air handing units in the Base Exchange. 
The MAU setpoint was assumed to be 55 °F based on the MAU DAT data; setpoints for AHU-4 
were assumed to be 60 °F for heating and 70 °F for cooling based on inspection of the DAT from 
AHU-4. The data in Table 6.9 summarize estimated energy and cost savings, assuming that out-
side ventilation air could be modulated based on changes in exhaust hood fan speed. 
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Table 6.9.  Char ley’s Annual Heating Load Cost Savings. 
Parameter  Measure 
Heating Load 33,571 kBtu 
Gas Furnace Efficiency 80% 
Gas Input 41,964 kBtu 
Gas Input 420 Therms 
Gas @ $0.75/Therms $314.73 Cost Savings 

The energy savings provided by the DCV hood controls are not very high. This is due to the size 
of ventilation equipment being controlled. The percent savings were within expectations, but the 
total system energy use is very modest and thus the resulting savings were not significant. The 
data in Table 6.10 summarize the anticipated annual energy cost savings based on proper opera-
tion of the HVAC and DCV controls, and on proper maintenance of the monitored equipment. 

Table 6.10 lists the total energy savings, slightly more than $1,200 per year, which is not enough 
to justify the cost of the DCV installation. Additional savings may be possible given an im-
provement in operation of the ventilation equipment, but not enough to provide an economically 
attractive project. 

The kitchen personnel at these food establishments could not be reached for comments regarding 
space conditions after the installation of the DCV control system. 

Table 6.10.  Energy Cost Savings Estimate for Burger King and Char ley’s. 
Energy Category Burger King Charley’s 
Fan Energy $187.44 $151.05 
Heating Makeup Air $559.91 $314.73 
Totals $747.35 $465.78 

6.3  For t Carson System Performance Assessment 

At Fort Carson Bldg. 1444, the DCV controls provided electrical and natural gas energy savings. 
The electrical savings are the result of reduced fan motor energy. The natural gas savings are the 
result of less outside airflow, which reduced the MAU heating energy. The estimated annual total 
savings are 16,600 kWh of electricity and 7,000 therms of natural gas. This represents a total en-
ergy cost savings of $4,500 per year. Sections 4.3 and 5.3 contain information regarding how 
these values were obtained. 

6.3.1 Electr ical Energy 

The data in Table 6.11 summarize the pre- and post-retrofit fan motor energy use and the result-
ing savings on a daily basis. EF-6 and MAU-2 were powered from the same circuit breaker dur-
ing the pre-retrofit period. Since MAU-2 was put on its own electrical breaker during the retrofit, 
the energy use during the post-retrofit period is broken out for EF-6 and MAU-2. The average 
power savings were almost 60 %. Table 6.12 lists the annual electrical savings. 
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Table 6.11.  For t Carson, Bldg. 1444 Estimated Daily Fan Energy Electr icity Savings. 
Fan Energy Use (kWh/day) Pre-Retrofit Post-Retrofit Savings 
EF-6 and MAU-2 60.29 21.70 * 38.59 
MAU-2 

 
6.90 (6.90) 

EF-8 20.02 6.28 13.74 
Totals 80.31 34.88 45.43 

   
57% 

*electrical use for EF-6 only 

Table 6.12.  For t Carson, Bldg. 1444 Estimated Annual Fan Energy Electr icity Savings. 
Fan Motor kWh/day Saving Days/yr  kWh/yr  Cost/kWh Cost Saving 
EF- 8 13.74 365 5015.1 $0.06 $300.91 
EF-6  38.59 365 14085.35 $0.06 $845.12 
MAU-2 -6.9 365 -2518.5 $0.06 $ (151.11) 
Total 45.43 365 16581.95 $0.06 $994.92 

6.3.2 Heating Energy Savings 

The natural gas savings are the result of reduced outside airflow, which reduced the heating en-
ergy used by MAU-2. The data in Table 6.13 indicate that the average airflow after the DCV 
control installation approached 50% of the original airflow. Table 6.14 lists annual heating load 
cost savings. 

Table 6.13.  For t Carson, Bldg. 1444 Pre- and Post-Retrofit Exhaust and Makeup Air Flow 
Rates. 

Pre-Retrofit Post-Retrofit 

 

Design 
CFM 

Measured CFM  
at 100%  fan 

speed %  of Design 
Post-Retrofit 

avg. CFM 
Savings%  compared to 

rates Pre-Retrofit 
EF-6 12,000 9,526 79% 5,104 46.4% 
MAU-2 9,600 6,344 66% 3,473 45.3% 
EF-8 4,000 1,246 31% 670 46.2% 
 25,600 17,116 67% 9,247 46.0% 

Table 6.14.  For t Carson, Bldg. 1444 Annual Heating Load Cost Savings. 

Air Flow Source CFM 

Outdoor Air Load 
Calculator Saving, 
Heating kBtu 

 Heating 
System 
Efficiency  

Annual Heating 
Saving, Therms 

 Cost/ 
Therm  

Heating 
Cost 
Savings 

MAU-2 2871 323,653 80% 4046     
Infiltration 2127 239,781 80% 2997     
Total       7043 $ 0.50  $3,521  

The electrical savings of $995 added to the natural gas savings of $3,521 provide a total estimat-
ed savings of $4,516 per year. The energy savings provided by the DCV hood controls are not as 
great as would be expected for this type of installation. The savings are lower than expected due 
to the abnormally low exhaust airflow, which is two thirds of the original design value. The 
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MAU airflow was also reduced by a similar amount. The DCV controls further reduced airflow 
to an average value that is approximately half the pre-retrofit airflows. Energy cost savings are 
also lower than expected due to much lower energy unit costs. The value of $0.50 per therm is 
significantly lower than natural gas costs of a few years ago when prices in the range of $1.00 to 
$1.50 per therm were common. This cost reduction is due to the increase of natural gas produc-
tion in the United States. 

The kitchen personnel at the DFAC did not provide any comments regarding space conditions 
after the installation of the DCV control system. 

6.4  USAFA System Performance Assessment 

At USAFA Bldg. 5812, the DCV controls provided electrical and natural gas energy savings. 
The electrical savings are the result of reduced fan motor energy. The natural gas savings are the 
result of less outside airflow, which reduced the MAU heating energy. The estimated annual total 
savings are 31,900 kWh of electricity and 6,720 therms of natural gas. This represents a total en-
ergy cost savings of $5,300 per year. Sections 4.4 and 5.4 contain information on how these val-
ues were obtained. 

6.4.1 Electr ical Energy Savings 

The data in Table 6.15 summarize the pre- and post-retrofit fan motor energy use and the result-
ing daily electrical savings for EF-1. Table 6.16 lists the same information for MAU-1. The av-
erage savings approaches 40% for the exhaust fan and 60% for the MAU. Table 6.17 lists the 
annual electrical energy savings of this equipment. 

Table 6.15.  USAFA, Bldg. 5812 Summary of Electr ical Power Use of EF-1. 
EF-1  Weekdays Weekends All Days 
Pre-Retrofit kWh/day 79.48 97.45 84.07 
Post-Retrofit kWh/day 49.38 56.44 51.61 
Pre-Retrofit Average Power kW/24hr 3.31 4.06 3.5 
Post-Retrofit Average Power kW/24hr 2.06 2.35 2.15 
Savings kWh/day 30.11 41.00 32.46 
Savings kW 1.25 1.71 1.35 
kWh/day Savings % 38% 42% 39% 

Table 6.16.  USAFA, Bldg. 5812 Summary of Electr ical Power Use of MAU-1. 
MAU-1 Weekdays Weekends All Days 
Pre-Retrofit kWh/day 214.95 225.30 218.01 
Post-Retrofit kWh/day 88.89 102.34 93.14 
Pre-Retrofit Average Power kW/24hr 8.96 9.39 9.08 
Post-Retrofit Average Power kW/24hr 3.70 4.26 3.88 
Savings kWh/day 126.06 122.97 124.87 
Savings kW 5.3 5.1 5.2 
kWh/day Savings % 59% 55% 57% 
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Table 6.17.  USAFA, Bldg. 5812 Annual Electr ical Energy Savings. 
Electr ical Motor  kW Saving Hours/yr  kWh/yr  Cost/kWh Cost Saving 
EF-1 1.35 4,868 6,572 $ 0.06 $ 394 
MAU-1 5.2 4,868 25,314 $ 0.06 $ 1,519 
Total 6.55 4,868 31,885 $ 0.06 $ 1,913 

6.4.2 Heating Energy Savings 

The reduction in ventilation rates also has an air tempering energy saving. The average airflow 
rate for EF-1 was 14,861 CFM before the DCV controls were installed. Since the fan speed was 
about 65% of full flow, the average flow was 9,596 CFM after the installation, resulting in a sav-
ings of 5,266 CFM. The reduction in airflow for MAU-1 was 3,604 CFM. 

Note that exhaust airflow savings are greater than the MAU savings. This additional reduction in 
exhaust air results in less outdoor entering the building by infiltration or through the other build-
ing AHUs. The difference in airflow (1661 CFM) between the reduced exhaust airflow and the 
reduced make-up air rate will reduce building infiltration or airflows in other building AHUs. 
The data in Table 6.18 provide a summary of the calculations. 

The Outdoor Air Load Calculator was used to calculate the annual heating load savings. The data 
in Table 6.19 indicate that these loads were adjusted for the time that the Prep School is open. 
During several multi-day periods throughout the year, there are no students present and the din-
ing facility is closed. The resulting annual heating load for MAU-1 is 368 million Btu and 170 
million Btu for reduced infiltration. Inputs to the program were Colorado Springs, CO location, 
330 to 2000 hours of operation, 70 °F leaving air temperature and the appropriate CFM values. 
The data in Table 6.20 indicate that the resulting heating load of 538 million Btu/yr equates to 
6,700 therms of heating energy saved, assuming a heating system efficiency of 80%. The total 
annual natural gas cost savings is estimated to be $3,360. 

Table 6.18.  USAFA, Bldg. 5812 Pre- and Post-Retrofit Exhaust and Makeup Air Flow 
Rates. 

 
EF-1 MAU-1 

Average Pre-Retrofit Power (kW) 3.50 8.96 
Average Post-Retrofit Power (kW) 2.15 3.88 
Design Air Flow Rate (CFM) 15,500 12,400 
Pre-Retrofit Air Flow Rate (CFM) 14,861 11,391 
Average Post-Retrofit Fan Speed (VSD%) 64.57 68.36 
Average Post -Retrofit Air Flow Rate (CFM) 9,595 7,787 
Air Flow Rate Savings (CFM) 5,266 3,604 
Infiltration Air Flow Rate Savings for Heating Due to 
Reduced Exhaust Rate (CFM) 1,661  
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Table 6.19.  USAFA, Bldg. 5812 Annual Heating Load Cost Savings. 

 
MAU-1  

Average Air Flow Reduction of 3,604 CFM 
Infiltration 

Average Air Flow Reduction of 1,661 CFM 

Heating 
kBtu 

Monthly 
Savings 

Daily 
Average 

Assumed 
Days Off 

Adjusted 
Monthly 
Savings 

Monthly 
Savings 

Daily 
Average 

Assumed 
Days Off 

Adjusted 
Monthly 
Savings 

Airflow 
CFM 3,604 — 

  
1,661 

   
Jan 75,041 2,421 7 58,096 34,585 1,116 7 26,775 
Feb 57,764 2,063 — 57,764 26,622 951 — 26,622 
Mar 58,297 1,881 7 45,133 26,868 867 7 20,801 
Apr 39,117 1,304 — 39,117 18,028 601 — 18,028 
May 21,666 699 11 13,978 9,985 322 11 6,442 
Jun 8,817 294 30 — 4,064 135 30 — 
Jul 4,034 130 8 2,993 1,859 60 8 1,379 
Aug 5,560 179 — 5,560 2,563 83 — 2,563 
Sep 14,614 487 — 14,614 6,735 225 — 6,735 
Oct 27,296 881 — 27,296 12,580 406 — 12,580 
Nov 51,541 1,718 — 51,541 23,754 792 — 23,754 
Dec 67,214 2,168 7 52,037 30,977 999 7 23,982 
Annual 
Heating 
Load [kBtu] 

430,961 
 

70 368,129 198,620 6,556 70 169,662 

Table 6.20.  USAFA, Bldg. 5812 Annual Heating Load Cost Savings. 

Air Flow 
Source CFM 

Outdoor Air Load 
Calculator Saving, 

Heating kBtu 

Heating 
System 

Efficiency 

Annual 
Heating 
Saving, 
Therms Cost/ Therm 

Heating Cost 
Savings 

MAU-1 3,604 368,129 80% 4602 $ 0.50 $ 2,301 
Infiltration 1,662 169,662 80% 2121 $ 0.50 $ 1,060 
Total 

   
6722 $ 0.50 $ 3,361 

There was no significant rise in space temperature in the kitchen due to a slightly reduced venti-
lation rate after the DCV system was installed. The kitchen personnel at this DFAC did not pro-
vide any comments regarding space conditions after the installation of the DCV control system. 
It was reported that the DCV control system had experienced operational problems and the hood 
control had been switched back to manual operation.  

There were two issues on this site. The first issue was related to preventative maintenance that 
was being performed on the site. The site maintenance personnel were closing the motor sheave 
to tighten the belts on the units. This is an improper method as it increases fan speed and sends 
the motor into an over-amperage state. The addition of VFD’s to the site brought the issue to 
light because VFD’s more accurately monitor load data than the standard mechanical overload. 
This issue was resolved by properly adjusting the motor sheave and belt tension. 
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The second issue was related to a failed temperature probe. This was resolved after it was dis-
covered that a temperature probe had failed, forcing the system to run 100%. Temperature probe 
failures are very rare (and random). They are generally found within the first few weeks of 
commissioning. The corrective action was to replace the probe and verify the programming. 

6.5  Typical DCV Control system for  Application across DoD 

The size of investment for this technology requires that certain parameters be met to justify the 
installation cost. Not all of the parameters have to be met, but a majority of the following should 
exist before installing DCV controls: 

• Relatively large exhaust hood (minimum of 5,000 CFM) 
• Climate requiring significant heating and or cooling of makeup air 
• Relatively long operating hours 
• Medium to high utility costs. 

To put this in a better perspective, a typical dining facility will be evaluated for the DCV control 
system. The dining facility identified as Bldg. 1444 at Fort Carson comes very close to being this 
typical facility. The hood sizes, their number, and their placement are very common for most of 
the Army’s DFACs. Bldg. 1444 has a building area of 28,600 sq. ft. and 300 seats for eating. 
Almost 300 facilities have the same or larger seating capacity as Bldg. 1444. Of these, 378 are 
10,000 sq. ft. in size or larger. 

As for the kitchen ventilation system, Bldg. 1444 has one exhaust fan for the double sided wall-
mounted exhaust hoods. Other DFAC may have two smaller exhaust fans, one for each side. The 
other reasonably large hood has its own exhaust fan, which is typical. One makeup air unit oper-
ates in unison with the large exhaust fan. This is also typical. In Bldg. 1444, no similar MAU is 
interlocked electrically with the other exhaust fan. This is not typical. However, the airflows 
used in the design are typical. Table 6.21 lists the airflows that will be used in the typical DFAC 
analysis where heating and cooling is provided by the MAUs. In kitchens where no cooling is 
provided the pressure loss due to airflow through the MAU is less and thus a smaller horsepower 
motor is used. Table 6.22 lists those values. 

Table 6.21.  Typical Kitchen Hood Ventilation with Heating & Cooling Provided. 

Ventilation Equipment Fan Motor hp 
VSD @ 100%  VSD @ 65%  

Fan Motor kW 100%  CFM Fan Motor kW CFM 
EF-1 7.5 5.04 12,000 1.64 7,800 
MAU-1 Heating & Cooling 7.5 5.04 9,600 1.79 6,240 
EF-2 1.5 1.01 4,000 0.33 2,600 
MAU-2 Heating & Cooling 3 2.01 3,200 0.72 2,080 
Totals 19.5 13.09 28,800 4.48 18,720 
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Table 6.22.  Typical Kitchen Hood Ventilation with Heating & No Cooling Provided. 

Equipment hp 
VSD @ 100%  VSD @ 65%  

Fan kW 100%  CFM Fan kW CFM 
EF-1 7.5 5.04 12,000 1.64 7,800 
MAU-1 Heating Only 5 3.436 9,600 1.19 6,240 
EF-2 1.5 1.01 4,000 0.33 2,600 
MAU-2 Heating Only 2 1.34 3,200 0.48 2,080 
Totals 16 10.74 28,800 3.64 18,720 

The United States has eight temperature zones, some of which have subzones due to the humid 
conditions within the temperature zones. The result is 15 unique climate zones, in which each 
zone contains a city considered representative of the whole zone. Table 6.23 lists those cities 
considered to have heating and cooling provided by the MAUs, and those that have only heating. 

Table 6.23.  Climate Zone Cities. 
Climate 
Zone City 

Type of Air 
Tempering 

1A Miami, FL Heating & Cooling 
2A Houston, TX Heating & Cooling 
2B Phoenix, AZ Heating & Cooling 
3A Memphis, TN Heating & Cooling 
3B El Paso, TX Heating & Cooling 
3C San Francisco, CA Heating 
4A Baltimore, MD Heating & Cooling 
4B Albuquerque, NM Heating & Cooling 
4C Seattle, WA Heating 
5A Chicago, IL Heating 
5B Colorado Springs, CO Heating 
6A Burlington, VT Heating 
6B Helene, MT Heating 
7A Duluth, MN Heating 
8A Fairbanks, AK Heating 

With the exhaust and supply airflows identified for the typical DFAC, the fan motor energy use 
can be determined. Based on the observations at the test sites and operating experience from oth-
er sites, the average motor speed with the use of DCV controls during the operating hours of the 
kitchen is 65% of full airflow. This results in a fan motor horsepower use of approximately 35% 
of the power used at full flow. The data in Tables 6.21 and 6.22, which list the average airflow 
reduction for this equipment, may also be used to compare reduced electrical power with the full 
airflow values for the ventilation equipment. 

Electrical and thermal energy savings can then be determined for the typical kitchen hood venti-
lation system at the Fort Carson climate location. The annual electrical power saved can be cal-
culated by multiplying [the electrical savings (determined by subtracting the electrical power at 
the DCV average speed from the power at full speed)] times [the hours the kitchen is open (105 
hours per week times 52 weeks per year)]. Table 6.24 lists the resulting values, which show that 
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the total electrical power saved is approximately 38,800 kWh per year. This compares to the 
measured power saved at Bldg. 1444 of 16,600 kWh where the airflows were much lower than 
expected.  

Multiplying this value time the electrical cost for Fort Carson yields the annual cost savings pro-
vided by the 38,800 kWh, approximately $2,300 per year. Applying the average DOD electrical 
cost of $0.0877 per kWh to these electrical savings shows an annual cost reduction of $4,000. 

Table 6.24.  Typical Kitchen Annual Fan Motor  Electr ical Savings from DCV Controls. 
Electr ical Fan 
Motor  

Electr ical 
Saving, kW 

Annual 
Operating Hours 

Electr ical Use, 
kWh/yr  

Electr ical 
Cost/kWh 

Annual Cost 
Saving 

EF- 1 3.39 5,460 18,523 $ 0.06 $ 1,111 
MAU-1 2.16 5,460 11,811 $ 0.06 $ 709 
EF-2 0.68 5,460 3,705 $ .06 $ 222 
MAU-2 0.87 5,460 4,724 $ 0.06 $ 283 
Total 7.10 

 
38,763 $ 0.06 $ 2,326 

The reduced airflow provided by the DCV controls also creates a thermal energy savings. In the 
Fort Carson Climate Zone (represented by Colorado Springs, CO), the MAU provides no cooling 
so savings are associated only with heating energy. The average airflow with DCV controls is 
65% of full flow, which results in an average reduced exhaust airflow of 5,600 CFM. Since the 
MAUs reduced airflow is 4,480 CFM, the remaining 1,120 CFM reduced airflow entered the 
building from infiltration or other AHUs (labeled as “infiltration” savings in Table 6.25). The 
Outdoor Air Calculator identified a heating demand savings of 560 million Btu per year (Table 
6.25). With a heating system efficiency of 80%, the resulting annual heating natural gas savings 
are 7,000 therms. At the Fort Carson natural gas cost of $0.50 per therm, annual energy cost sav-
ings are $3,500. These thermal savings are comparable to those based on the measured savings at 
Bldg. 1444 (7,007 therms vs. 7,043 therms). Applying the DOD average natural gas cost of 
$0.60203 to the 7,000 therm savings yields annual cost savings of $4,200. 

Table 6.25.  Typical Kitchen Annual Thermal Energy Savings from DCV Controls. 

Air Flow Source 
Savings 

Air Flow 
Reduction, 
CFM 

Outdoor Air 
Load Calculator 
Saving, Heating 
kBtu 

Heating 
System 
Efficiency 

Annual 
Heating 
Saving, 
Therms/yr  Cost/ Therm 

Annual 
Heating Cost 
Savings 

MAU-1 & 2 4480 448,451 80% 5,606 $ 0.50 $ 2,803 
Infiltration 1120 112,113 80% 1,401 $ 0.50 $ 701 
Total 

 
560,564 

 
7,007 

 
$ 3,504 

The total annual energy cost savings by the DCV controls by these air flow reductions during the 
kitchen operating hours is $5,800 using the Fort Carson energy cost values. When the average 
DoD cost values are applied to these energy saving the cost savings increase to $7,600.  

From our analysis of the electrical power measurements of the kitchen hood ventilation equip-
ment showed that this equipment was no always turned off during the unoccupied times when in 
manual operation. Nighttime measurements showed that this equipment was left running an av-
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erage of 25% of the time. The installed DCV yields an additional energy savings “bonus” by en-
suring that ventilation equipment is off when the building is unoccupied.  

These additional energy savings are estimated and added to the other savings as follows. Using 
the electrical power under full airflow for a period of 821 hours per year, the annual electrical 
power savings is 8,800 kWh/yr. The data in Table 6.26 indicate that, using the Fort Carson elec-
trical rates, annual cost savings are $530. The total electrical savings then becomes 47,600 kWh 
for a cost savings of $2,900 per year. With the average DOD electrical costs, the annual electri-
cal cost savings increases to $4,200.  

Table 6.27 lists the thermal energy savings of avoiding the outdoor airflow of 16,000 CFM for 
821 hours per year. This thermal energy savings of 4,300 therms results in an addition cost sav-
ings of $2,100 using Fort Carson natural gas costs for a total natural gas savings of $5,600 per 
year. Using DOD average natural gas costs the annual heating cost savings is $6,800 per year.  

The total annual energy cost savings of the typical kitchen using the DoD average energy costs 
then become approximately $11,000. These values are shown in Table 6.28 along with the annu-
al savings of $5,800 per year reported for Bldg. 1444 at Fort Carson using site energy costs.  

The predicted savings of the typical DFAC kitchen DCV control system using DOD average en-
ergy costs is almost twice that identified for Fort Carson Bldg. 1444. This can be explained by 
three factors: (1) Bldg. 1444 airflows were very low, (2) the savings value did not assume sav-
ings for equipment not being turned off during off hours, and (3) the average Army energy costs 
were higher. 

Table 6.26.  Electr icity Savings from Avoiding Hood Ventilation Dur ing Night Unoccupied 
Hours. 

Electr ical 
Fan Motor 

Fan 
Motor 
hp 

Fan Motor 
Initial kW 

Annual 
Operating 
Hours 

Annual 
Electr ical 
Savings, 
kWh/yr  

 Electr ical 
Cost/kWh  

Annual 
Cost Saving 

 EF-1  7.5 5.0 821 4135 $ 0.06 $ 248 
 MAU-1  5 3.4 821 2757 $ 0.06 $ 165 
 EF-2  1.5 1.0 821 827 $ 0.06 $ 50 
 MAU -2  2 1.3 821 1103 $ 0.06 $ 66 
 Total  16 10.74 

 
8822 

 
$ 529 

Table 6.27.  Thermal Energy Savings from Avoiding Hood Ventilation Dur ing Night 
Unoccupied Hours. 

Air Flow 
Source Savings 

Air Flow 
Reduction, 
CFM 

Outdoor Air 
Load 
Calculator 
Saving, Heating 
kBtu 

Heating 
System 
Efficiency 

Annual 
Heating 
Saving, 
Therms Cost/ Therm 

Annual 
Heating Cost 
Savings 

MAU-1 & 2 12,800 1,096,342 80% 3,426 $ 0.50 $ 1,713 
Infiltration 3,200 274,085 80% 857 $ 0.50 $ 428 
TOTAL 

   
4,283 

 
$ 2,141 
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Table 6.28.  Compar ison of For t Carson Energy Savings  vs. Typical Dining Facility Energy 
Savings Using DoD Average Energy Unit Costs. 

Energy Type Bldg. 1444 Use 
Bldg. 1444 

Cost Savings Typical Kitchen Use 
Typical Kitchen 

Cost Savings 
Electrical 16,582 kWh/yr $995 47,585 kWh/yr $4,173 
Natural Gas 7,043 therms/yr $3,504 11,290 therms/yr $6,797 
Total 761 Million Btu/yr $4,516 1,291 Million Btu/yr $10,970 

Table 6.29 lists the energy saving and their resulting energy cost savings for the typical kitchen 
application for sites throughout the United States. For locations where cooling of the kitchen is 
normal practice, cooling electrical savings are added to the fan motor electrical savings. Since 
this analysis assumes that the cooling setpoint is set for 80 °F, the hottest regions provided the 
greatest cooling electrical savings. Climate Zone 2B, represented by Phoenix, provided the larg-
est savings. These savings were determined using the Outdoor Air Load Calculator with the air-
flow inputs discussed above, and operating hours from 500 to 2000 hours. 

Table 6.29.  Typical Kitchen DCV Control Energy Savings in 15 Climate Zone Cities. 

Climate 
Zone City 

Type of Air 
Tempering 

Fan Motor 
Energy 
Savings, 
kWh/yr  

Heating 
Energy 
Savings, 

Therms/yr  

Cooling 
Electr ical 
Savings, 
kWh/yr  

Total Building 
Energy 
Savings, 

MMBtu/yr 

Annual 
Energy 
Costs 

Savings 

1A Miami, FL Heating & Cooling 57,783 700 5,260 285 $ 5,951 

2A Houston, TX Heating & Cooling 57,783 4,052 4,684 618 $ 7,918 

2B Phoenix, AZ Heating & Cooling 57,783 3,493 22,007 622 $ 9,101 

3A Memphis, TN Heating & Cooling 57,783 7,016 3,880 912 $ 9,632 

3B El Paso, TX Heating & Cooling 57,783 5,368 5,541 753 $ 8,785 

3C San Francisco, CA Heating 47,585 8,735 0 1,036 $ 9,432 

4A Baltimore, MD Heating & Cooling 57,783 10,614 1,640 1,264 $ 11,602 

4B Albuquerque, NM Heating & Cooling 57,783 8,262 1,814 1,030 $ 10,201 

4C Seattle, WA Heating 47,585 11,286 0 1,291 $ 10,967 

5A Chicago, IL Heating 47,585 13,403 0 1,503 $ 12,242 

5B Colorado Springs, CO Heating 47,585 11,290 0 1,291 $ 10,970 

6A Burlington, VT Heating 47,585 16,187 0 1,781 $ 13,918 

6B Helene, MT Heating 47,585 14,538 0 1,616 $ 12,926 

7A Duluth, MN Heating 47,585 19,964 0 2,159 $ 16,192 

8A Fairbanks, AK Heating 47,585 28,782 0 3,041 $ 21,501 
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7.0  

7.1  Cost Model 

ECONOMIC ANALYSIS OF DCV CONTROLS 

7.1.1 Installation Cost Considerations 

A number of factors can affect the overall cost of the Intelli-Hood system, making it difficult to 
make accurate cost assumptions. Among the most significant cost factors are electrical labor, in 
which both VFD requirements, and project and equipment location are driving factors. Table 7.1 
lists a number of the key variables that can increase system cost. Additionally, to provide an ac-
curate proposal, a site survey should be completed by a qualified exhaust hood controls repre-
sentative and a licensed electrician in which kitchen/site layout, hood information, and exhaust 
and supply fan data is collected. 

Table 7.1.  Site Factors that Influence Installed DCV Control System Cost. 
Electrical labor cost 

• Electrical cost, which can vary significantly from city to city 
• Prevailing wage requirements (also increases Melink Technician labor cost) 

VFD requirements 
• Bypass 
• National Electrical Manufacturers Association (NEMA) 3R enclosures 

Motor replacement 
• All motors must be 3-phase, inverter duty rated as specified in NEMA standard MG 1 

part 31 
Access: 

• Limited access on top of hood due to low ceiling, hard ceiling, ductwork, piping, etc. 
• Limited working hours to install to avoid interference with kitchen operations 

Equipment Locations: 
• Distance from VFD to fan 
• Increased conduit with long runs 
• Output wiring from VFD to fan must be in separate conduit 
• Output electrical filters must be used when distance from VFD to fan is over 200 ft. 

for 230V, 70 ft. for 460V, or 40 ft. for 575V 
• Equipment mounted outdoors must be in a NEMA 3R enclosure 

Equipment Integration: 
• Fireman’s override panel 
• Building Management Systems 
• Water wash Panels 
• MAU controls for heating/cooling 

Table 7.2 lists the cost for the DCV controls for the kitchen hoods reviewed in this study. These 
costs do not include the Corps of Engineers mark-up (Supervision, Inspection, and Overhead 
[SIOH]), which is 5.7% of the contractor cost. The SIOH covers the costs of over-seeing the 
construction work. Table 7.2 also lists the site factors that had an influence on the installed cost.  
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Since these costs are actual costs for this project, they included some additional costs for coordi-
nation, additional measurements, and effort in preparing this report. Thus, they may not represent 
the true cost for a future DCV control project at a DOD installation. Table 7.3 lists the cost in-
formation that would be more representative for such a project. For example, the typical Army 
kitchen DCV control system, which is similar to the system in Fort Carson Bldg. 1444, would 
have a cost of $41,150 plus the SIOH cost of $2,350 for a total cost of $44,500 compared to cost 
of $49,000 charged for this project. Table 7.4 lists the estimated Typical DCV Control system 
installed cost. 

Table 7.2.  Project Study Site Installation Costs. 
Location Fort Lee Ellsworth AFB Fort Carson Air Force Academy 
Number of Hoods 4 2 3 2 
Material  $14,128.60 (31%) $14,672.60 (51%) $21,831.77 (45%) $16,391.37 (42%) 
Labor $31,670.00 (69%) $13,950.00 (49%) $27,165.00 (55%) $22,550.00 (58%) 
Total $45,798.60 $28,622.60 $48,996.77 $38,941.37 
Optical Quantity 4 2 3 2 
$/Optical $13,949.65 $14,311.30 $16,332.26 $19,470.69 

Cost Variables 
*Used existing VFD’s *Low electrical 

labor cost *NEMA 3R VFD’s *NEMA 3R VFD’s 

*Installed hood side panels 
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Table 7.3.  DCV Control System Costing Information. 
Material Cost 
Intelli-Hood Sensors/Cables            
Hood Qty: 1 2 3 4 5 6 7 8 9 10   
$ $4,500 $8,200 $11,900 $15,600 $19,300 $23,000 $26,700 $30,400 $34,100 $37,800    
Hood Components Include: IOP, Optic sensors, temperature sensors, keypad, cables       
**Prices will vary some due to number of temperature sensors & Cable lengths**       
VFD Cost (Assumes ABB Bypass)            
VFD hp 1 2 3 5 7.5 10 15 20 25 30 40 50 
230V $ $825 $1,000 $1,050 $1,150 $1,200 $1,350 $1,650 $2,000 $2,500 $3,550 $4,200 $4,900 
460V $ $825 $900 $1,000 $1,050 $1,100 $1,200 $1,400 $1,700 $2,000 $2,300 $2,750 $3,350 
VFD Cost (Assumes NEMA 3R ABB Bypass)           
VFD hp 1 2 3 5 7.5 10 15 20 25 30 40 50 
230V $ $2,475 $3,000 $3,150 $3,450 $3,600 $4,050 $4,950 $6,000 $7,500 $10,650 $12,600 $14,700 
460V $ $2,475 $2,700 $3,000 $3,150 $3,300 $3,600 $4,200 $5,100 $6,000 $6,900 $8,250 $10,050 
** NEMA 3R drives are an adder as they           
Motor Cost              
Motor hp 1 2 3 5 7.5 10 15       
$ $575 $650 $700 $725 $1,050 $1,275 $1,800       
**Add an additional $750 labor per motor replacement          
**Pricing not available for motors over 15hp           
Labor Cost 
Melink Labor Cost              
Hood Qty: 1 2 3 4 5 6 7 8 9 10    
Installation $5,000 $6,500 $8,000 $9,500 $11,000 $12,500 $14,000 $15,500 $17,000 $18,500    
Start-up $2,000 $2,750 $3,500 $4,250 $5,000 $5,750 $6,500 $7,250 $8,000 $8,750    
Electrical Labor 
Hood Qty: 1 2 3 4 5 6 7 8 9 10    
Hours/Hood 40 56 68 80 92 104 116 128 140 152    
$ $6,000 $8,400 $10,200 $12,000 $13,800 $15,600 $17,400 $19,200 $21,000 $22,800    
** Note: The cost assumptions do not take into account any specialized materials, access restrictions, prevailing wage rates, unusually long cable runs, or any other signifi-

cant challenges that will increase cost. 
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Table 7.4.  Typical DCV Control System Cost. 

Cost Item Motor hp No. Hoods 
No. 

Motors Cost 
Cost 

/Motor Total Cost 
Hood Controls 

 
3 

 
$11,900 

 
$11,900 

VFD 7.5 hp 
 

2 
 

$1,100 $2,200 
  3 hp 

 
1 

 
$1,000 $1,000 

  1.5 hp 
 

1 
 

$900 $900 
Motor 7.5 hp 

 
2 

 
$1,050 $2,100 

  3 hp 
 

1 
 

$700 $700 
  1.5 hp 

 
1 

 
$650 $650 

Control Install 
 

3 
 

$8,000 
 

$8,000 
Start-up 

 
3 

 
$3,500 

 
$3,500 

Electric Install 
 

3 
 

$10,200 
 

$10,200 
Total DCV 
Cost  

$41,150 

7.2  Other  installation Cost Considerations 

7.2.1 Codes and Standards 

The following codes and building standards should be used in the design and installation of a 
DCV system for kitchen hoods. 

UL710 – Standard for Exhaust Hoods for Commercial Cooking Equipment 

UL2017- Standard for General Purpose Signaling Devices and Systems 

CE – Meets Requirements of Applicable EC Directives 

NFPA 96 – Standard for Ventilation Control and Fire Protection of Commercial Cooking Oper-
ations 

IMC – International Mechanical Code 

BOCA – Building Officials Code Administrators 

SBCCI – Southern Building Code Congress International 

7.2.1.1  Kitchen Hood Size and Use 

The size of the kitchen hood generally does not affect the number of optical sensors. One sensor 
can be used for the longest of hoods (as long as there is a straight line of sight). A hole for can be 
drilled in the interior vertical panels to achieve this line of sight for the longer hoods. If the DCV 
control system uses infrared sensors to sense the start of cooking, one sensor is generally re-
quired for every 4 ft. of hood length. A 14-ft long hood, for example, would require four sensors. 
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7.2.1.2  Fan Motor  Age 

Most older motors are not compatible with today’s VFD drives. In the costs of the typical kitch-
en hood system, it is assumed that new motors are needed. 

7.2.1.3  VFD and Fan Motor  Installation Issues 

In addition to the issue of the fan motor being compatible with a VFD, the distance from the fan 
motor to VFD is also a concern. A distance greater than 100 ft. can cause problems with the op-
eration of the motor. In some cases, the VFD would need to be mounted outdoors, which would 
increase the expense of the electrical enclosure. In other cases, a line reactor is used. 

Line reactors are used when VFD to motor distance exceeds manufacturer recommendations the 
line reactors are installed in the output side with in 10 ft. of the VFD. Line reactors are used to 
condition the voltage so that feedback from downstream components do not adversely affect the 
operation of the VFD. Line reactors are also used on the input side of the VFD when there are 
known “dirty power issues” such as surges or spikes and harmonic distortion. The line reactor 
provides clean power to the downstream components. 

It is important to ensure that the warranty for the VFDs are covered by the drive manufac-
ture/installer so that there is no separation of responsibility and so the VFDs become an integral 
part of the DCV system. 

7.2.1.4  Supply Air  System Issues 

The controls of the supply air system must be able to track the airflow of the exhaust air fan to 
maintain the air balance in the kitchen. Generally, the exhaust air fan motor is interlocked with a 
MAU fan motor. Then the signal to the exhaust system VFD can also be sent to the MAU’s 
VFD. Thus, both systems increase and decrease fan speed (and airflow) at the same time. 

Varying the airflow through a heating system in the MAU can cause problems. If the MAU heat-
ing equipment is a direct-fired gas burner (like some of those found at Ellsworth) then a constant 
airflow is required through the burner plates for proper combustion. If the airflow is too low, in-
complete combustion will likely create a flow of carbon monoxide (CO) in the supply air, which 
would be hazardous to building occupants. In some MAUs, a sail switch is used to detect low 
airflow and prevent the burner from firing. This condition may cause comfort complaints. 

7.2.1.5  Adjustment/Calibration of Control Elements 

The Melink Intelli-Hood controls are auto-calibrating and are calibrated once during the retro-
fit/start-up and commissioning process. If a new construction project is selected it is important to 
ensure that cooking appliance are installed and operational before final commissioning. This is 
extremely important to the energy savings because the temperature spans need to be set/adjusted 
during cooking operations. Once components are calibrated, addition calibrations are not re-
quired with the Melink system unless there is component failure. 



 

ESTCP Final Report Guidance: 
Energy and Water Projects 85 April 2014 

7.3  Operation and Maintenance Considerations 

7.3.1 Operational Instructions 

The operation of the system is designed to be simple as there is a great amount of turnover in 
kitchen operations. Two buttons control the basic operation of the system (Figure 7-1). The lights 
button turns the lights on when they are interlock with the system and the fans button turns the 
fans on at the beginning of each day. The system includes additional options that allow for auto-
matic operations synchronized with a set schedule or with a connected Building Management 
System (BMS) system. When the system is connected to remote inputs, the keypad becomes a 
monitoring device. Please see the 9.0Appendix C for the extended IH2 Operations Manual 
(9.0Appendix J contains information on IH3). 

 

Figure 7-1.  Melink Intelli-Hood control. 

7.3.1.1  Elements Requir ing Maintenance 

The maintenance needs consist only of cleaning the sensors, which is estimated to require ap-
proximately 1 hour per 3 months of operation for each hood. For a building with two hoods this 
would equal 8 hours per year of maintenance cost. The materials needed are clean cloths as-
sumed to have no real additional cost to the building’s operation. Using a cost of $50 per hour 
the annual maintenance cost would be $400. 

7.3.1.2  Adjustment/Calibration of Control Elements 

The Melink Intelli-Hood controls are auto-calibrating and are calibrated once during the retro-
fit/start-up and commissioning process. If a new construction project is selected it is important to 
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ensure that cooking appliance are installed and operational before final commissioning. This is 
extremely important to the energy savings because the temperature spans need to be set/adjusted 
during cooking operations. Once components are calibrated, the Melink system does not require 
additional calibrations unless there is component failure. If problems occur, Melink should be 
contacted via the 24 hr service line in which a Melink Technical support representative will aid 
in any changes. A list of system options can be found in Appendix C for IH2 Operations Manual. 

7.3.1.3  Additional Savings 

In some cases, additional energy savings can be achieved by first balancing the existing hoods to 
a lower CFM per the 500 ft./min NFPA codes. Melink reviews the current operation and adjust 
airflows down to the new codes before installing and setting up the Intelli-Hood system when 
this is discovered. This would need to be identified and requested for alternate manufacturers / 
installers. 

7.4  ECONOMIC COST ANALYSIS AND COMPARISON BETWEEN SITES 

7.4.1 Economic Cost Analysis of Site Installations 

The economic analysis of the DCV control system indicates that it is economical to install this 
system on the main exhaust airflow hoods found in dining facilities. It appears that it is not cost 
effective to use the DCV system on smaller hoods as found in food service facilities found in 
food courts. This is due to the smaller airflow, a more constant level of cooking when the restau-
rant is open, and a limited number of hours that food is served. Table 7.5summarizes the eco-
nomic results for the four locations. Appendix H includes the LCC analysis results for each site. 

Table 7.5.  Economic Results of Installed DCV Systems. 

DFAC Site 
Utility Cost Savings Maintenance 

Cost 
Total 

Savings 
System 

Cost 
Simple 

Payback, yrs. SIR Electr ic Nat. Gas 
Fort Lee $7,427 $3,579 $800 $10,003 $48,410 4.74 1.86 
Ellsworth AFB $339 $875 $400 $813 $30,255 37.21 0.28 
Fort Carson $995 $3,521 $600 $3,916 $51,790 13.22 0.79 
Air Force 
Academy $1,913 $3,362 $400 $4,875 $41,161 8.44 1.18 

The data in Table 7.5 indicate that only the Fort Lee installation has an attractive economic pay-
back. Note that the installed costs are slightly inflated due to extra work by the DCV installer 
that are associated with only this project. For example, using the cost guidance for the installa-
tion on the three hoods at Fort Carson would be approximately $43,500 using the costs of the 
typical system described in Section 7.1  rather than the almost $52,000 actually incurred. With 
this installed cost the simple payback would be approximately 11 years when the Fort Carson 
energy costs are applied. When the DOD average energy costs are applied to these energy sav-
ings the simple payback drops to 8.5 years. When the estimated additional nighttime energy sav-
ings are added to the energy savings the simple payback drops to a more acceptable 5.5 years. 
Applying the DOD average energy costs to the operating and nighttime energy savings yields a 
4.2 year simple payback. Table 7.6 lists the full economic results of these four scenarios. 
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Table 7.6.  Economic Result Compar ison of Typical DCV Control system and Site 
Installation at For t Carson. 

  
Electr ical, 
kWh/yr  

Nat. Gas, 
Therms/yr  

Annual 
Energy Cost 

Savings 

Annual 
Maint. 
Costs 

Annual 
Cost 

Savings 
DCV 
Costs 

Simple 
Pay-back SIR AIRR 

Bldg. 1444, Site 
Energy Costs 16,582 7,043 $4,516 $600 $3,916 $43,496 11.11 0.94 2.41% 

Bldg. 1444, DOD 
Energy Costs 16,582 7,043 $5,694 $600 $5,094 $43,496 8.54 1.21 4.99% 

Typ. DFAC, Site 
Energy Costs 47,585 11,290 $8,500 $600 $7,900 $43,496 5.51 1.83 9.43 

Typ. DFAC, DOD 
Energy Costs 47,585 11,290 $10,970 $600 $10,370 $43,496 4.19 2.38 12.31 

7.4.2 Economical Analysis of Potential DOD Sites 

The analysis of applying the DCV control system to a site at Fort Carson (Colorado Springs, CO) 
shows that the economics are very favorable, considering the full probable energy savings and 
using the average DOD energy costs (which were slightly higher than the site costs). Using the 
estimated fan motor and air tempering savings during the kitchen operating hours and adding the 
estimated energy saving due to excessive kitchen hood exhaust operating during non-occupied 
hours, an economic evaluation of potential DOD sites throughout the United States can be made. 

For this analysis, the 15 cities were entered into the Outdoor Airload Calculator using the airflow 
savings provided by the typical system to obtain the air tempering savings. Fan motor energy 
savings were calculated using the average electrical power savings. The additional nighttime en-
ergy savings were estimated in a similar manner. Table 7.7 lists the results. 

All the SIRs are greater than one for the typical kitchen application. The climate zone that had 
the warmest temperature, Miami, had the lowest SIR. The location in the coldest climate, Fair-
banks, AL, had the highest. This could be partially explained by the temperature setpoints in the 
analysis (80 °F for cooling and 70 °F for heating). The cooling setpoints are appropriate since 
80 °F is the setpoint for Bldg. 18028 at Fort Lee, the only cooled kitchen of the four sites. The 
heating setpoint of 70 °F was selected to avoid chilly kitchen temperatures due to high airflow 
and air movement. These setpoints can vary with the values made lower for kitchens that experi-
ence being too warm due to cooking activities. The result of such lower temperature setpoints 
will be a greater energy savings for cooling and a lower heating energy use savings. 
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Table 7.7.  DCV Control System Economics When Applied to United States Climate 
Regions. 

Climate  
Zone City 

Annual Energy 
Costs Savings 

Annual Maint. 
Costs 

DCV System 
Cost 

Simple Payback 
Period, yrs. SIR AIRR 

1A Miami, FL $ 5,951 $600 $ 43,496 8.13 1.08 3.75% 

2A Houston, TX $ 7,918 $600 $ 43,496 5.94 1.56 7.69% 

2B Phoenix, AZ $ 9,101 $600 $ 43,496 5.12 1.78 9.10% 

3A Memphis, TN $ 9,632 $600 $ 43,496 4.82 1.99 10.32% 

3B El Paso, TX $ 8,785 $600 $43,496 5.31 1.77 9.06% 

3C San Francisco, CA $ 9,432 $600 $ 43,496 4.92 2.00 10.38% 

4A Baltimore, MD $ 11,601 $600 $ 43,496 3.95 2.48 12.80% 

4B Albuquerque, NM $ 10,201 $600 $ 43,496 4.53 2.13 11.12% 

4C Seattle, WA $ 10,967 $600 $ 43,496 4.20 2.37 12.31% 

5A Chicago, IL $ 12,242 $600 $ 43,496 3.74 2.69 13.71% 

5B Colorado Springs, CO $ 10,970 $600 $ 43,496 4.19 2.36 12.25% 

6A Burlington, VT $ 13,918 $600 $ 43,496 3.27 3.10 15.34% 

6B Helene, MT $ 12,926 $600 $ 43,496 3.53 2.86 14.40% 

7A Duluth, MN $ 16,192 $600 $ 43,496 2.79 3.66 17.27% 

8A Fairbanks, AK $ 21,501 $600 $ 43,496 2.08 4.96 20.91% 

The number of Army facilities that could be economically retrofit was estimated based on the 
analysis of energy savings for a typical Army Kitchen DCV control system, and on the following 
assumptions and data: 
• Facility must be greater than 10,000 sq. ft. (for it to be likely to have a large exhaust hood) 
• 40% of facilities greater than 10,000 sq. ft. are not appropriate for this retrofit for other rea-

sons. 

The Army has 378 eating facilities that meet this requirement. Of these: 

• The average facility uses 400,000 Btu/sq. ft./year  
• Average energy cost is $15 per million Btu (electric and gas combined).  
• Savings are 60% electric and 40% gas 
• Exhaust and makeup air comprises 25% of the facility energy use. 

The above analysis is for a typical dining facility at a DOD site. The analysis of the four sites 
where measurements were taken showed that kitchen hoods with a low airflow would not be cost 
effective to have a DCV system installed. To quantify the level of airflow that is “too low,” a 
kitchen hood exhausting 5,000 CFM was analyzed. This airflow is chosen since it matches the 
airflow identified in ASHRAE Standard 90.1-2010, where conservation measures must be pro-
vided on kitchen hood exhaust equipment (see Section 8.3). It is assumed that there is a 4,000 
CFM MAU that operates when the exhaust fan is running. The motor horsepower for this equip-
ment is 2 hp for the exhaust fan and 3 hp for the MAU.  

Using the operating conditions used in the typical DFAC analysis for the Colorado Springs, CO 
location, the annual energy savings are: 
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electrical 12,131 kWh/yr 
natural gas 3,520 therms/yr 
energy cost savings $3,188 / yr. 

The estimated cost including SIOH for a DCV system on this equipment is $ 21,933 for a simple 
payback of 7.34 years and a SIR equal to 1.37. An annual cleaning cost of $200 is factored into 
the annual cost savings that is used to determine the payback period. 

If two kitchen hoods were exhausting 5,000 CFM each, with associated MAU’s each at 4,000 
CFM, the estimated installed cost for a DCV system, including SIOH, for both should be 
$34,194. The energy savings would be double the amounts for the single 5,000 system and thus 
the simple payback period would be 5.7 years and the SIR equal to 1.76. 

Based on these calculations, if the kitchen has a single kitchen hood with an exhaust airflow 
greater than 5,000 CFM, the application of DCV should be investigated. The cost savings could 
vary given the climate MAU setpoints, motor horsepower, hours of operation, and cost of ener-
gy. The cost to install could become lower if the installation of the DCV system is part of new 
construction or a major renovation of the kitchen. Such a situation would probably lower the la-
bor for installing the equipment since there would already an electrician installing electrical wir-
ing and the installation of the sensors could be accomplished without working around other 
kitchen operations. 
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8.0  

8.1  Installation Considerations 

IMPLEMENTATION ISSUES 

End-users were generally found to be receptive to the technology. Some of the concerns voiced 
were: 

If the system fails, can it be overridden? 

Will the installation interfere with operations? 

Several issues were identified during the course of this demonstration. By far the most difficult 
part of implementation was the existing operational condition of the building’s HVAC. Several 
of the systems initially identified as good candidates for demonstration were found to have oper-
ational issues that would have made implementation difficult. 

It is recommended to use a multi-sheet checklist to ensure that: 

• Electrical installation was properly performed. 
• Proper labeling took place. 
• Temperature and optical sensors were correctly placed. 
• Start-up operation was successfully completed 
• Site personnel were trained.  

Appendix B includes copies of completed checklists for the project location and a discussion of 
the general component installation logic and approach. 

During installation, electrical power measurements are taken to ensure the electric motor is 
properly sized. Readings for each installation can be found in Chapter 5.0 of this report. Also, the 
temperature span that indicates when cooking is occurring must be programmed into the system 
controls. Table 8.1 lists the values used. Appendix C provides a complete start-up procedure, and 
information on VFD operation and operations and maintenance (O&M). 
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Table 8.1.  Temperature Values Programmed to Indicate Cooking. 
Hood System Temperature Settings for Control 
  Not Cooking Full Cooking Temperature Span 
Fort Lee 

System 1 
Hood 1 76 °F 108 °F 75 – 120 °F 
Hood 2 74 °F 112 °F 75 – 120 °F 
Hood 3 74 °F 104 °F 75 – 120 °F 

System 2 
Hood 1 75 °F 142 °F 75 – 120 °F 
Hood 2 75 °F 107 °F 75 – 120 °F 
Hood 3 74 °F 110 °F 75 – 120 °F 
Ellsworth AFB 
Burger King 72 °F 108 °F 75 – 110 °F 
Charley’s  72 °F 104 °F 75 – 110 °F 
Fort Carson 
Hood 1 72 °F 96 °F 75 – 110 °F 
Hood 2 72 °F 94 °F 75 – 110 °F 
Hood 3 72 °F 106 °F 75 – 110 °F 
Air Force Academy 
Hood 1 72 °F 90 °F 75 – 110 °F 
Hood 2 72 °F 102 °F 75 – 110 °F 

8.1.1 Kitchen Hood Size and Use 

The placement of the cooking sensors is very important to ensure a successful operating system. 
Installation of the sensors typically requires access to the top of the hood. The temperature sen-
sors are installed in the exhaust duct collar near the top of the hood. Optical sensors are installed 
on the sides of the hood with the Air Purge Unit (APU) on top of the hood. All cables connecting 
the sensors are typically installed above the hood. See 9.0Appendix I for a description of the sen-
sor components.  

Ellsworth AFB Bldg. 5903 has a hard deck ceiling in the kitchen with no apparent access to the 
top of the hood. There are small access panels to the ceiling within the kitchen, but these panels 
were not located near the hood. These panels appeared to provide access to duct cleanout panels 
or perhaps air filters.  

Although it would be possible to install the sensors below the ceiling, this alternative would in-
crease installation costs. It would involve installing special conduit to attach the APUs on the 
sides of the hood below the ceiling. The APUs would be covered by a stainless steel box. The 
cables connecting the optical APUs would run through conduit along the hood and ceiling. Ca-
bles would run through conduit along the ceiling back to the processor location (Figure 8-1).  

A second alternative would be to cut new access panels, assuming that there is in fact adequate 
space above the hood. 
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Figure 8-1.  Sensor  cable location with hard ceiling. 

At some sites, multiple exhaust fans draw air from a single hood. The fan that ventilates a given 
hood section must be identified so sensor locations can be planned. At one of the potential 
demonstration sites, as illustrated in Figure 8-2, it was unknown if hood Sections A and B were 
paired together with the same fan, or if hood Sections A and C were paired together on the same 
fan. Without having access to the top of the hood or having permission to cycle fans on/off, it 
was not possible to determine. If hood sections are paired as A-B and C-D, then four optical sets 
are needed. If hood sections are a paired as A-C, B-D, then two sets of optical sensors are need-
ed. 

 

Figure 8-2.  Multiple Exhaust Fans and Hoods. 

If four sets of optical sensors were needed, then it would be a great challenge to install optical 
boxes in the middle of the hood. In this example, because this is a short cycle hood, conduit can-
not pass through the front of the hood (Figure 8-3). There is no way to seal the hood through two 
wall sections. Therefore, conduit would need to bend around the bottom of the hood and then up 
to a purge fan attached to the front of the hood. 
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Figure 8-3.  Main Hood with Four  Sets of Optical Sensors Installed on Sides of Hood. 

8.1.2 Fan Motor  Issues 

When retrofitting a constant speed motor with a VFD, the motor must be compatible with the 
VFD. If the motor was not designed for use with a VFD, it should be replaced. 

Users typically prefer to use bypass VFDs. Bypass drives give the end user the ability to easily 
override the controls if necessary. Bypass drives give the maintenance personnel the ability to 
operate fans via a simple start/stop function should any problem arise. The downside to bypass 
drives is that they are large. For example, ABB Eclipse Series VFDs are 5.5 in. wide and 40 in. 
tall. Bldg. 5903 at Ellsworth AFB would have six VFDs in the kitchen for four exhaust fans and 
two makeup air (MUA) units. Finding a location to install these drives can sometimes be a chal-
lenge. In this case, the existing motor starters were in a mop closet near the kitchen. Installing 
VFDs near existing motor starters is ideal as the VFD effectively replaces the motor starter. In 
this case, the mop closet was too small for six VFDs, which require wall space about 56-in. tall 
and 40-in. wide. 

8.1.3 Supply Air  System Issues 

In some cases, a dedicated MAU services the cooking area. In other cases, an MAU services 
both the cooking and dining areas. For this technology, a dedicated MAU for the cooking area is 
preferred. Another consideration is the method of heating. If outdoor air is heated using a direct-
fired gas burner, the outside air that flows over the burner cannot be modulated. A constant air-
flow is needed to assure proper combustion to avoid creating harmful CO. In such systems, ex-
haust air should not be varied, especially during the heating season. Since part of the energy sav-
ings is achieved by reducing the use of the supply air unit, systems having a direct-fired gas sys-
tem can only achieve limited energy savings. On the other hand, MAU units with indirect gas-
fired burners, hot water, steam, or electric heating can modulate outside airflow and are better 
able to achieve the predicted energy savings. 
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8.1.4 Elements Requir ing Maintenance 

The required maintenance needs are mainly related to keeping the sensors functioning. Since 
cooking fumes and smoke can collect on the optical, sensors they need to be cleaned whenever 
the “Clean” indicator light on the system keypad begins to flash from red to green. To clean, 
wipe the units’ lenses at each end of the hood with a clean soft cloth. Do not use water or steam 
on the housing, which can wet the electrical components. Temperature sensors should be cleaned 
at least once per year using a clean cloth. Appendix C gives for more information on this topic. 

8.2  Codes and Regulations that Relate to Kitchen Hoods 

The International Mechanical Building Code (IMC 507.2.1.1) requires that a kitchen hood ex-
haust be automatically started when cooking operations begin assuming that the exhaust fans are 
not already running. This requirement is traditionally satisfied by monitoring the exhaust air 
temperature and starting the exhaust fan upon a significant rise in temperature. The ventilation 
control system that is the subject of this project satisfies this requirement. 

NFPA 96 (Standard for Ventilation Control and Fire Protection of Commercial Cooking Opera-
tions) has been amended to allow exhaust air duct velocities as low as 500 fpm in the ductwork 
and exhaust collar. The normal flow rate at full exhaust rates is in the range of 1,500 to 1,800 
fpm. This change allows the use of variable flow kitchen hoods. 

ANSI/ASHRAE/IES Standard 90.1-2010 requires that a kitchen with an exhaust rate more than 
5,000 CFM must satisfy one of the three following conditions: 

• At least 50% of all replacement air must be transfer air that would otherwise be exhausted. 
• There must be demand ventilation system(s) on at least 75% of the exhaust air. Such systems 

shall be capable of at least 50% reduction in exhaust and replacement air system airflow 
rates, including controls necessary to modulate airflow in response to appliance operation 
and to maintain full capture and containment of smoke, effluent and combustion products 
during cooking and idle. 

• Listed energy recovery devices must have a sensible heat recovery effectiveness of not less 
than 40% on at least 50% of the total exhaust airflow. 

Section 6.5.7.1.3 of Standard 90.1 requires that exhaust rates for all hoods in kitchens with a total 
exhaust of 5,000 CFM or more must meet the requirements of (Standard 90.1) Table 6.5.7.1.3 
unless at least 75% of all the replacement air is transfer air that would be otherwise exhausted in 
other areas of the facility. Table 6.5.7.1.3, has maximum exhaust airflow rates for kitchen hoods 
by hood type and appliance duty classification. Also, the use of short-circuit supply air in the ex-
haust hood is limited to 10% since for good contaminant capture, short-circuit hoods require 
more exhaust air compared to non-compensating kitchen hoods. 

ASHRAE Standard 154-2011 requires that Type I hoods (for capture of grease and smoke) be 
Underwriters Laboratories (UL) listed and provides minimum exhaust rates for Type II hoods. 
Many Type II hoods (for capture of water vapor and heat only) are unlisted. The Standard also 
assigns duty categories to each type of cooking appliance based on fuel source. 
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Other regulations that affect the variable flow exhaust hood technology include: 
ASTM Standard Test Method F 1704-05, Standard Test Method for Capture and Containment Performance of 

Commercial Kitchen Exhaust Ventilation Systems. 

2007 ASHRAE Handbook HVAC Applications, Chapter 31. 

ANSI/ASHRAE/IES Standard 90.1-2010 

8.3  Procurement Considerations 

Some vendors offer systems that use only temperature sensors, i.e., they do not use optical or 
opacity sensors. This is not recommended since the optical sensors provide an indication of 
cooking when the exhaust air has not yet reached the setpoint temperature. Thus, the hood would 
continue to operate at a low exhaust rate and cooking effluent would spill from the exhaust hood. 
Temperature-only systems are usually set to higher exhaust rates to mitigate this issue. 
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9.0  

Melink: Vendor of variable flow exhaust hood controls melinkcorp.com 
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Appendix A: Points of Contact 

Point of 
Contact Organization Phone, Fax, e-mail Role In Project 
Michael Murphy Melink Corporation 

www.melinkcorp.com 
Phone: (513)965-7008; 
Fax: (513) 965-7350 
mmurphy@melinkcorp.com  

 

Vernon A. Smith Smith Energy 
Engineers, LLC 
(subcontractor to 
Fisher Nickel, Inc.) 

Phone: 720-320-9154 
vern@smithenergyengineers.com  

Data Acquisition 
and Analysis 

David M. 
Underwood 

Engineer Research 
and Development 
Center, Construction 
Engineering Research 
Laboratory (ERDC-
CERL) 

David.M.Underwood@usace.army.mil  Principle 
Investigator 

Alfred Woody Ventilation/Energy 
Applications, PLLC 

(248) 891-5519 
awoody@comcast.net  

 

 

mailto:mmurphy@melinkcorp.com�
mailto:vern@smithenergyengineers.com�
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Appendix B: Site Installation Checklists 

The site installation checklists provided within Appendix B pertain to the installation of the 
Intelli-Hood at the four test locations. These were completed by a certified Melink Technician 
and/or Contractor. These checklists serve to document the startup processed when installation is 
completed. 
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B.1 For t Lee, VA 

B.1.1 Install checklist 
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B.1.2 Star t-up checklist 
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B.2 Ellswor th AFB, SD 

B.2.1 Install checklist 
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B.2.2 Star t-Up Checklist 
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B.3 For t Carson, CO 

B.3.1 Install checklist 
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B.3.2 Star t-up checklist 
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B.4 U.S. Air  Force Academy, CO 

B.4.1 Install checklist 
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B.4.2 Star t-up checklist 
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Appendix C: Sample Installation, Operation & Maintenance Manual 

 

 

Intelli-Hood 2 Operation Specifications 

Figure C-1.  Melink Intelli-Hood control. 
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KEYPAD OPERATION 

LIGHTS 

Turns on and off 24VDC to an I/O Board relay for the hood light circuit. Also turns on 
and off 24VDC to header boards. 

FANS 

Turns on the fans by telling the processor to give the VFDs a run command. Also turns 
on and off 24Vdc to the header boards. Also sends speed reference signal to VFDs. The 
APU blowers and optic boards will be OFF if both LIGHTS and FANS are OFF. 

Turns keypad displays on and off (correlating to state of the fans). 

May be used to scroll in reverse while in SETUP mode. 

100% /RESET 

Turns fans on in Bypass mode by signaling a start command and 100% speed to the 
VFDs. Also sends 24Vdc to header boards. Bypass mode is maintained for the time dura-
tion specified in the System menu and then resumes normal fan operation in the automat-
ic mode. This function of the 100%/RESET switch may be eliminated through program-
ming if desired. 

If the 100%/RESET switch is held down for 10 seconds, it will send a reset command to 
the VFDs that are showing a fault condition. This function may be used up to two times 
every hour. If there is an attempt to reset the drives more than two times in an hour, a 5-
second continuous beep will sound. 

When in SETUP mode, pressing the 100%/RESET switch will back the user out one lev-
el of the programming menu. If in the base level of the programming menu, pressing 
100%/RESET will exit SETUP mode. 

SELECT (up ar row) 

In SETUP mode, this switch will scroll forward through menu Item numbers (0-9) on the 
seven-segment displays and scroll through the setup selections on the bar graph (1-10). 

In normal operating mode, pressing this switch will display scrolling temperatures a sin-
gle time for each hood on the display and the average VFD speeds on the bar graph; after 
which it displays scrolling % fan speeds. 

ENTER 

In SETUP mode, this switch will validate a selection. 

In normal operating mode, pressing this switch will display the time in the display. 

CLEAN LED 

If there is an issue with the optic sensors on the displayed hood, the CLEAN LED will 
flash red and green. In most cases the display will also indicate the type of problem that 
has occurred (signal either too weak or too strong). The LED flashing without a fault 
code indicates that the optics on the displayed channel are dirty and must be cleaned. 
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FAULT LED 
The FAULT LED has two purposes: 

Red LED Illuminated:  

There is a fault on the displayed channel. There will be a fault code displayed in the four-
digit display. 

Green LED Illuminated:  

This indicates that the system is receiving a closure on terminals that are programmed as 
Thermostat & x% and is intended to show that the MUA unit is in heating mode. 

SETUP MODE 

To enter SE`TUP mode, press both the SELECT key and the ENTER key and hold for 15 
seconds. When SETUP mode is accessed, keypad will beep three times. 

To restore setup defaults 

Must be in setup mode. 

Must be at the flashing “0”. 

Press and hold the ENTER key for 15 seconds. 

A “dFAu” will show on the four-digit display; keypad will beep three times. 

Default data will be stored. 

Press the 100%/RESET switch to resume programming. 

To lock programming 

Press and hold the both the SELECT key and the ENTER key for 15 seconds. 

-H1- will show on the four-digit display; keypad will beep three times. 

Press and hold the both the SELECT key and the ENTER key for 15 seconds. 

An “L” will show on the four-digit display; keypad will beep one time. 

Press 100%/RESET to exit setup mode. 

To unlock programming 

Press and hold the both the SELECT key and the ENTER key for 15 seconds. 

An “L” (non-flashing) will show on the four-digit display; keypad will beep three 
times. 

Press and hold the both the SELECT key and the ENTER key for 15 seconds. 

-H1- will show on the four-digit display; keypad will beep one time. 

Press ENTER to exit setup mode. 

To Edit Programming 

Enter SETUP mode 
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Keypad will beep three times; if the system is unlocked, the first 7-segment display 
will show “–H1–”. If an “L” is shown, unlock system as shown above. 

Pressing the SELECT switch will change the “–H1–” to a “–H2–”; pressing the SE-
LECT switch again will change the “–H2–” to a “–H3–”, etc. Scroll to the desired 
hood number. The FANS switch may be used to scroll in reverse. 

Pressing ENTER will move the hood number to the first and second seven-segment 
displays. The third and fourth 7-segment displays will start with a flashing “01” to 
signify the parameter number. There will be a solid LED in the bar graph to signify 
the currently programmed setting for each parameter. 

Pressing the SELECT switch will scroll to subsequent numbers, moving forward 
through the parameters. The FANS switch may be used to scroll in reverse. 

Pressing ENTER makes the third and fourth 7-segment displays solid and the LED in 
the bar graph will begin flashing. 

Pressing the SELECT or FANS switches will scroll up and down the bar graph. When 
the desired setting is reached, pressing the ENTER switch will confirm the setting and 
the third and fourth 7-segment displays will begin blinking again. 

To exit the hood menu, press the 100%/RESET switch. 

To exit the SETUP mode, press the 100%/RESET switch again. The keypad will go 
back to normal display mode. 

To Program VFDs 

Enter SETUP mode, and scroll through the menus until UFd is shown in the display 
and press the ENTER switch. 

Pressing the SELECT switch will change the display to U-01. Pressing SELECT 
again will scroll to the next address. Pressing the ENTER switch will remove U-## 
from the display; the display should now convey any information present on the VFD 
display with the programmed address. 

Once the display is showing VFD information, the keypad switches will function as 
follows (for the A-B drive): 

SELECT: up arrow 

FANS: down arrow 

ENTER: enter arrow 

100%/RESET: Esc 

LIGHTS: Sel 

Pressing the 100%/RESET switch while showing the base display of the VFD (i.e., 
Hertz, Amps, or Volts) will back out of the VFD display and return to the U-## dis-
play 
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SUMMER/WINTER (3 GANG COVERPLATES ONLY) 
This switch will illuminate and activate the external heat circuit when pressed. It will extin-
guish and turn off the external heat circuit when pressed again. This entails energizing any 
24VAC outputs and/or the system relay that are programmed for MUA heat. 

When switch is activated, will also increase the minimum speed to the thermostat+ setting (if 
one is programmed) 
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SIMPLISSIMO SETTINGS 
System programming will performed using the Intelli-Hood 2 Simplissimo. 

Exhaust Temp Span (01)  

This sets up the temperature span for mapping exhaust temperature to the VFD speed ref-
erence signal. The low end of the span relates to 0% VFD speed. It will be set through the 
Simplissimo in Parameter -15, but will default to 75 °F (with the exception of settings 9 
and 10, which will change the low end to 70 °F). The high end of the span relates to max 
VFD speed. This will be set in the Simplissimo in Parameter -01 and will have a default 
will be 90 °F and maximum of 150 °F. VFD speed will vary proportionally to the tem-
perature between the min and max. The speed reference signal will be sent to the VFDs 
via RS-485 serial communication. 

Min Fan Speed (02)  

This sets up the minimum speed that the VFD will run. Min speed must be less than max-
imum speed. If the operator tries to set up a minimum speed greater than or equal to max-
imum speed, the error beep will sound. If Auto is chosen, the minimum speed will start at 
20% and automatically adjust up to 50% speed, based on the monitoring of temperature 
rise. 

Max Fan Speed (03)  

This sets up the maximum speed that the VFD will run. Max speed must be greater than 
minimum speed. If the operator tries to set up a maximum speed less than or equal to 
minimum speed, the error beep will sound. 

Exhaust Temp Alarm Setpoint (04)  

This sets up the temperature setpoint for the exhaust alarm output. When the temperature 
alarm setpoint is reached on a particular hood, the speed reference bars will flash while 
the hood’s speed is displayed. If a temperature alarm is selected for either the hood or 
system 24VAC output, when the setpoint is reached 24VAC will be sent to the I/O board 
terminals specified. If Item 6-10 is selected, then when the hood’s speed is being dis-
played on the bar graph and the exhaust temperature exceeds the temperature setpoint, the 
keypad’s beeper will sound. The keypad will go through 12 iterations of beeping the 
beeper for the alarm. If the fans are turned off and the high temperature alarm setpoint is 
reached, the exhaust fans will automatically turn on. 

Hood 24VAC Output (05)  

This sets up the function of the auxiliary 24VAC output accessible from the hood menu. 
For example, Hood 1 will control Output #1, and Hood 2 will control Output #2, etc. 

No – The 24 volt AC (VAC) is not used and disabled. 

Exhaust Temp – The output is used for the exhaust temp alarm setpoint and operates 
according to the setting in Exhaust Temp Set Pt Menu. 

Smoke – The output is used as a smoke alarm. 24VAC will be sent to the I/O board 
terminals whenever the optic sensors detect smoke. 
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Fan On – 24 VAC will be sent to the I/O board terminals when the hood is turned on 
and operating normally. If a fault is detected or the hood is not running, the 24VAC 
will turn off. 

MUA Damper – The output is used to control a damper. When the fans are turned 
on, 24 VAC is sent to the I/O board terminals. When the fans are turned off, the 
24VAC is turned off as well. 

MUA Heat – The output is used to control make-up air heat. At default settings, 
when the kitchen temperature is less than 68 °F, the output energizes to send a signal 
to heat. If the supply air is less than 50 °F, a signal to heat will be given regardless of 
the space temperature. The minimum speed shall also change to 50% unless other-
wise specified in the Remote Input Menu, item Thermostat & x%. When the kitchen 
temperature is greater than 70 °F and the supply temperature is greater than 50 °F, the 
heat is off and the minimum speed in Min Speed Menu is used. The MUA heat 
setpoints may be changed in Parameters 9-29 and 9-30. 

MUA Cool – The output is used to call for cooling if the kitchen temperature rises 
above the setting in 9-31. When the setpoint is reached, 24VAC will be sent to the I/O 
board terminals. 

Mom Relay – The output is used to control a momentary relay. When the fans are 
turned off, 24 VAC is sent for 3 seconds and is then turned off. 

Fault – When the keypad is displaying a fault, then 24 VAC is sent until the fault is 
cleared. 

24/7 –24 VAC will be sent to the terminals constantly, regardless of if the fans are 
running. 

Number  Sensors (06)  

This sets up the number of 100 Ohm RTDs in series and/or optics for the given hood. If 
10, then there are no sensors for the hood. The hood can have from one to four tempera-
ture sensors and one optics sensor; or it can have from one to four temperature sensors 
only; or it can have just one optic sensor. Temperature sensors are always connected via 
the hood channel. Optic Channel 1 is the default for Hood 1, Optic Channel 2 is the de-
fault for Hood 2, etc; however optics may be shared between hoods programming the de-
sired optic channel in Parameter 13. 

Auto Fan On/Off (07)  

These settings allow for each hood to be automatically turned on and off. When setting 2 
through 6 are used, the fans will turn on when the first temperature is reached in hood Pa-
rameter 16, and will run at the night setback (NSB) speed after the temperature has 
dropped to the second setpoint in Parameter 16 for at least 15 minutes. While in NSB, the 
hood will not be displayed on the keypad. 

Heat x%: In these settings, the fan(s) will turn on when the temperature reaches 
90 °F (or the temperature programmed in Parameter 16). The fans will modulate 
based on the temperature span until the temperature drops to 75 °F or less for at least 
15 minutes, after which the hood will not be displayed on the keypad and the fans 
will either shut off (0%) or run at the speed programmed for night setback (5-20%). 
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VFD Address (08) – This sets up the address for which VFD is connected for this 
hood. If No is selected, then there is no VFD for the hood and that channel will not 
display on the keypad during normal operation. Primary VFD addresses are 1-8. Ad-
ditional addresses may be set up on the hood as slave drives in Parameter 09. 

Add. VFD Address (09) – These settings allow for programming of “slave” drives. 
By using this parameter, up to three VFDs may be controlled by each channel. 

Short Cycle Hood Ratio (10) – This sets up the short cycle hood ratio of supply air 
to exhaust air. To prevent the outdoor SAT from influencing the exhaust temperature 
sensor, a cooking temperature is calculated. Use the following equation to determine 
the calculated temperature used to proportionally vary VFD speed: 

 Tc = [Te – (x)Ts] / [1-x] 

where: 
Te = actual exhaust air temperature 
Ts = actual outdoor SAT 
X = short cycle hood ratio 
 X = Cs / Ce 
 Cs = supply airflow in CFM 
 Ce = exhaust airflow in CFM 
Tc = calculated cooking temperature 

Hood # Relay Input (11) 

This sets up how the hood will respond to a dry contact closure across the remote input 
terminals. Hood 1 corresponds to Remote Input #1, Hood 2 corresponds to Remote Input 
#2, etc. 

Remote ON/OFF – The remote input terminals are used for remotely turning the fans 
on and off, just as if the keypad FAN switch were pressed. A contact closure equals 
FAN ON. This functionality may be overridden by the keypad. 

Remote Enable – The remote input terminals are used for remotely enabling or disa-
bling the ability of the fans to run. If this parameter is programmed, then a remote in-
put will be required for the fans to run (i.e., keypad will not override). A contact clo-
sure equals FAN ENABLE. A high temperature alarm will override this function. 

100% on Closure – When a closure is made on the remote input terminals, the asso-
ciated fan(s) will run at 100% speed. Fan speed will return to modulation when the 
closure is removed. 

T-stat & x% – A contact closure at the remote input terminals will change the mini-
mum speed to x% instead of the minimum speed called out in Min Speed Menu. Al-
so, the external heat circuit is activated. When the contact opens, then the minimum 
speed in Min Speed Menu is used and the external heat circuit is turned off. 
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Relay Inputs to Utilize (12)  

This determines the specific remote inputs that the hood will recognize (and follow). In 
the event that the hood and system inputs are programmed identically, an input on either 
will affect the hood (given that the input in question is on the utilize list). 

Hood Only – Only the remote input corresponding to the hood number will be recog-
nized 

Hood & System 1, 2 – The corresponding hood number input will be recognized 
along with system inputs 1 and 2. 

System # – Only the corresponding system input # will be recognized 

Hood & System 1 – The hood input and the system input 1 will be recognized. 
Hood & System 2 – The hood input and the system input 2 will be recognized. 
None – None of the remote inputs will have any effect on this hood 

Optic Sensor  Address (13)  

This determines the optic channel that will affect the hood. This would be used for occa-
sions where the exhaust fan may be modulated independently on temperature, but multi-
ple channels share an optic sensor. The default is for the corresponding hood number. 

Scheduling (14)  

This determines during the schedules that the hood will follow. The schedule times and 
parameters are programmed in the system menu (9-12 through 9-21). 

Temp Span Min (15)  

This parameter may be used to adjust the low end of the temperature span. Unless either 
9 or 10 are selected in Parameter 01, then the default is 75 °F. 

Auto On/Off Temp (16)  

This parameter may be used to adjust the temperatures at which the fan automatically 
turns on and off when auto on/off is programmed in Parameter 07. 

CFM Ratio for  MUA/AUX Output (17)  

This setting allows the various hoods to be weighted when the “average” VFD speed is 
being calculated. The system will add the numbers input from all active hoods, and use 
this sum to determine a ratio of how the exhaust air is distributed. e.g., if Hood 1 is 
weighted at 2 and Hood 2 at a 1, then Hood 1 will account for 67% of the MUA in the 
“average” mode while Hood 2 will account for 33%. If the setting is programmed to 
“None,” then the hood will be discounted in the auxiliary average. 

Cable Length (18)  

This setting allows for long runs of cable to be accounted for. The additional cable length 
will add a known resistance to the resistance temperature detector (RTD) reading when 
dealing with temperature probes, and will thus be accounted for by setting this parameter. 
When programming this setting the actual cable length between the I/O Processor and the 
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farthest temperature probe on that channel must be entered. The cable length is selectable 
in 5-ft increments. 

VFD Software (19)  

This parameter provides for adjusting the communication protocol used for the VFDs be-
ing controlled by the programmed hood signal. 
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SYSTEM MENU 

4-20mA/0-10VDC Aux Out (9-01)  

This sets up how the signal is determined for the auxiliary output and supply fan VFD. 
The address for the supply VFD (if a VFD is used) will be programmed in Parameter 9-
31. 

No – No auxiliary output 

Average – send the average of the used VFDs; signals may be weighted in Parame-
ter 18 of the hood menu and the external input may be weighted in Parameter 19 of 
the system menu. 

Highest – send the highest of the used VFDs 

Lowest – send the lowest of the used VFDs 

VFD1 – send the same signal that is going to VFD Address 1 

VFD2 – send the same signal that is going to VFD Address 2 

VFD3 – send the same signal that is going to VFD Address 3 

VFD4 – send the same signal that is going to VFD Address 4 

Ext In – Relays the signal from the external input 

4-20mA Aux In (9-02) 

This sets up how the VFDs will respond to the external 4-20 mA input 

No – No auxiliary input 

Add – Add ext input to each VFD output 

Sub – Subtract ext input from each VFD output 

Average – Average ext input with each VFD output 

Aux – Send auxiliary input to the auxiliary output 

Aux Add – Add ext input to auxiliary output 

Aux Sub – Subtract ext input from auxiliary output 

Aux Average – Average ext input with auxiliary output 

Optics Hang Time (9-03) 

Amount of time fans will be left at max speed and smoke alarm will be activated after de-
tection of smoke. 

System Relay Input 1 (9-04) 

This sets up how the system will respond to a dry contact closure across the input termi-
nals labeled System Relay Input 1. 
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No – The remote input terminals are used for nothing. 

Remote ON/OFF – The remote input terminals are used for remotely turning the fans 
on and off, just as if the keypad FAN switch were pressed. A contact closure equals 
FAN ON. 

Remote Enable – The remote input terminals are used for remotely enabling or disa-
bling the ability of the fans to run. If this parameter is programmed, then an input will 
be required for the fans to run. A contact closure equals FAN ENABLE. A high tem-
perature alarm will override this function. 

100% on Closure – When a closure is made on the remote input terminals the asso-
ciated fan(s) will run at 100% speed. Fan speed will return to modulation when the 
closure is removed. 

T-stat & x% – A contact closure at the remote input terminals will change the mini-
mum speed to x% instead of the minimum speed called out in Min Speed Menu. Al-
so, the external heat circuit is activated. When the contact opens, then the minimum 
speed in Min Speed Menu is used and the external heat circuit is turned off. 

System Relay Input 2 (9-05) 

This sets up how the system will respond to a dry contact closure across the input termi-
nals labeled System Relay Input 2. 

No – The remote input terminals are used for nothing. 

Remote ON/OFF – The remote input terminals are used for remotely turning the fans 
on and off, just as if the keypad FAN switch were pressed. A contact closure equals 
FAN ON. 

Remote Enable – The remote input terminals are used for remotely enabling or disa-
bling the ability of the fans to run. If this parameter is programmed, then an input will 
be required for the fans to run. A contact closure equals FAN ENABLE. A high tem-
perature alarm will override this function. 

100% on Closure – When a closure is made on the remote input terminals the asso-
ciated fan(s) will run at 100% speed. Fan speed will return to modulation when the 
closure is removed. 

T-stat & x% – A contact closure at the remote input terminals will change the mini-
mum speed to x% instead of the minimum speed called out in Min Speed Menu. Al-
so, the external heat circuit is activated. When the contact opens, then the minimum 
speed in Min Speed Menu is used and the external heat circuit is turned off. 

Bypass Timer  (9-06) 

If Item # 2 – 9 is selected, this sets the amount of time to leave the system in bypass 
mode after the 100%/RESET switch on the Keypad is pressed. Bypass mode can be 
turned off before the time has elapsed by pressing the 100%/RESET switch again. If 
Item 1 is selected, then bypass mode can only be turned off by pressing the 100%/RESET 
switch again. 
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Comfor t Mode Sensors (9-07) 

The comfort mode parameter enables the Intelli-Hood operator to act as an economizer. 
The kitchen and supply temperature RTDs may be wired to the I/O board terminals or to 
their respective plug-in receptacles. The keypad RTD may also be used for the kitchen 
sensor by moving the dipswitch on the Autocal board to Kitchen. The comfort mode 
setpoints may be modified in Parameters (9-26) and (9-27). 

Economizer: Comfort Mode is enabled, but the sensors are not being used to enhance 
the auto temp span feature. 

Auto Span: The space and SAT sensors are being used to enhance the auto temp span 
feature, but Comfort Mode is disabled. 

Econo+Auto: Comfort Mode is enabled and the space and SAT sensors are being 
used to enhance the auto temp span feature. 

Misc (9-08)  

If Item #1 is selected then there are no miscellaneous functions enabled. 

Winter Setback (Win SB): Temporarily increases the temperature span by one level 
when the kitchen temperature drops below 65 °F to use the heat being generated by 
the appliances to help heat the kitchen. 

Convective Cooling (Conv Cool): Temporarily decreases the temperature span by 
one level when the kitchen temperature rises above 75 °F to generate the feel of con-
vective cooling in the kitchen by means of increased airflow. 
Internal Bargraph (Int Bar, IB): The Keypad bargraph displays the speed that the 
system is sending to the VFD instead of reading the speed from the VFD. This will 
disable the VFD fault capability. 

System 24VAC Output (9-09) 

This sets up the function of the auxiliary 24VAC output accessible from the system 
menu. This parameter controls System 24VAC output. The same functions available in 
the hood menu are used here. 

No – The 24 VAC is not used and disabled. 

Exhaust Temp – The output is used for the exhaust temp alarm setpoint and operates 
according to the setting in Exhaust Temp Set Pt Menu. 

Smoke – The output is used as a smoke alarm. 24VAC will be sent to the I/O board 
terminals whenever the optic sensors detect smoke. 

Fan On – 24 VAC will be sent to the I/O board terminals when the hood is turned on 
and operating normally. If a fault is detected or the hood is not running, the 24VAC 
will turn off. 

MUA Damper – The output is used to control a damper. When the fans are turned 
on, 24 VAC is sent to the I/O board terminals. When the fans are turned off, the 
24VAC is turned off as well. 
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MUA Heat – The output is used to control make-up air heat. At default settings, 
when the kitchen temperature is less than 68 °F, the output energizes to send a signal 
to heat. If the supply air is less than 50 °F, a signal to heat will be given regardless of 
the space temperature. The minimum speed shall also change to 50% unless other-
wise specified in the Remote Input Menu, item Thermostat & x%. When the kitchen 
temperature is greater than 70 °F and the supply temperature is greater than 50 °F, the 
heat is off and the minimum speed in Min Speed Menu is used. The MUA heat 
setpoints may be changed in Parameters 9-29 and 9-30. 

MUA Cool – The output is used to call for cooling if the kitchen temperature rises 
above the setting in 9-31. When the setpoint is reached, 24VAC will be sent to the I/O 
board terminals. 

Momentary Relay – The output is used to control a momentary relay. When the fans 
are turned off, 24 VAC is sent for 3 seconds and then turned off. 

Fault – When the keypad is displaying a fault, then 24 VAC is sent until the fault is 
cleared. 

24/7 –24 VAC will be sent to the terminals constantly, regardless of if the fans are 
running. 

Optics Alignment Check (9-10) 

This will be entered when the installer is aligning the optic sensors. When Hood 1 is se-
lected, then the four-digit display will show a “H1-0” and the bar graph will display the 
signal strength that is being read by the optics channel #1. Use the following chart to de-
termine how the bar graph correlates to voltage: 

NO/NC Relay (9-11) 

This parameter is used to determine the function that will change the state of the system 
relay on the I/O board. The following parameters are options: 

No – The relay is not used and disabled. 

Exhaust Temp – The relay is used for the exhaust temp alarm setpoint and operates 
according to the setting in Exhaust Temp Set Pt Menu. 

Fans On – Status is changed when the system is turned on and operating normally. If 
a fault is detected or the system is not running, relay will be at the normal position. 

MUA Damper – The relay is used to control a damper. When the fans are turned on, 
status is changed on the I/O board terminals. When the fans are turned off, the status 
reverts back to the normal position. 

MUA Heat – The relay is used to control make-up air heat. At default settings, when 
the kitchen temperature is less than 68 °F, the relay changes status to send a signal to 
heat. If the supply air is less than 50 °F, a signal to heat will be given regardless of the 
space temperature. The minimum speed shall also change to 50% unless otherwise 
specified in the Remote Input Menu, item Therm&x%. When the kitchen temperature 
is greater than 70 °F and the supply temperature is greater than 50 °F, the heat is off 
and the minimum speed in Min Speed Menu is used. The MUA heat setpoints may be 
changed in Parameters 9-27 and 9-28. 
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MUA Cool – The relay is used to call for cooling if the kitchen temperature rises 
above the setting in 9-31. When the setpoint is reached, 24VAC relay will change sta-
tus. 

Momentary Contact – The output is used in lieu of a momentary input. When the 
fans are turned off, status is changed for 3 seconds and then reverts back to the nor-
mal position. 

Fault – When the keypad is displaying a fault, then relay changes status until the fault 
is cleared. 

Time Set (9-12)  

Entering this function brings opens the time set submenu. The SELECT switch will 
change the current setting, while the ENTER switch will accept the current setting and 
move on to the next parameter. The submenu headings are: 

C1: Hour Set 

C2: Minute Set 

C3: Day of Week Set (note: Day 1 is Sunday) 

C4: Month Set 

C5: Day Set 

C6: Year Set 

C7: Daylight Savings Time Set (1 = No DST, 2 = US DST, 3 = EU DST) 

Schedule 1 Active Days (9-13)  

This setting determines the days on which Schedule 1 will be active. 

Schedule 1 Star t (9-14)  

This parameter sets the start time for the first schedule. Entering this function brings 
opens the time set submenu. The schedules may only be started on the hour. The SE-
LECT switch will change the current setting, while the ENTER switch will accept the 
current setting and move on to the next parameter. The submenu headings are: 

C1: Hour  Set 

Schedule 1 Duration (9-15)  

This parameter sets the length of time the fans programmed for Schedule 1 
shall run with the selected option after the start time is reached. 

Schedule 1 Options (9-16)  

This parameter sets the option that will be used for Schedule 1. The options 
are: 

100% if On: If the fans are already running, then they shall operate at 
100% speed for the selected time frame. 

100% Sched: The fans will run at 100% speed for the selected time frame. 
If the fans are off, they will turn on at the beginning of the schedule. At 
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the end of the schedule, the fans shall either return to modulating via the 
sensors or turn off, whichever state the system was in before the beginning 
of the schedule. 

On/Off Sched: The fans will turn on at the beginning of the schedule and 
turn off at the end of the schedule. If the fans are already running before 
the beginning of the start time, they will continue running through the du-
ration and then turn off. The fans will modulate based on the sensors dur-
ing this time frame. 

Schedule 2 Active Days (9-17)  

This setting determines the days on which Schedule 2 will be active. 

Schedule 2 Star t (9-18)  

This parameter sets the start time for the first schedule. If the system is pow-
ered during the time span that this cycle covers, hoods programmed for 
Schedule 2 will run operate using the options programmed in Parameters 9-19 
and 9-20. Start time is programmed in the same manner as the Schedule 1 
Start and may also only be started on the hour. 

Schedule 2 Duration (9-19)  

This parameter sets the length of time the fans programmed for Schedule 2 
shall run with the selected option after the start time is reached. 

Schedule 2 Options (9-20)  

This parameter sets the option that will be used for Schedule 2. The options 
are: 

100% if On: If the fans are already running, then they shall operate at 
100% speed for the selected time frame. 

100% Sched: The fans will run at 100% speed for the selected time frame. 
If the fans are off, they will turn on at the beginning of the schedule. At 
the end of the schedule, the fans shall either return to modulating via the 
sensors or turn off, whichever state the system was in before the beginning 
of the schedule. 

On/Off Sched: The fans will turn on at the beginning of the schedule and 
turn off at the end of the schedule. If the fans are already running before 
the beginning of the start time, they will continue running through the du-
ration and then turn off. The fans will modulate based on the sensors dur-
ing this time frame. 

Schedule 3 Active Days (9-21)  

This setting determines the days on which Schedule 3 will be active. 

Schedule 3 Star t (9-22)  

This parameter sets the start time for the first schedule. If the system is pow-
ered during the time span that this cycle covers, hoods programmed for 
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Schedule 3 will run operate using the options programmed in Parameters 9-23 
and 9-24. Start time is programmed in the same manner as the Schedule 1 
Start and may also only be started on the hour. 

Schedule 3 Duration (9-23)  

This parameter sets the length of time the fans programmed for Schedule 3 
shall run with the selected option after the start time is reached. 

Schedule 3 Options (9-24)  

This parameter sets the option that will be used for Schedule 3. The options 
are: 

100% if On: If the fans are already running, then they shall operate at 
100% speed for the selected time frame. 

100% Sched: The fans will run at 100% speed for the selected time frame. 
If the fans are off, they will turn on at the beginning of the schedule. At 
the end of the schedule, the fans shall either return to modulating via the 
sensors or turn off, whichever state the system was in before the beginning 
of the schedule. 

On/Off Sched: The fans will turn on at the beginning of the schedule and 
turn off at the end of the schedule. If the fans are already running before 
the beginning of the start time, they will continue running through the du-
ration and then turn off. The fans will modulate based on the sensors dur-
ing this time frame. 

Keypad Function Disable (9-25)  

This parameter may be used to disable certain functions on the keypad. 

No – This is the standard mode. All keypad switches function normally. 

Fans – The LIGHTS switch functions normally. The FANS switch is disabled, but 
the 100% will ramp the fans to 100% if the fans are already running. System must be 
turned on and off through the remote on/off via the I/O board terminal strip. 

Lights – The FANS and 100%/RESET switch are operational. Pressing the LIGHTS 
switch does nothing. 

Bypass – The 100%/RESET switch is disabled, but the FANS switch will operate 
normally. 

Fans+Lights – The FANS and LIGHTS switches are disabled, but the 100%/RESET 
switch will ramp the fans to 100%/RESET if the fans are already running. System 
must be turned on and off through the remote on/off via the I/O board terminal strip. 

All – All system functions must be operated via the terminal strip. Pressing the 
FANS, LIGHTS, or 100%/RESET switches momentarily will do nothing. 

Fans+Byp –Only the LIGHTS switch is enabled. Pressing the FANS or 
100%/RESET switches momentarily will do nothing. 
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Byp+Lights – The FANS switch is the only active switch. Pressing the LIGHTS or 
100%/RESET switches momentarily will do nothing. 

Comfor t Mode Space Temp (9-26) 

This parameter allows the setpoints for comfort mode to be adjusted. The space tempera-
ture setting must be greater than the supply temperature setting. If an attempt is made to 
program a setting equal to or lower than the supply setting, an error beep will sound. 

Comfor t Mode Supply Temp (9-27)  

This parameter allows the setpoints for comfort mode to be adjusted. The supply tem-
perature setting must be lower than the space temperature setting. If an attempt is made to 
program a setting equal to or greater than the space setting, an error beep will sound. If 
the Tk>Ts setting is chosen, comfort mode will activate whenever supply temperature is 
less than the space temperature and space temperature is greater than the space setpoint. 

MUA Heat if Kitchen < (9-28) –  

This parameter allows the setpoint for energizing the heating circuit based on space tem-
perature to be adjusted when the MUA Heat option is selected in one of the 24VAC out-
puts or the system relay. 

MUA Heat if Supply < (9-29)  

This parameter allows the setpoint for energizing the heating circuit based on SAT to be 
adjusted when the MUA Heat option is selected in one of the 24VAC outputs or the sys-
tem relay. 

MUA Cool if Kitchen > (9-30)  

This parameter allows the setpoint for energizing the cooling circuit based on space tem-
perature to be adjusted when the MUA Cool option is selected in one of the 24VAC out-
puts or the system relay. 

Add. MUA Address (9-31)  

This parameter provides for addressing additional VFDs to be driven by the AUX signal. 
Additional addresses are 31 through 33. 

MUA VFD Software (9-32)  

This parameter provides for adjusting the communication protocol used for the VFDs be-
ing controlled by the AUX signal. 

Gain for  AUX Input (9-33)  

This parameter functions the same as the AUX Weighting in the hood menu, only it re-
fers to the external input from the I/O board. This function has no effect unless Parame-
ter 9-01 is set for average. 

Modem Options (9-34)  

This adds capability to set communication options. It enables and disables the auto dial-
out capability and also specifies if an analog, wireless dial-up, or wireless IP modem is 
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installed. For analog modems, an option is also selectable to first dial a “9” to retrieve an 
outside line. 

Datalog Sample Rate (9-35)  

This parameter sets the sample rate at which the system stores data. Parameters for 
datalogging are: 

• System will automatically log the operation of the active hoods connected to the 
processor. 

• When the memory is full, the earliest fan speed data will be over-written. This 
will create a “moving log” of system operation. 

US/SI Units Selection (9-36)  

This parameter allows for the adjustment of the temperature to be in either Fahrenheit or 
Celsius and for the time display to be either 12-hour or 24-hour. When the clock is set for 
24-hour mode, A or P will not be displayed with the day of the week. 

Day On/Day Off Monitor ing (9-37)  

This parameter forces the system to alternate between running at variable speeds and 
running at 100% speed. This may be used to provide real-comparison data when energy 
monitors are being used to verify energy savings. 

Smoke Density (9-38)  

This parameter sets the optics to act proportionally (Proportional) or at a fixed level of 
sensitivity that will send the fans to 100% speed once the programmed level is exceeded. 

Fire Safety (9-39)  

This parameter sets the hood(s) that will be affected in a temperature alarm condition. 
When set for Alarm Hood Only, only the fan associated with the alarming hood will turn 
on and operate at 100% speed. When set for All Hoods, the system will turn on all of the 
fans whenever a temperature alarm condition is met at any one of the hoods. 

Full Speed @ Star t (9-40)  

This determines the length of time that the fan will run at 100% at startup. If No is select-
ed (default), then the fan will immediately modulate based on temperature. 
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Troubleshooting Scenarios 

• VFD Fault 
o Tripped VFD breaker (no power) 
o Tripped drive 
o Poor cable connection 
o VFD Address (power down and back up if change is made) 
o VFD control wiring 
o IOP Programming 
o Faulty cable 

• Temperature Fault 
o Poor cable connection 
o IOP Programming 
o Faulty probe 
o Faulty cable 

• High Temp Alarm 
o Cable length 
o Sensor programming 
o Short cycle programming 
o Faulty cable 
o Faulty probe 

• Low Temperature Reading 
o Cable length 
o Sensor programming 
o Short cycle programming 
o Units programming 
o Faulty cable 
o Faulty probe 

• Optic Low-Signal Fault 
o Gain setting 
o Obstruction/Alignment 
o Dirty lens 
o Sensor programming (sensor setup/optic address) 
o Verify correct boards (i.e., emitter and receiver) 
o Poor cable connection 
o Faulty cable 
o Faulty sensor 

• Optic Saturation Fault 
o Gain setting 
o Hood too short 

• Keypad beeps repeatedly when IOP power is applied 
o Shorted APU 
o Shorted sensor cable 
o Shorted power cable 
o Keypad display is garbled 
o Keypad cable connection 
o Keypad cable 
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o Keypad 
o Autocal board 

• Unexpected system shutdown 
o Scheduling 
o Remote On/Off 
o Remote Enable 
o Auto On/Off 
o 100%/Emergency mode 

• Fans Do Not Drop to Minimum Speed 
o Verify temperature vs. temp span 
o Thermostat & x% programming (i.e., dry input) 
o Heat switch jumper on back of keypad not installed 
o VFD programming (address, min speed, preset frequency) 
o Check clock 

• Troubleshooting Tips 
o Unplug ribbon cable (disconnects all inputs on terminal strip) 
o When troubleshooting VFDs, disconnect other exhaust fans VFD cables 
o Cycle power on VFD after changing address 
o Cable pigtails/Signal designations 
o Verify clock programming 
o Version log (TBD) 

• Phone Fault 
o Check phone line (analog) 
o Verify correct phone number 
o Check antenna 
o Programming/Initialization (9-34; cycle IOP power if need to change) 
o Modem installed properly? 
o Fax switch. 
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Cable Troubleshooting Procedures 

Symptom 
Keypad beeps repeatedly when power board is switched on. 

Problem 
Short in 24Vdc to the APU fans. 

Solu tion  
Determine the hood that will: 

Turn switch on power board to off. 

Remove all hood cables from processor except Hood 1 cable. 

Turn power on. – If symptom repeats the bad cable is on Hood 1, else repeat steps 1 and 2 for 
each remaining hood. 

Determine the cable that will: 

Remove hood cable from header board. 
Turn power board on. – If symptom repeats hood cable is bad, else continue. 

Turn power board off. 

Remove all cables from first header board. 

Place Hood 1 hood cable and the optic cable in first header board. 

Turn power board on. – If symptom repeats optic cable is bad, else continue. 

Turn power board off. 

Place temperature cable in first header board. 

Turn power board on. – If symptom repeats temperature cable is bad, else continue. 

Turn power board off. 

Place APU to APU cable in first header board, and remove optic cable from the second head-
er board. 

Turn power on. – If symptom repeats APU to APU cable is bad, else continue. 

Turn power off. 

Place optic cable in second header board. 

Turn power on. – If symptom repeats optic cable is bad. 
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Symptom 
Low-Signal Optic Fault 

P roblem: 
Open or short across optic conductors. 

Solu tion : 
On the hood with the optic fault: 

Verify no blockage of beam and that gain switch is set properly; cycle fan button if any ad-
justments are made. 

Disconnect the temperature cable from the header board and cycle the fan button. 

Replace the hood cable and cycle fan button. 

Replace the APU to APU cable and cycle the fan button. 

Replace each of the optic cables one at a time cycling the fan button after each cable. 

Symptom 
Temperature fault or reading of 32 °F. 

Problem 
Open or short across temperature conductors. 

Solu tion  
On the hood with the temperature fault- 

Remove optic and APU to APU cables from first header board. – If symptom remains con-
tinue, else go to step 4. 

Remove hood cable from processor. 

Remove temperature cable from first header board and place in processor. – If symptom re-
mains temperature cable or probe is bad, else hood cable is bad. 

Place optic cable in first header board. – If symptom repeats optic cable is bad, else continue. 

Place APU to APU cable in first header board, and remove optic cable from the second head-
er board. – If symptom repeats APU to APU cable is bad, else continue. 

Place optic cable in second header board. – If symptom repeats optic cable is bad. 
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Symptom 
Keypad display is jumbled. 

Problem: 
Open or short in keypad cable. 

Solu tion : 
Replace keypad cable. 

Symptom: 
VFD fault or odd VFD behavior. 

P roblem: 
Open or short in a VFD cable. 

Solu tion : 
Disconnect all VFDs that are not directly connected to the IOP, cycle the fan button. 

Connect the second VFD to the first and cycle the fan button. 

Continue to add VFDs to the chain until the symptom repeats itself, at which point the last 
cable connected is defective and should be replaced. 
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D.1 Introduction 

Power and environmental monitoring sensors and dataloggers were installed in Bldgs. 3002 and 
18028 at Fort Lee, VA, on 9 through 12 April 2012. The baseline monitoring started on the 12 
April. Additional dataloggers were added to measure the VSD signals when the Melink Intelli-
Hood System was installed in Bldg. 18028 when the system started up on 4 June. 

Bldg. 3002 had been shut down as of 16 May for a 2-week retrofit, but the retrofit schedule was 
unknown. It was learned later that Bldg. 3002 would not be opened before 1 October 2012 (start 
of the new Federal fiscal year). Eventually a decision was made to it close Bldg. 3002 perma-
nently. Consequently, this report covers only Bldg. 18028. 

D.2 Monitored Systems 

The main kitchen in Bldg. 18028 has two large double island mounted canopy exhaust hoods. 
They are served by exhaust fans EF-1 and EF-2. MAU-1 is interlocked with EF-1 and MAU-2 is 
interlocked with EF-2. These two exhaust fans and MAUs were selected for the demonstration 
project. Also, two exhaust fans serve the pot-washer area of the main kitchen. Makeup air for 
these exhaust fans is provided by AHU-5. Table D-1 lists the individual exhaust fans in the 
serveries that account for the remainder of the exhaust flow rate. The balance of the makeup air 
is from the AHUs, which provide occupancy ventilation air in the dining, kitchen, and storage 
areas. One item to note is that temperature sensors were retrofitted into many of the exhaust 
hoods before the retrofit project. These were used as control sensors by the BAS to turn on the 
exhaust fans as needed when hood interior temperatures exceeded an estimated 90 °F during 
non-operating hours. Due to the interlock between the exhaust fans and MAUs, the MAU would 
also turn on when the exhaust fan came on. Generally, once the signal was triggered, the exhaust 
fan and MAU would stay on for nearly an hour before shutting down. Table D-2 lists the make 
and model of the monitored exhaust hoods, exhaust fans, and MAUs. Table D-3 lists the appli-
ances under each exhaust hood. All of these are classified as either light or medium duty under 
ASHRAE Standard 154, Ventilation for Commercial Cooking Operations. 

Table D-1.  Bldg. 18028 Kitchen Ventilation Rates. 

 

Total 
Exhaust 
(CFM) 

Total OA 
(CFM) 

# 
Exhaust 

Fans 

# 
Makeup 

Fans 
Total Building Ventilation 66,460 72,830   
Total Kitchen/Servery 
Ventilation 

63,290 47,450 21 14 

DCV Retrofit 30,240 24,200 2 2 
DCV Retrofit % of Total 
CFM 

48% 51%   

Table D-2.  Monitored Systems Specifications. 

System Make/Model 
Design 
CFM hp 

H-1 & 2 (EF- Gaylord Hoods/Greenheck Fan SWB-230-140- 15,120 15 
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System Make/Model 
Design 
CFM hp 

1) C4-UB-6 
MAU-1 Greenheck MSX-122-H35-DB 15,120 7.5 
H-3 & 4 (EF-
2) 

Gaylord Hoods/Greenheck Fan SWB-230-140-
C4-UB-6 

12,100 15 

MAU-2 Greenheck MSX-122-H35-DB 12,100 7.5 

Table D-3.  Appliances Under Hoods H1, H2, H3, and H4. 

Exhaust Hood Appliance Type Make/Model No. Fuel Type 
Rated Input Power  

(kBtu/hr) 
Rated Input Power  

(kW) 

Hood 1 Tilting Skillet Blodgett 4 Gas 144  

  Gas Range Garland 1 Gas 132  

 Oven Convection Garland 1 Gas 120  

  Food Warmer Kettle Blodgett 2 Electric  14.4 

  Kettle Steam Jacketed Blodgett 4 Gas 145  

Hood 2 Oven Convection Garland 3 Gas 120  

  Gas Range Garland 1 Gas 198  

  Convection Pro Cleveland 3 Gas Not known  

  Self-Cooking Center Rational 1 Gas Not known  

  Warming Oven Halo Heat 1 Electric  1.8 

  Combi Oven Blodgett 1 Gas 215  

  Warming Oven Crescor 1 Electric Not known  

  Oven Convection Garland 2 Gas 120  

D.2.1 Monitor ing Per iods 

The pre-retrofit monitoring period ran from 12 April 2012 to 28 May 2012. The installation of 
the Melink Intelli-Hood System started on 29 May 2012 and it was activated on 5 June 2012. 
The post-retrofit monitoring period ran from 6 June 2012 to 31 July 2012. Due to a fault in one 
of the monitored exhaust fans (EF-2) in the pre-retrofit period and loss of space temperature data 
during a 15-day period in the post-retrofit period, the analysis is divided into three parts: 

1. The pre-retrofit period from 12 April through 23 May when EF-2 was not operational. 

2. The pre-/post-retrofit from 24 May through the installation period (29 May – 5 June), to 26 June.  

3. The period from 27 June through 31 July, including the period from 27 June to 5 July when space 
temperature data were not recorded due to full dataloggers. 

Monitoring continued through the end of July 2012 due to control issues with the MAUs. There 
were only a few days during the 110-day monitoring period when the Discharge Air Temperature 
(DAT) from both units was simultaneously properly controlled based on the heating and cooling 
setpoints and the OAT. 
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D.2.2 Kitchen Ventilation Control Sequence 

Figure D-1 shows the exhaust fan and MAU sequence of operations from the notes on Drawing 
7455-MI-601. 

 

Figure D-1.  Exhaust and MAU Sequence of Operations. 

D.2.3 Melink Intelli-Hood

The Melink system requires VSDs on the exhaust fans and MAUs. All of the monitored systems 
had VSDs installed as part of the original construction and they were not replaced as part of the 
project. The VSDs were programed to run at 100% design speed before the retrofit. Both MAUs 
are interlocked with their respective hood fans. 

 Controls 

The Melink controls will command the VSDs to run at a speed of 40% when internal hood tem-
peratures of 75 °F, assuming no smoke or steam is generated by the appliances. This is the low-
est speed programmed into the controls. The fans will ramp to 100% speed with increasing inter-
nal hood temperatures, up to 110 °F. In addition, the controls will cause the fans to ramp to 
100% speed whenever smoke or steam are detected by the optical sensors. To provide flexibility 
for operations, both exhaust hood fans are controlled by manual switches. These should be 
turned off after operations are complete and turned on at startup in the morning. 

D.2.4 Monitored Data Points 

Figure D-2 shows a plan view of the location of the four temperature and humidity data sensors 
in the kitchen. Each sensor was located on a wall about 12 in. below the ceiling (which was 
about 9 ft. above the floor). This location was selected to avoid accidental damage or removal of 
the sensors. Although they are located above the occupancy zone (7 ft. above the floor), the large 
air exchange rate in kitchens creates sufficient mixing such that the recorded temperature and 
humidity would be representative of the occupied zone temperatures. Power transducers and a 
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datalogger were placed in the electrical room to record electrical power use. After the Melink 
Intelli-Hood system was installed, variable speed dataloggers were connected to the VSDs on 
each unit. All data were recorded at 5-minute intervals, except for the VSDs, which were record-
ed at 1-minute intervals and averaged to 5 minutes. 

 

Figure D-2.  Plan View of T/RH Logger  Locations (Red Dots). 

D.3 Pre-Retrofit Per iod 12 Apr il – 23 May 2012 

D.3.1 EF-1, MAU-1, and MAU-2 Fan Power  

Figure D-3 shows the average power use profile for EF-1, MAU-1, and MAU-2 during the pre-
retrofit period. Note that EF-2 had an existing motor fault at the beginning of monitoring, which 
was resolved by installation of a new motor on 23 May. The data in Figure D-3 show that the 
power profile from 0430 to 0600 for EF-1 and MAU-1 is due to a later start up on Saturdays and 
Sundays. MAU-2 ran overnight on all of the 40 nights in the pre-retrofit period except for six. 
MAU-2 should have shut down every night as scheduled, but probably ran due to the lack of a 
valid control signal from EF-2. The power data collected in this period overstates the expected 
power use for MAU-2. 

Figure D-8 (p D-8) shows the time series for EF-1, MAU-1, and MAU-2 power use. Figure D-9 
shows the DAT for MAU-1 and 2, and OAT. Figure D-10 shows the time series for the four 
space temperature sensors. 

1 

Hood #1 Hood #2 

2 

3 

4 
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Figure D-3.  MAU-1, MAU-2, and EF-1 Average Power  by Time of Day. 

Figure D-4 shows the OAT versus DAT profile for MAU-1, which indicates that it operated 
within the design setpoints, except that the heating setpoint for a good portion of the time was set 
at 68 °F instead of 60 °F. The OAT is based on data from a public website for a weather station 
near Fort Lee. 

The data in Figure D-5, however, show that MAU-2 was overcooling. As the OAT increased 
above 60 °F, the DAT should have followed the OAT until it reached 80 °F and at that point 
cooling should have maintained the DAT at roughly 80 °F. The points displayed in Figures D-3 
and D-4 were filtered for power readings greater than 3 kW for each MAU (to assure that the 
units were powered up). 
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Figure D-4.  OAT vs MAU-1 DAT When MAU-1 Power  is On. 

 

Figure D-5.  OAT vs MAU-2 DAT When MAU-2 Power  is On. 
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D.3.2 Kitchen Space Temperatures 

Figure D-6 shows the average daily profile for the four temperature sensors in the kitchen. Space 
temperatures should be no higher than 80 °F, but due to spillage from Hood 3 / 4 (EF-2), temper-
atures during the day for Locations #1 and #3 are higher than normal during operational hours. 
Figure D-7 shows the average DAT from MAU-1 and MAU-2, and the OAT. The setpoints 
shown in Figure D-1 indicate that MAU-2 is over-cooling. Space Temperature Location #2, 
which is the lowest in this series, is closest to Hood 3 / 4. The discharge from MAU-2 is likely 
causing the cooler readings. 

 

Figure D-6.  Average Space Temperatures by Hour  Dur ing Pre-Retrofit Per iod, EF-2 Not 
Working. 

 

Figure D-7.  Average DAT for  MAU-1 and MAU-2 Compared to Average OAT. 
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D.3.3 Pre-Retrofit Time Ser ies Char ts 13 Apr il – 23 May 2012 

 

Figure D-8.  Time Ser ies MAU-1 & 2, EF-1 Power , 13 Apr il – 23 May. 

 

Figure D-9.  Time Ser ies OAT and DAT for  MAU-1 & 2, 13 Apr il – 23 May. 
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Figure D-10.  Time Ser ies Space Temperatures, 13 Apr il – 23 May. 
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D.4 Pre-/Post-Retrofit Per iod 24 May – 26 June 2012 

The EF-2 fan motor was replaced on 23 May. Up to that point, MAU-2 ran 24/7 for the most 
part, causing the building to be over-pressurized. The heat and cooking effluent from appliances 
under Hoods 3 and 4 (served by EF-2) were no doubt spilling into the space, although some 
would also leave the building through the EF-2 ductwork due to the pressure created by MAU-2. 
Valid power data for EF-2 are available from 24 May through 28 May in the pre-retrofit period. 

The Melink equipment installation started on 29 May and was completed on 5 June. Note that 
during the installation period, the normal hood controls were bypassed and the systems ran 24/7 
for several nights. The installation period was excluded from evaluation of the pre- and post-
retrofit power use evaluation. 

D.4.1 EF-1, EF-2, MAU-1, and MAU-2 Fan Power  

Figure D-13 shows that, on Saturday, 9 June, EF-2 tripped off due to a fault at 0630. It was no-
ticed and restarted by Bob Andrus (DPW Energy Manager) while downloading the dataloggers 
on 14 June at 1500. 

Figure D-14 shows that MAU-2 DAT control is not conforming to the design setpoints. For the 
first 5 days before the Melink system installation was started, MAU-2 should be following the 
OAT during the day, but it appears to be over-cooling. For about 3 days after the VSD system 
was installed, OAT is below 80 °F, and cooling and heating should be locked out, but the 
MAU-2 DAT is often above 80 °F, indicating that the unit is in heating mode. Note that the VSD 
speed was about 40% overnight. This is due to the heat from appliances that keep the exhaust 
hood running above the threshold temperature. During the pre-retrofit period, EF-2 cycled on 
most nights due to excessive heat in response to the retrofitted hood temperature sensors. These 
sensors were bypassed when the Melink system was installed, and essentially replaced by the 
duct collar temperature sensors installed by Melink. After EF-2 shuts down again, the MAU-2 
DAT profile seems to be in normal operation mode. 

D.4.2 Kitchen Space Temperatures 

Figure D-15 shows that the average space temperatures for about 3 days after the Melink system 
installation are above 80 °F during operating hours due to over-heating from MAU-2. After EF-2 
shuts down on 9 June, the average space temperatures are again above 80 °F during operating 
hours due to Hood 3/4 spillage. Note that some conditioned makeup air is provided by AHU-5 in 
the kitchen space (and from other AHUs as transfer air from other spaces). This project did not 
monitor the DAT from diffusers supplied by AHU-5, but its performance was also influencing 
the temperature profile of the kitchen space. 

The hoods should be shut down manually at night, but the exhaust fans and MAUs are running at 
idle (40% VSD%) during this period. The higher than normal space temperatures appear to be 
causing the VSD system to run after normal operating hours. Another possible source of heat that 
was not monitored is the appliances under the exhaust hoods, which may contribute to higher 
space temperatures if some of them are idling overnight. 
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Figure D-11 shows that the average of the four space temperatures, and that the post-retrofit av-
erage is about 5 °F higher than the pre-retrofit. This plot excludes data from 9 June through 14 
June because EF-2 had experienced a fault and was offline. 

Figure D-12 shows the pre-/post average daily OAT profile. The outside air was warmer by 
roughly 5 to 10 °F in the post-retrofit period, and within the MAU dead band between 60 °F and 
80 °F for the better part of the operational period (0430 to 1900). To the extent that the MAU 
DATs were operating correctly, the outside air would be drawn in un-tempered and contribute 
directly to the warmer space conditions in the post-retrofit period. 

Due to the control issues with the DAT of the MAU, plus the generally warmer outdoor air tem-
peratures as time progressed into the summer months, it is uncertain that the retrofit contributed 
to the increase. 

 

Figure D-11.  Average Daily Space Temperature Profile, Pre-/Post-Retrofit. 
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Figure D-12.  Average OAT, Pre-/Post Retrofit. 
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D.4.3 Pre-/Post-Retrofit Time Ser ies Char ts 24 May – 26 June 2012 

 

Figure D-13.  Time Ser ies EF-1 and EF-2 Pre- and Post-Retrofit Power  Use. 
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Figure D-14.  Time Ser ies OAT and MAU-1 and 2 DAT Pre- and Post-Retrofit. 
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D.5 Post-Retrofit Per iod 27 June – 31 July 2012 

D.5.1 EF-1, EF-2, MAU-1, and MAU-2 Fan Power  

At the end of the Pre-/Post Period, as noted in the previous section, both MAUs were meeting 
setpoint starting 19 June. Both MAUs continued meeting setpoint until 6 July when MAU-1 
started over-cooling and remained in that condition until the end of monitoring. The exhaust fans 
and MAUs performed as expected from late June until the end of the monitoring period. 

Figures D-17 and D-18 show the power use time series for EF-1, MAU-1, EF-2, and MAU-2. 
Figure D-19 shows the OAT and DATs for MAU-1 and MAU-2. Both MAU DATs were meet-
ing the setpoint during a major heat storm in early July. 

D.5.2 Kitchen Space Temperatures 

As shown in Figure D-15, the space temperatures are generally below 80 °F all day, with the ex-
ception of Space Temperature Location #2, which is at about 85 °F from noon to operations 
shutdown around 1900 hours. At that point, it jumps up due to the slower fan speeds of the EF-2 
and MAU-2. The gaps in the data are due to a data filter that excluded temperatures where the 
fan and makeup air power is less than 0.50 kW. 

Figure D-16 shows that MAU-1 was predominantly overcooling during this period. MAU-2 
DAT was close to the upper limit of 80 °F and thus working according to design. 

 

Figure D-15.  Average Space Temperatures by Hour  Dur ing Post-Retrofit Per iod. 
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Figure D-16.  Average DAT for  MAU-1 and MAU-2 Compared to Average OAT. 
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D.5.3 Time Ser ies Char ts 26 June – 31 Jul 2012 

 

Figure D-17.  Time Ser ies EF-1 and MAU-1 Pre- and Post-Retrofit Power  Use. 
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Figure D-18.  Time Ser ies EF-2 and MAU-2 Pre- and Post-Retrofit Power  Use. 
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Figure D-19.  Time Ser ies OAT and MAU-1 and 2 DATs Post-Retrofit. 
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D.6 Summary of Findings 

D.6.1 Pre-Retrofit 

1. Exhaust Fan EF-2 motor was replaced at about noon on 23 May. As noted in previous reports, 
higher than expected space temperatures have been recorded due to spillage of air from the cook-
ing processes under Exhaust Hood #2. There were only 5 days between starting EF-2 and the be-
ginning of the retrofit process on 29 May. 

4. MAU-2 ran almost continuously overnight during the 40 days before installation of new motor for 
EF-2 (it shut down over 6 nights). The power use during this period was more than what would be 
typical. 

5. MAU-2 was overcooling during the pre-retrofit period. It was investigated by DPW staff and cor-
rected shortly before the retrofit, but it went out of control again during the post-retrofit period. 

6. MAU-1 performed per the design setpoints during the pre-retrofit period. 

D.6.2 Post-Retrofit 

1. EF-2 shutdown for unknown reasons early on Saturday, 9 June 2012. It was restarted on Thursday 
14 June after it was observed to be off during the datalogger download. 

7. The exhaust fans and MAUs ran overnight for most of the post-retrofit period. Both MAUs are 
interlocked with their respective hoods and the MAUs and EFs are programmed to run at a VSD 
speed of 40% at internal hood temperatures of 75 °F, assuming no smoke or steam is generated by 
the appliances. In addition to ramping to 100% speed when smoke or steam are detected, the 
Intelli-Hood controls ramp the fan to 100% speed with increasing internal hood temperatures, up 
to 110 °F. To provide flexibility for operations, both fans are controlled by a manual switch. For 
unknown reasons, perhaps higher space temperatures and/or the relatively quiet operation at 40% 
speed, the staff did not typically shut the hoods overnight during the post-retrofit period. This is a 
missed savings opportunity, although the benefit of running at 40% speed is that fan power signif-
icantly reduced (10% of full speed power) while excess heat is removed. 

8. MAU-1 operated close to the expected sequence until the 6 July, when it began to provide exces-
sive cooling. 

9. MAU-2 appeared to be in heating mode at times that is should be not be heating or even providing 
cooling. BAS data did not show that the heating coil valve open, but DPW staff said that the valve 
may be leaking. Much of the apparent overheating occurred in the evenings and overnight when 
the exhaust fans and makeup air fans were on low speed. 

Figures D-20 through D-23 show the average daily power profile for weekdays, weekends, and 
all days for EF-1, EF-2, MAU-1, and MAU-2. Note that, for EF-2, the power was adjusted to 
exclude days when EF-2 was not powered on, including all days before 23 May, and 9–14 June. 



 

ESTCP Final Report Guidance: 
Energy and Water Projects 167 April 2014 

D.6.3 Pre- and Post-Retrofit Daily Average Profiles 

 

 

 

Figure D-20.  EF-1 Average Daily Power  Profiles, Weekdays, Weekends, and All Days. 
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Figure D-21.  EF-2 Adjusted Average Daily Power  Profiles, Weekdays, Weekends, and All 
Days. 
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Figure D-22.  MAU-1 Average Daily Power  Profiles, Weekdays, Weekends, and All Days. 
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Figure D-23.  MAU-2 Average Daily Power  Profile, Weekdays, Weekends, and All Days. 
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D.7 Summary of Savings 

D.7.1 Fan Power  

Fan power was evaluated for the pre- and post-retrofit periods. Data during the installation peri-
od, from 29 May through 5 June, were excluded. Table D-4 lists the summary of savings using 
average pre- and post-retrofit daily power use. Annual savings, based on 350 days of operation, 
is about 92,600 kWh, or about $9,260/year based on $0.10/kWh. 

Additional savings, on the order of about 15 kWh/day could be achieved in the hoods were man-
ually shutdown every night. However, the amount of heat generated under Hoods 3 and 4 (served 
by EF-2 and MAU-2), seems to be causing overnight cycling that would reduce the additional 
savings. It is likely that one or more appliances are idling overnight on a regular basis. 

Table D-4.  Summary of Daily Electr ic Use. 

kWh/day 
Pre-

Retrofit 
Post-

Retrofit Savings 
%  

Savings 
EF-1 153.7 79.8 73.9 48% 
MAU-1 82.2 44.6 37.7 46% 
EF-2 214.2 115.8 98.4 46% 
MAU-2 114.6 60.0 54.6 48% 
TOTALS 564.8 300.2 264.6 47% 

Figures D-24 through D-26 show 1 day power vs. VSD% scatter plots for 6 June, for EF-1, EF-2, 
and MAU-2. These curves are typical for exhaust fans and rooftop units. 
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Figure D-24.  EF-1 VSD%  and Power . 

 

Figure D-25.  EF-2 VSD%  and Power . 

kW = 7E-05VSD2.6082

R² = 0.971

0

2

4

6

8

10

12

0 20 40 60 80 100 120

kW

Variab le Speed Drive %

EF-1 VSD% and Power
6 June 2012

y = 7E-05x2.6088

R² = 0.9923

0

2

4

6

8

10

12

0 20 40 60 80 100 120

kW

Variable Speed Drive %

EF-2 Power vs VSD%



 

ESTCP Final Report Guidance: 
Energy and Water Projects 173 April 2014 

 

Figure D-26.  MAU-2 VSD%  and Power . 

D.7.2 Heating and Cooling Savings Estimate 

The reduction in fan speed occurs when cooking levels are low. Reduced kitchen hood exhaust 
air results in less replacement air coming into the kitchen. Thus less outdoor air is needed to ven-
tilate the kitchen, which saves heating energy in the winter and cooling energy in the summer. 
Table D-5 lists the fan power and airflow rate savings. Note that exhaust airflow savings are 
greater than the MAU savings. This additional reduction in exhaust air results in less outdoor en-
tering the building by infiltration or in the other building AHUs. 

Table D-6 lists heating energy savings. The estimated natural gas energy savings totaled 644 mil-
lion Btu (6,436 therms) per year. This amounts to a heating energy cost savings of $3,600 per 
year. Table D-7 lists cooling energy savings. The reduced outside airflow saved an estimated 
27.8 million Btu per year in cooling energy. Using a CoP of 3, this equals 2,700 kWh per year. 
The heating and cooling energy savings were estimated using the Outdoor Air Load Calculator. 
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Table D-5.  Estimated Air Flows Due to Lower Fan Motor Speed Reduction, Bldg. 18028. 

Ventilation 
Equipment 

Pre-
Retrofit 

(kW) 

Assumed 
Pre-

Retrofit 
(VSD% ) 

Measured 
Airflow 

Rate 
(CFM) 

Post-
Retrofit 

(kW) 

Average 
Post-

Retrofit 
Calculated 
(VSD% ) 

Estimated 
Post-

Retrofit 
Airflow 

Rate 
(CFM) 

Airflow 
Savings 
(CFM) 

Airflow 
Savings 

(% ) 
EF-1 6.4 100 16,881 3.3 67.88 11,459 5,422 32% 
MAU-1 3.4 100 14,441 1.9 67.57 9,758 4,683 32% 
EF-2 8.9 100 18,148 4.8 77.50 14,065 4,083 23% 
MAU-2 4.8 100 14,193 2.5 74.78 10,613 3,580 25% 

Table D-6.  Heating Energy Savings, Bldg. 18028. 

Supply Air 
Unit 

Airflow 
Savings, 

CFM 

Heating 
Saving, 
kBtu 

Heating 
System 

Efficiency 

Annual Heating 
Saving 

(Therms) 
Cost/ 

Therm 
Heating Cost 

Savings 
EF-1 5,422      
MAU-1 4,683 253,647 80% 3,171 $0.55608 1,763 
EF-2 4,083      
MAU-2 3,580 193,905 80% 2,424 $0.55608 1,348 
Infiltration 1,243 67,299 80% 841 $0.55608 468 
TOTAL    6,436 $0.55608 3,579 

Table D-7.  Cooling Electr ical Energy Savings, Bldg. 18028. 

Supply Air 
Unit CFM 

Cooling 
Load 

Savings 
(kBtu) 

Cooling 
Electr ical 
(kWh/yr) 

Cost/kW
h 

Cooling Cost 
Savings 

MAU-1 4,683 15,756 1,539 $0.0748 $115 
MAU-2 3580 12,045 1,176 $0.0748 $88 
Total  27,801 2,715 $0.0748 $203 
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Appendix E: Energy Monitor ing DCV Base Exchange, Ellswor th AFB, SD 

Energy Monitoring  
Demand Control of Kitchen Exhaust Ventila-

tion  
Base Exchange, Ellsworth AFB, SD 

Final Report for Baseline & DCV Measurements 
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E.1 Introduction 

The BX Food Court has three quick service restaurants (QSRs): Burger King, Charley’s, and An-
thony’s Pizza. Most of the drawings available for the BX building are dated January 1990 and 
reflect design conditions for Anthony’s Pizza and Robin Hood brand QSRs. These restaurants 
were located in the same spaces as the current Burger King and Charley’s. Anthony’s Pizza is 
adjacent to Charley’s, but is not part of the retrofit project because the exhaust hood is small and 
generally the load from the conveyor pizza ovens is very uniform regardless of cooking activity. 
Therefore, it is not a good candidate for a variable speed control system. 

The air balance and design information on the 1990 drawings do not show current operating 
conditions for Burger King or Charley’s. A newer drawing without title block shows the appli-
ances in the Burger King, but does not show the appliances in the space for Charley’s. 

The original project plan included 3 weeks of pre- and post-retrofit monitoring at a 5-minute re-
cording interval of fan power, space temperatures, and discharge air temperatures (DAT) for 
MAUs, and other SATs from other AHUs (if available). Additionally, the plan included logging 
the VSD signal after the installation of the Melink Intelli-Hood system. Savings estimates are 
based on direct measurement of electrical power and on calculations of heating and cooling sav-
ings from reducing the amount of conditioned makeup air. 

This report discusses the pre- and post-retrofit energy use and space temperatures and some con-
trols issues. Other information, such as the datalogger and sensor specifications, will be present-
ed in the overall final project report. 

E.2 Background 

Power and environmental monitoring sensors and dataloggers were installed at Burger King and 
Charley’s on 8 October 2012. The pre-retrofit baseline monitoring started on 9 October and end-
ed 4 December (56 calendar days). The change from Daylight Savings to Standard time required 
adjusting time stamps to reflect the clock reset from 2 a.m. to 1 a.m. on 4 November 2012. Addi-
tional dataloggers were added on 5 December to measure the VSD signals after the Melink 
Intelli-Hood

E.2.1 Monitored Equipment 

 System was installed. The post-retrofit period ran from 8 December 2012 to 
18 January 2013 (42 days). 

Table E-1 lists the equipment that was retrofitted with VSDs. The equipment nameplates show a 
manufacturing date of 07 November 2008 for Charley’s and November 2010 for the Burger King 
exhaust fan. The exhaust hoods were controlled by manual switches during the pre-retrofit peri-
od. The Melink Intelli-Hood system controlled the exhaust hoods during the post-retrofit period. 
The exhaust fan and MAU for Charley’s were powered from the same 15-amp 208v circuit 
breaker. Consequently, power and VSD signals are analyzed as a combination. 
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Table E-1.  Monitored Equipment. 
Area Served Item Make/Model Motor Size 
Charley’s Exhaust Fan (EF-1) Thermotek BDU20TH 1.5 hp, 4.7 FLA 
Charley’s MAU  Captive Aire A2-D.500-G15 3 hp, 9.5 FLA 
Burger King  Exhaust Fan Cook 150 CPS CL1 2 hp (2200 CFM) 

E.3 Weather  

Hourly weather data for the analysis were obtained from weathersource.com for Ellsworth AFB. 
These data were linearly interpolated to allow integration with the 5-minute dataset. Figure E-1 
shows the times series profile for OAT during the monitoring period. Figure E-2 shows that the 
average OAT was more than 15 °F lower in the post-retrofit period compared to the pre-retrofit 
period. 

 

Figure E-1.  OAT dur ing Monitor ing Per iod. 
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Figure E-2.  Pre- and Post-Retrofit Average Daily OAT Profile. 

E.4 Burger  King 

The Burger King exhaust hood is a custom designed Gaylord wall-mounted close-proximity 
hood. Melink measured an exhaust rate of 2,788 CFM on 6 December 2012 while the exhaust 
fan was at full speed. The cooking appliances under the hood include a gas 3-vat fryer, an 18-in 
gas fryer, and a gas chain broiler. A French fry freezer was located under the hood, and a meat 
freezer was located in front of the chain broiler, but outside of the hood. 

The replacement air for the Burger King hood comes from AHU-4, the air handling unit (AHU) 
that provides the general ventilation for Burger King and Charley’s. Replacement air may also be 
drawn from the general seating area in the Food Court, which is served by AHU-5. 

Table E-2 lists Burger King’s typical hours of operation for cooking appliances and exhaust 
hood. 

Table E-2.  Burger King Exhaust Hood Hours of Operation. 
Day Type Start (hours) Stop (hours) 
Weekday (Mon – Fri) 0600 1900 
Saturday 0700 2000 
Sunday 0900 1900 
Holiday Reduced hours or closed. 

E.5 Burger  King Exhaust Fan 

The power use of the BK Exhaust fan changed over the pre-retrofit monitoring period due to fac-
tors not related to the retrofit. Figure E-3 shows that the power gradually declined about a week 
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before installation of the Melink controls. This type of power reduction is usually associated with 
a slipping fan belt. On Saturday, 1 December, the fan belt failed and was replaced (see Figure E-
4). After startup the fan power increased about 0.3 kW above what it had been in the first 
6 weeks of the monitoring period. 

The change in power level suggests that from the beginning of the monitoring period (and per-
haps earlier), the fan belt slippage resulted in lower airflow than design because the fan itself 
would not turn as fast. The data sample is more than adequate, but does not represent the as-
designed airflow rate and therefore the expected power level. The project team decided to use the 
power level after the fan belt was replaced as the pre-retrofit power level. About 4 days of data 
were taken after the fan belt was replaced, from the afternoon of 1 December through 1700 hours 
on 5 December. During operation in this period, the exhaust fan hourly power level was about 
1.14 kW. The standard schedule of weekday operation is from 0600 hours to 1900 hours. Thus 
pre-retrofit daily weekday consumption is estimated to be 15.3 kWh. 

Figure E-5 shows Burger King fan power during the post-retrofit period. 

There appear to be four periods of time in which the daily power profile changes in the post-
retrofit dataset (described in Table E-3). Table E-4 lists the results of an analysis of the average 
power during operations in each period. 

 

Figure E-3.  Pre-Retrofit Burger  King Exhaust Fan Power  Profile. 
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Figure E-4.  Power  Profile Before and After  Fan Failure. 

 

Figure E-5.  Post-Retrofit Burger  King Exhaust Fan Time Ser ies Power  Profile. 

Table E-3.  Burger King Post-Retrofit Daily Power Profile Changes. 
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2 

Normal VSD operation 
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1/03/2013 Lower power during holiday period due to lower customer traffic  

1/04/2013 1/10/2013 Lowest power during operation increases from 0.4 kW to about 0.75kW 
after 5 January.*

1/12/2013 

 The exhaust fan stopped operating on Saturday 
1/11/2013 about 1 hour after startup. The reason for this shutdown is not 
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Start Finish Description 
*

Table E-4.  Burger King Analysis of Power Dur ing Post-Retrofit Per iod. 

Possibly due to partial melting of the Melink controller, which was identified in late March 2013 after monitoring was completed. 

Star t End 

Avg 24-
hour 
kW 

Days 
in 

Period 
Hours of 

Operation kWh/day 

Avg kW 
during 

Operation 
12/08/12 12/20/12 0.31 13 12.15 7.50 0.62 
12/21/12 01/03/13 0.24 14 11.29 5.74 0.51 
01/04/13 01/11/13 0.39 8 11.84 9.31 0.79 
01/13/13 01/18/13 0.45 6 11.92 10.83 0.91 

Figure E-6 shows the average daily power profile for the pre- and post-retrofit periods. The pre-
retrofit power at about 0.81 kW reflects the belt slippage noted previously. As discussed above, 
the pre-retrofit power for savings calculations will be 1.14 kW based on the power draw after the 
fan belt was replaced on 1 December. The average power during operating hours in the post-
retrofit period increased about 0.6 kW to about 0.9 kW. Due to the findings discussed above, for 
energy savings calculations, the best case at 0.62 kW represents 46% savings compared to the 
pre-retrofit power. The worst case at 0.91 kW represents a 20% savings. 

Additional investigation is required to determine the reason for the shutdown on Saturday, 
11 January. If the fan motor failed and was replaced, the baseline measurements are no longer 
valid. A new baseline could be determined by running the fan in by-pass mode at 100%. 
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Figure E-6.  Post-Retrofit Burger  King Exhaust Fan Average Daily Power  Profile Based on 
Weekday Data. 
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E.7 Burger  King Heating and Cooling Savings 

To estimate heating and cooling savings, the average reduction in airflow rates are calculated 
using the VSD fan speed data. Figure E-7 shows the VSD data for the Burger King exhaust fan. 
Figure E-8 shows a scatter plot of VSD speed versus power and a power equation to quantify the 
relationship. Due to problems downloading data from the VSD loggers, the available data ended 
on 4 January 2013, which is sufficient for calculating the average reduction in fan speed. 

The average post-retrofit exhaust fan speed percentage was 67.7% during normal operating 
hours. The pre-retrofit measured exhaust rate was 2,788 CFM. The post-retrofit average exhaust 
rate is calculated to be 1,887 CFM, resulting in an average savings of about 900 CFM. 

The Melink controls allowed the exhaust fan to run overnight at 20% on most nights. The power 
level at this speed is very low, below 100 Watts, but the controls should allow the fan to be shut 
off. The fan ran at 50% speed on 8 nights out of 29 nights. The reason for the higher level is not 
known. 

 

Figure E-7.  Burger  King Exhaust Fan VSD% . 

 

Figure E-8.  Burger  King Exhaust Hood VSD%  vs. Fan Power . 
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The Outdoor Air Load Calculator*

E-6

 was used to estimate the savings in makeup air heating and 
cooling energy (see Appendix A for calculation details). Rapid City, SD, was selected as the 
weather data site for the calculations. Since Burger King relies on outside air introduced by air 
handing units in the Base Exchange, there is no MAU to control based on exhaust hood fan 
speed. The setpoints assumed were 60 °F for heating and 70 °F for cooling based on inspection 
of the DAT from AHU-4. The data in Table  summarize estimated energy and cost savings, 
assuming that outside ventilation air could be modulated based on changes in exhaust hood fan 
speed. 

Table E-6.  Burger King Annual Heating and Cooling Load Cost Savings. 
Heating Load 59,724 kBtu 
Gas Furnace Efficiency 80%   
Gas Input 74,655 kBtu 
Gas Input 747 Therms 
Gas @ $0.75/Therms $559.91 Cost Savings 
     
Cooling Load 7,021 kBtu 
Average CoP 2.5   
Electric Input 823 kWh 
Cooling Electric @ 
$0.08/kWh 

$65.85 Cost Savings 

Total Estimated Cost Savings $625.76   

E.8 Burger  King Kitchen Space Temperatures 

Conditioned air in the Base Exchange is provided by AHUs with hot water and chilled water 
coils. AHU-4 serves the kitchen space for Burger King and Charley’s and provides most of the 
conditioned makeup air for Burger King. Both Burger King and Charley’s serving areas are open 
to the Food Court and general retail areas. Some makeup air may come from these areas, which 
are served by AHU-5. 

Four temperature and humidity loggers were placed on the walls in the Burger King kitchen, 
about 1 ft. below the ceiling using Velcro tape. The placement height was selected from experi-
ence with previous datalogging projects. Although the height is above the occupied zone, the 
recorded data provide representative differences between pre- and post-retrofit conditions. The 
height also discourages tampering, theft, or loss of the dataloggers. Figure E-9 shows the floor 
plan and the approximate placement of the loggers. 

Figure E-10 shows the pre- and post-retrofit daily average discharge air temperature from AHU-
4 at diffuser located in the middle of the Burger King kitchen. The occupied discharge air tem-

                                                 

* www.fishnick.com/ventilation/oalc/oac.php 
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perature setpoint appears to be about 60 °F. After hours the AHUs are off and the temperature at 
the diffuser ranges between 70 and 75 °F. 

Figures E-11 through E-15 show the space temperatures over the monitoring period. Loggers 2 
and 4 either lost adhesion to the wall or were removed toward the end of the post-retrofit period 
and were placed on top of an un-hooded oven. This accounts for the temperature spikes. Logger 
2 also took an excursion either into a cooler/freezer or outside for about an hour. Logger 3 (Fig-
ure E-15) also experienced spikes above 80 °F due to its proximity to the three-compartment 
sink. 

Disregarding the movement of the temperature loggers toward the end of the post-retrofit period, 
it appears that the general space temperature was about the same during the pre- and post-retrofit 
periods. 

 

Figure E-9.  Plan View of T/RH Logger  Locations (Red Circles). 
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Figure E-10.  Pre- and Post-Retrofit DAT for  AHU-4 in Burger  King Kitchen. 

 

Figure E-11.  Burger  King Kitchen Space Temperature #1 at Door  between Kitchen and 
Food Cour t. 
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Figure E-12.  Burger  King Space Temperature#1, Pre- and Post-Retrofit Average Daily 
Profile. 

 

Figure E-13.  Burger  King Kitchen Space Temperature #1 at Open Storage Area. 
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Figure E-14.  Burger  King Kitchen Space Temperature #1 at Three-Compar tment Sink 
Area. 

 

Figure E-15.  Burger  King Kitchen Space Temperature #1 at Soffit Above Serving Area. 
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E.9 Char ley’s 

The exhaust hood at Charley’s is a Captive Aire single island-mounted hood with a ceiling-
mounted perforated plenum makeup air diffuser that runs the length of the hood. Melink meas-
ured an exhaust rate of 3,034 CFM on 6 December 2012 while the exhaust fan was at full speed. 
The MAU supply air rate was 2,222 CFM. 

The cooking appliances under the hood include a gas single-vat fryer with dump station, a refrig-
erated deli prep table, a 3-ft griddle, and an electric conveyor toaster. Side panels were consid-
ered for this hood, but they would interfere with visual contact with customers and interfere with 
employee movement relative to use of adjacent preparation appliances. 

The replacement air for the Charley’s hood comes from the MAU and two 4-way diffusers 
served by AHU-4. Replacement air may also be drawn from the general seating area in the Food 
Court. The four-way diffusers are close enough to the hood to create a low pressure area at the 
hood edge. This configuration may result in entrainment and spillage of cooking effluent. A rec-
ommended retrofit would be to replace the four-way vaned diffusers with a perforated plate dif-
fusers. This reduces the overall exhaust velocity (provided the open area of the plate is large 
enough) and directs it downward instead of horizontally. 

Table E-7 lists Charley’s typical hours of operation for cooking appliances and exhaust hood. 

Table E-7.  Char ley’s Exhaust Hood and 
MAU Hours of Operation. 

Day Type Start (hours) Stop (hours) 
Weekday (Mon – Fri) 0800 1900 
Saturday 1000 1830 
Sunday 1000 1600 
Holiday Reduced hours or closed. 

E.10 Char ley’s Exhaust Fan and MAU Power  

Figure E-16 shows that the pre-retrofit power use is relatively uniform. The system was left on 
overnight on one occasion and was shut down for 3 days on holidays. 



 

ESTCP Final Report Guidance: 
Energy and Water Projects 192 April 2014 

 

Figure E-16.  Char ley’s Pre-Retrofit Exhaust Fan and MAU Power . 

Figure E-17 shows the post-retrofit monitored data. Two significant observations are: (1) the ex-
haust and MAU fans ran overnight at low speed, and (2) there were 10 nights out of 43 where the 
fans ran all night at the same level as during daytime operations. The reason for this condition is 
not known. One possible reason might be that some appliances were idling overnight. An inquiry 
with Charley’s employees should be made regarding this observation. 

 

Figure E-17.  Char ley’s Post-Retrofit Exhaust Fan and MAU Power . 

Figure E-18 shows that during the post-retrofit period the new controls were causing the exhaust 
and MAU fans to run overnight and starting the hood system at 0600 hours instead of 0800 
hours. This profile is based on data for Monday through Friday. 
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Figure E-18.  Char ley’s Pre- and Post-Retrofit Exhaust Fan and MAU Weekday Average 
Power  Profile. 

E.11 Char ley’s Fan Power  Energy Savings Estimate 

Table E-8 lists the results of calculations for the daily energy savings estimate. It is based on as-
suming 11 hours of exhaust hood and MAU operation on weekdays, 8.5 hours on Saturdays, and 
6 hours on Sundays. It assumes that the exhaust and MAU fans are completely shut off at night 
and startup occurred according to schedule (0800 hours instead of 0600 hours during weekdays). 
The actual post-retrofit average daily power was 8.3 kWh due to overnight operation and early 
startup in the mornings. The actual savings was only 2.6 kWh per day. Assuming the ventilation 
system is shut off at night, the potential savings are 5.3 kWh per day. 

Table E-8.  Char ley’s Daily Actual and Potential Energy Savings Estimate. 

  
Average 

Hourly kW 

Potential 
Average 

Weighted 
Daily kWh 

Actual 
Average 

Weighted 
Daily kWh 

Pre-Retrofit Power 1.07 10.64 10.64 
Post-Retrofit Power 0.54 5.33 8.2 
Savings 0.54 5.32 2.64 
Savings % 50% 25% 
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E.12 Char ley’s Heating and Cooling Savings 

To estimate heating and cooling savings, the average reduction in airflow rates are calculated 
using the VSD fan speed data. The data in Figures E-19 and E-20 show that the controls kept the 
hood and MAU fans running at 20% speed overnight except for eight occasions when the speed 
was about 70%. As mentioned in the previous section, the reason(s) for the overnight operation 
at essentially normal daytime speed are not known. 

The average post-retrofit exhaust fan speed percentage was 67.0% during operating hours. The 
pre-retrofit measured exhaust rate was 3,034 CFM. The post-retrofit average exhaust rate is cal-
culated to be 2,033 CFM, resulting in an average savings of about 1,000 CFM. 

The average post-retrofit MAU fan speed was 66% during operating hours. The pre-retrofit 
measured makeup air rate was 2,222 CFM. The post-retrofit average exhaust rate is calculated to 
be 1,467 CFM, resulting in an average savings of about 755 CFM. 

The pre-retrofit makeup air from RTU-4 was about 812 CFM. RTU-4 would still supply about 
566 CFM of makeup air for the exhaust hood under the post-retrofit conditions, so savings for 
RTU-4 would be about 246 CFM. Table E-9 shows the pre- and post-retrofit air balance. 

Table E-9.  Char ley’ Pre- and Post-Retrofit Air  Balance. 

Kitchen Ventilation 
Balance 

Pre-
Retrofit 

CFM 

Post-
Retrofit 
Average 
Speed 

Post-
Retrofit 
Average 

CFM 
Savings 
CFM 

Charley’s Exhaust rate 
CFM 

3,034 67.0% 2,033 1,001 

Charley’s MAU rate 
CFM 

2,222 66.0% 1,467 755 

Makeup Air from RTU-4 812  566 246 
 

 

Figure E-19.  Char ley’s Exhaust Fan VSD signal. 
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Figure E-20.  Char ley’s MAU Fan VSD signal. 

Figure E-21 is a scatter plot of the average VSD speeds for the exhaust fan and MAU versus 
power for the exhaust fan and MAU. 

 

Figure E-21.  Char ley’s Post-Retrofit EF+MAU VSD%  versus Fan Power . 

The Outdoor Air Load Calculator was used to estimate the savings in makeup air heating and 
cooling energy (see Appendix A for calculation details). Rapid City, SD, was selected as the 
weather data site for the calculations. Charley’s relies on a MAU and outside air introduced by 
air handing units in the Base Exchange. The MAU setpoint was assumed to be 55 °F based on 
the MAU DAT data; setpoints for RTU-4 were assumed to be 60 °F for heating and 70 °F for 
cooling based on inspection of the DAT from AHU-4. Table E-10 shows a summary of estimated 
energy and cost savings, assuming that outside ventilation air could be modulated based on 
changes in exhaust hood fan speed. 
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Table E-10.  Char ley’s Annual Heating and Cooling Load Cost Savings. 
Heating Load 33,571 kBtu 
Gas Furnace Efficiency 80%   
Gas Input 41,964 kBtu 
Gas Input 420 Therms 
Gas @ $0.75/Therms $314.73  Cost Savings 
     
Cooling Load 1,635 kBtu 
Average CoP 2.5   
Electric Input 192 kWh 
Electric @ $0.08/kWh $15.33  Cost Savings 
Total Estimated Cost Savings $330.06    

E.13 Char ley’s Kitchen Space Temperatures 

Conditioned air in the Base Exchange is provided by AHUs with hot water and chilled water 
coils. AHU-4 serves the kitchen space for Charley’s and provides about 800 CFM of outside air 
as replacement air for the exhaust hoods when the exhaust is at full speed. Both Burger King and 
Charley’s serving areas are open to the Food Court and general retail areas. Some makeup air 
may come from these areas, which are served by AHU-5. Charley’s has a dedicated MAU that 
provides about 2,220 CFM of outside air through a ceiling-mounted perforated plenum along the 
front of the hood. 

Two temperature and humidity loggers were placed on the walls in Charley’s kitchen, about 1 ft. 
below the ceiling using Velcro tape. The placement height was selected from experience with 
previous datalogging projects. Although the height is above the occupied zone, the recorded data 
provide representative differences between pre- and post-retrofit conditions. The height also dis-
courages tampering, theft, or loss of the dataloggers. Figure E-22 shows the floor plan and the 
relative placement of the loggers. 

Figures E-23 and E-24 show the average daily space temperature profiles for Charley’s kitchen 
area. The post-retrofit average is 2 to 4 °F lower than the pre-retrofit profile, except in the morn-
ing between 0600 and 0800 hours when the fan has ramped to operational speed but the makeup 
air furnace is not on. 

Figure E-25 shows the average daily discharge air temperature from a diffuser in Charley’s 
kitchen that is served by AHU-4. During operational hours the temperature is between 60 and 
65 °F. The post-retrofit average is 2 to 4 °F higher than the pre-retrofit profile (the opposite of 
the space temperature data from the loggers). 
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Figure E-22.  Location of Temperature Loggers in Char ley’s Kitchen. 

 

Figure E-23.  Char ley’s Pre- and Post-Retrofit Average Daily Space Temperature #1. 
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Figure E-24.  Char ley’s Pre- and Post-Retrofit Average Daily Space Temperature #2. 

 

Figure E-25.  Char ley’s, Pre- and Post-Retrofit AHU-4 DAT. 

Figure E-26 shows the MAU discharge air temperature over the monitoring period. The lower 
temperatures in the post-retrofit period occur during operational hours. The temperatures close to 
70 °F occur after business hours when the fans are off. Figure E-27 compares the pre- and post-
retrofit daily average profiles during business hours. 
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Figure E-26.  Pre- and Post-Retrofit MAU DAT s. 

 

Figure E-27.  Char ley’s Pre- and Post-Retrofit MAU Average DAT by Time of Day. 

Figures E-28 and E-29 demonstrate that the MAU furnace did not turn on during the post-retrofit 
period. The cause for this is currently unknown, although staff mentioned later that there were 
problems before the DCV system installation. 

0

10

20

30

40

50

60

70

80

90

100

M
on

, 1
0/

8/
20

12

M
on

, 1
0/

15
/2

01
2

M
on

, 1
0/

22
/2

01
2

M
on

, 1
0/

29
/2

01
2

M
on

, 1
1/

5/
20

12

M
on

, 1
1/

12
/2

01
2

M
on

, 1
1/

19
/2

01
2

M
on

, 1
1/

26
/2

01
2

M
on

, 1
2/

3/
20

12

M
on

, 1
2/

10
/2

01
2

M
on

, 1
2/

17
/2

01
2

M
on

, 1
2/

24
/2

01
2

M
on

, 1
2/

31
/2

01
2

M
on

, 1
/7

/2
01

3

M
on

, 1
/1

4/
20

13

°F
Charley's Grill, Makeup Air Discharge Temperature

0

10

20

30

40

50

60

70

80

6:
00

 A
M

8:
00

 A
M

10
:0

0 
AM

12
:0

0 
PM

2:
00

 P
M

4:
00

 P
M

6:
00

 P
M

°F

Charley's Grill, Pre- and Post-Retrofit
MAU Average Discharge Air Temperature

After 12-7-12 Before 12-4-12



 

ESTCP Final Report Guidance: 
Energy and Water Projects 200 April 2014 

 

Figure E-28.  Char ley’s Pre- and Post-Retrofit Total Fan Power  versus MAU DAT. 

 

Figure E-29.  Char ley’s, Pre- and Post-Retrofit OAT vs. MAU DAT When Fan Power  > 
0.08 kW. 
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a manual switch before the DCV system installation) was left on. The Melink controller, as in-
stalled, was designed to run all hoods connected to it using a single schedule. Since Burger King 
started operations at 0600, this forced the Charley’s ventilation system to ramp to its occupied 
idle speed threshold. The corrective action was to provide a processor software upgrade that in-
cludes separate schedules per hood. Additionally, the manual switch was re-installed or re-
energized to allow the employees to turn the ventilation system completely off after hours. Re-
searchers did not realize at the time that the furnace was not turning on during the day when em-
ployees were working. The manual switch was not installed until sometime in March, after the 
monitoring period was complete. 

E.14 Findings 

The data in Table E-11 summarize the anticipated annual energy cost savings based on proper 
operation of the HVAC and Melink controls, and proper maintenance of the monitored equip-
ment. 

Table E-11.  Energy Cost Savings Estimate for Burger King and Char ley’s. 
Energy Category Burger  King Charley’s 
Fan Energy $187.44 $151.05 
Heating Makeup Air $559.91 $314.73 
Cooling Makeup Air $65.85 $15.33  
Totals $813.20 $481.11 

Although the energy savings listed in Table E-11 are significant, it does not appear that the sys-
tems monitored and/or the Melink controls functioned as expected. The following observations 
are made: 

Additional savings may be possible for Burger King. The increasing power use 
over the course of the post-retrofit period is unexpected. The failure of the con-
troller (possibly occurred in January 2013, but not identified until March 2013) 
may be the cause.  

Additional savings may be possible for Charley’s with controls that shut-off the 
exhaust and MAU fans at night. Overnight operation was introducing very cold 
air into the space. The furnace did not appear to turn on during the post-retrofit 
period. There may have been a component failure or the Melink controls may 
have introduced a change that disabled the furnace. RTU-4 appears to have been 
running more than necessary due to the additional load. 

E.15 Outdoor  Air  Load Calculator  Data 

Note that finish times are weighted averages based on a typical week of operating hours (Table 
E-12). 
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Table E-12.  Outdoor Air Load Calculator Results for Burger King and Char ley’s Pre- and 
Post-Retrofit Heating and Cooling Loads. 

 
BK-RTU-4 CG-MAU CG-RTU-4 

City RAPID_CITY RAPID_CITY RAPID_CITY 
State/Prov South_Dakota South_Dakota South_Dakota 
Elev [ft] 3169 3169 3169 
Start 6:00 9:00 9:00 
End 18:34 17:56 17:56 
HrsOfOp 12 8 8 
Flow [CFM] 901 755 246 
HeatSP [F] 60 55 60 
CoolSP [F] 70 70 70 
Dehumidify None None None 
DhSpcT [F] N/A N/A N/A 
Ht Lockout Mo — — — 
Cl Lockout Mo — — — 
AnnHeat [kBtu] 59,724 23,826 9,745 
AnnCool [kBtu] 7,021  1,635 
HtDsgnPwr[kBh] 75.2 57.8 20.2 
ClDsgnPwr[kBh] 22.5 18.9 6.1 
HtPblmHrs — — — 
ClPblmHrs — — — 
DHPblmHrs — — — 
JanHeat [kBtu] 13823 6365 2395 
FebHeat [kBtu] 9966 4325 1680 
MarHeat [kBtu] 8507 3440 1403 
AprHeat [kBtu] 3410 987 494 
MayHeat [kBtu] 1500 205 179 
JunHeat [kBtu] 297 5 28 
JulHeat [kBtu] 49 0 6 
AugHeat [kBtu] 17 0 0 
SepHeat [kBtu] 861 82 81 
OctHeat [kBtu] 2993 759 408 
NovHeat [kBtu] 8416 3475 1417 
DecHeat [kBtu] 9884 4183 1654 
JanCool [kBtu] 0  0 
FebCool [kBtu] 0  0 
MarCool [kBtu] 0  0 
AprCool [kBtu] 60  15 
MayCool [kBtu] 75  20 
JunCool [kBtu] 767  183 
JulCool [kBtu] 2357  533 
AugCool [kBtu] 2682  619 
SepCool [kBtu] 996  242 
OctCool [kBtu] 85  23 
NovCool [kBtu] 0  0 
DecCool [kBtu] 0  0 
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Appendix F: Energy Monitor ing of DCV at Bldg. 1444, For t Carson, Colo-
rado Spr ings, CO 

Final Report 
Energy Monitoring of Demand Control of 

Kitchen Exhaust Ventilation  
Bldg. 1444, Fort Carson,  
Colorado Springs, CO 

 

 

 

 

Prepared by: 
Vernon Smith 
Fisher-Nickel, Inc. 
14 August 2013 
  



 

ESTCP Final Report Guidance: 
Energy and Water Projects 204 April 2014 

Contents 
F.1 In troduction  ....................................................................................................................................... 205 
F.2 Exis ting  Contro l Sequ ence  .............................................................................................................. 206 
F.3 Retrofit ............................................................................................................................................... 206 
F.4 Ene rg y Savings  ................................................................................................................................. 226 

List of Figures 
 F-1 MAU-2/EF-6 and EF-8 Fan Power, 3 March – 25 April 2013 ................................................  208
 F-2 MAU-2/EF-6 and EF-8 Fan Power, 25 April – 23 June 2013 ................................................  208
 F-3 Plan View of T/RH Logger Locations (Red Dots) ..................................................................  209
F-4. Kitchen Space Temperature Profiles, 3 March – 25 April 2013 ........................................................  210
 F-5 Weekday Average Space Temperatures, 3 March – 25 April 2013 ......................................  211
 F-6 Kitchen Space Temperature Profiles, 26 April – 23 June 2013 ............................................  212
 F-7 Weekday Average Space Temperatures, 26 April – 23 June 2013 ......................................  213
 F-8 Weekday Average Space Temperature Profile by Month .....................................................  214
 F-9 Weekday Average OAT Profile by Month ..............................................................................  215
 F-10 OAT versus Average MAU-2 DAT While Fan On..................................................................  216
 F-11 OAT versus Average AHU-4 DAT 0400 to 1900 Hours ........................................................  217
 F-12 EF-6 & MAU-2 Pre- and Post-Retrofit Average Daily Power Use .........................................  219
 F-13 EF-8 Pre- and Post-Retrofit Average Daily Power Use .........................................................  220
 F-14 MAU-2 Post-Retrofit Average Power .....................................................................................  221
 F-15 Time Series for MAU-2 DAT, RTU-4 DAT, and OAT ............................................................  222
 F-16 RTU-4 DAT Pre- and Post-Retrofit Average Daily Temperature Profiles..............................  224
 F-17 MAU-2 DAT Pre- and Post-Retrofit Average Daily Temperature Profiles .............................  225
 

List of Tables 
 F-1 Exhaust Fans in Bldg. 1444 with Design Exhaust Rates ......................................................  205
 F-2 Equipment Retrofitted with DCV Controls .............................................................................  206
 F-3 Appliances Under Exhaust Hoods 324 and 333 (aka Main Hood) ........................................  206
 F-4 Estimated Daily Fan Energy Electricity Savings ....................................................................  226
 F-5 Summary of Pre- and Post-Retrofit Exhaust and Makeup Air Flow Rates ............................  226
 F-6 MAU-2 Makeup Air Heating Estimated Natural Gas Use ......................................................  226
 F-7 Conditioned Air Savings Due to Net Reduction in Exhaust (of 2,127 CFM) .........................  227
 F-8 Estimated Annual Energy Cost Savings ................................................................................  227

 



 

ESTCP Final Report Guidance: 
Energy and Water Projects 205 April 2014 

F.1 Introduction 

Power and environmental monitoring sensors and dataloggers were installed in Bldg. 1444, the 
James R Wolf Dining Facility, at Fort Carson on 1 March 2013. The baseline monitoring started 
on 2 March. Additional dataloggers were added to measure the VSD signals on 17 July after the 
Melink Intelli-Hood System is installed. The actual installation period is from 9 July to 18 July. 
For this report, data from 3 July to 18 July were excluded due to the 4 July Holiday. 

This report covers data collected for Bldg. 1444 from 2 March through 12 Sep 2013. Typical dai-
ly operations start at 0300 and end at 1900 hours during weekdays. Every other weekend, the fa-
cility is closed. Table F-1 lists the design exhaust airflow in Bldg. 1444 and highlights the sys-
tems retrofitted with DCV. 

Table F-1.  Exhaust Fans in Bldg. 1444 with Design Exhaust Rates. 
Area Fan No. L/sec CFM 
Restrooms EF-1 506 1,072 
Restrooms EF-2 509 1,078 
Restrooms EF-3 611 1,294 
Front Entry EF-4 163 345 
Dishroom EF-5 1,935 4,100 
Kitchen EF-6 5,664 12,000 
Kitchen EF-7 661 1,400 
Kitchen EF-8 1,888 4,000 
Servery EF-9 885 1,875 
Servery EF-10 1,381 2,926 
Servery EF-11 885 1,875 
Servery EF-12 1,381 2,926 
Servery EF-13 708 1,500 
Servery EF-14 885 1,875 
Total Building   38,267 
Kitchen Exhaust   30,377 
DCV Exhaust   16,000 

Table F-2 lists the equipment that will be retrofitted with the Melink Intelli-Hood DCV system. 
EF-6 serves back-to-back wall-mounted canopy exhaust hoods and MAU-2 provides about 80% 
of the replacement air required for the hoods through face discharge perforated diffusers. Draw-
ing F-3 shows the appliances under the hoods listed in Table F-3. The hoods are labeled as Items 
324 and 333. E-8 serves a wall-mounted canopy hood, noted as Item 347 on Drawing F-3, which 
is over the fryers and steam cookers. 
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Table F-2.  Equipment Retrofitted with DCV Controls. 

Item Make Model L/sec CFM 
Design 

kW 
EF-8 Penn Ventilation, 

Inc. 
FX24BHFT 1888 4000 1.119 

EF-6 Penn Ventilation, 
Inc. 

FX36BFT 5664 12000 3.729 

MAU-2 McQuay RDS800CYW 4531 9600 0.373 

Table F-3.  Appliances Under Exhaust Hoods 324 and 333 (aka Main Hood). 
Item Quantity Description 
325 2 Double Convection Oven 
326 1 Open Four-Burner Range 
328 2 Tilting Skillet 
334 2 Trunnion Kettle w/Stand 
336 2 Steam Kettle (40 gal/151.2 Liters) 
343 2 Double Convection Oven 

F.2 Existing Control Sequence 

MAU-2 is a heating-only unit. Its design sequence of operations calls for heating when MAU 
Supply Air Temperature is less than 60 °F (15.5°C). Allowing for a few degrees of fan heat, the 
heating coil valve should open when the OAT is less than about 57 °F. The heating coil valve is 
supposed to modulate open to maintain the design setpoint. The actual setpoint during the moni-
toring period may be different from design setpoint. The scatter plots in Figure F-10 show that 
the controls appear to be generally working as designed, although the temperature range in heat-
ing mode appears to be wider than expected. 

AHU-4 provides conditioned air to the main kitchen area in the vicinity of the exhaust hoods that 
will be modified with Demand Control Ventilation. The design space setpoints are 68 °F/20 °C 
for heating and 78 °F/25.6 °C for cooling. The design sequence of operations calls for heating 
when the space temperature drops more than 0.5°C below the heating setpoint. It calls for cool-
ing when the space temperature increases more than 0.5°C above the cooling setpoint. The actual 
setpoints during the monitoring period may be different from design setpoints. The scatter plots 
in Figure F-11 show that the controls appear to be generally working as designed, although the 
temperature range in heating mode appears to be wider than expected. 

F.3 Retrofit 

Retrofit work started on 9 July and was completed by 17 July 2013. 

VSD loggers were installed on 17 July 2013 and an additional power transducer was installed the 
same day and commissioned on the next day. 
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F.3.1 Bldg. 1444 Pre-Retrofit Energy Use 

Figure F-1 shows the power use during the March 3 –25 April 2013 data collection period by 
EF-6 and MAU-2 (which serve the Main Wall-Mounted Canopy Hoods), and EF-8 (which serves 
the Fryer and Steam Cooker Hood). EF-6 and MAU-2 are wired into the same circuit breaker. 
The slight increases in the power profile occur when the hoods and MAU run overnight and are 
due to the increased air density as OAT decreases. During the period of March 3 –25 April 2013, 
MAU-2/EF-6 ran overnight on 27 of 54 nights. 

Figure F-2 shows MAU-2/EF-6 and EF-8 fan power for the period 26 April –23 June 2013. 
MAU-2/EF-6 ran overnight on 12 of 57 nights. EF-8 ran overnight on 25 of 57 nights. 

Figure F-3 shows a plan view of the location of the four temporary temperature and humidity 
sensors placed in the in the kitchen on 1 March. They are positioned about 1 ft. below the ceil-
ing. 

Figure F-4 shows the time series temperature profiles for the four space temperature loggers for 
the period March 3 –25 April 2013. Figure F-5 shows the weekday average temperature profile 
for each space temperature logger for that period. 

Figure F-6 shows the time series temperature profiles for the four space temperature loggers for 
the period 26 April –23 June 2013. Figure F-7 shows the weekday average temperature profile 
for each space temperature logger for that period. 

Figure F-8 is the weekday average space temperature profile by month. The plot shows the four 
space temperatures averaged for each 5-minute period on weekdays. Figure F-9 is the weekday 
OAT profile for each month in the monitoring period. 

Figure F-10 shows monthly scatter plots of the MAU-2 DAT versus OAT. MAU-2 has hot water 
heating coils, but does not have cold water cooling coils. The plots show the progression from 
heating mode in March through unconditioned discharge air in June. 

Figure F-11 shows monthly scatter plots of the AHU-4 DAT versus OAT. AHU-4 has hot water 
heating coils and cold water cooling coils. The plots show the progression from heating mode 
in March through cooling mode in June. 
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Figure F-1.  MAU-2/EF-6 and EF-8 Fan Power , 3 March – 25 Apr il 2013. 

 

Figure F-2.  MAU-2/EF-6 and EF-8 Fan Power , 25 Apr il – 23 June 2013. 

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0
Sa

t, 
3/

2/
20

13

Su
n,

 3
/3

/2
01

3

M
on

, 3
/4

/2
01

3

Tu
e,

 3
/5

/2
01

3

W
ed

, 3
/6

/2
01

3

Th
u,

 3
/7

/2
01

3

Fr
i, 3

/8
/2

01
3

Sa
t, 

3/
9/

20
13

Su
n,

 3
/1

0/
20

13

M
on

, 3
/1

1/
20

13

Tu
e,

 3
/1

2/
20

13

W
ed

, 3
/1

3/
20

13

Th
u,

 3
/1

4/
20

13

Fr
i, 3

/1
5/

20
13

Sa
t, 

3/
16

/2
01

3

Su
n,

 3
/1

7/
20

13

M
on

, 3
/1

8/
20

13

Tu
e,

 3
/1

9/
20

13

W
ed

, 3
/2

0/
20

13

Th
u,

 3
/2

1/
20

13

Fr
i, 3

/2
2/

20
13

Sa
t, 

3/
23

/2
01

3

Su
n,

 3
/2

4/
20

13

M
on

, 3
/2

5/
20

13

Tu
e,

 3
/2

6/
20

13

W
ed

, 3
/2

7/
20

13

Th
u,

 3
/2

8/
20

13

Fr
i, 3

/2
9/

20
13

Sa
t, 

3/
30

/2
01

3

Su
n,

 3
/3

1/
20

13

M
on

, 4
/1

/2
01

3

Tu
e,

 4
/2

/2
01

3

W
ed

, 4
/3

/2
01

3

Th
u,

 4
/4

/2
01

3

Fr
i, 4

/5
/2

01
3

Sa
t, 

4/
6/

20
13

Su
n,

 4
/7

/2
01

3

M
on

, 4
/8

/2
01

3

Tu
e,

 4
/9

/2
01

3

W
ed

, 4
/1

0/
20

13

Th
u,

 4
/1

1/
20

13

Fr
i, 4

/1
2/

20
13

Sa
t, 

4/
13

/2
01

3

Su
n,

 4
/1

4/
20

13

M
on

, 4
/1

5/
20

13

Tu
e,

 4
/1

6/
20

13

W
ed

, 4
/1

7/
20

13

Th
u,

 4
/1

8/
20

13

Fr
i, 4

/1
9/

20
13

Sa
t, 

4/
20

/2
01

3

Su
n,

 4
/2

1/
20

13

M
on

, 4
/2

2/
20

13

Tu
e,

 4
/2

3/
20

13

W
ed

, 4
/2

4/
20

13

Th
u,

 4
/2

5/
20

13

kW
Kitchen EF-6 & MAU-2 and EF-8 Power

Avg EF-6 & MAU-2 (kW) Avg EF-8 (kW)

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0

Fr
i, 

4/
26

/2
01

3

S
at

, 4
/2

7/
20

13

S
un

, 4
/2

8/
20

13

M
on

, 4
/2

9/
20

13

Tu
e,

 4
/3

0/
20

13

W
ed

, 5
/1

/2
01

3

Th
u,

 5
/2

/2
01

3

Fr
i, 

5/
3/

20
13

S
at

, 5
/4

/2
01

3

S
un

, 5
/5

/2
01

3

M
on

, 5
/6

/2
01

3

Tu
e,

 5
/7

/2
01

3

W
ed

, 5
/8

/2
01

3

Th
u,

 5
/9

/2
01

3

Fr
i, 

5/
10

/2
01

3

S
at

, 5
/1

1/
20

13

S
un

, 5
/1

2/
20

13

M
on

, 5
/1

3/
20

13

Tu
e,

 5
/1

4/
20

13

W
ed

, 5
/1

5/
20

13

Th
u,

 5
/1

6/
20

13

Fr
i, 

5/
17

/2
01

3

S
at

, 5
/1

8/
20

13

S
un

, 5
/1

9/
20

13

M
on

, 5
/2

0/
20

13

Tu
e,

 5
/2

1/
20

13

W
ed

, 5
/2

2/
20

13

Th
u,

 5
/2

3/
20

13

Fr
i, 

5/
24

/2
01

3

S
at

, 5
/2

5/
20

13

S
un

, 5
/2

6/
20

13

M
on

, 5
/2

7/
20

13

Tu
e,

 5
/2

8/
20

13

W
ed

, 5
/2

9/
20

13

Th
u,

 5
/3

0/
20

13

Fr
i, 

5/
31

/2
01

3

S
at

, 6
/1

/2
01

3

S
un

, 6
/2

/2
01

3

M
on

, 6
/3

/2
01

3

Tu
e,

 6
/4

/2
01

3

W
ed

, 6
/5

/2
01

3

Th
u,

 6
/6

/2
01

3

Fr
i, 

6/
7/

20
13

S
at

, 6
/8

/2
01

3

S
un

, 6
/9

/2
01

3

M
on

, 6
/1

0/
20

13

Tu
e,

 6
/1

1/
20

13

W
ed

, 6
/1

2/
20

13

Th
u,

 6
/1

3/
20

13

Fr
i, 

6/
14

/2
01

3

S
at

, 6
/1

5/
20

13

S
un

, 6
/1

6/
20

13

M
on

, 6
/1

7/
20

13

Tu
e,

 6
/1

8/
20

13

W
ed

, 6
/1

9/
20

13

Th
u,

 6
/2

0/
20

13

Fr
i, 

6/
21

/2
01

3

S
at

, 6
/2

2/
20

13

S
un

, 6
/2

3/
20

13

Av
g 

EF
-6

 &
 M

AU
-2

 (k
W

)

Bldg 1444, MAU-2/EF-6 + EF-8 Fan Power, 26 Apr - 23 Jun 2013

Avg EF-6 & MAU-2 (kW) Avg EF-8 (kW)



 

 

ESTCP Final Report G
uidance: 

Energy and W
ater Projects 

209 
April 2014  

 

 

Figure F-3.  Plan View of T/RH Logger  Locations (Red Dots). 
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Figure F-4. Kitchen Space Temperature Profiles, 3 March – 25 April 2013. 
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Figure F-5.  Weekday Average Space Temperatures, 3 March – 25 Apr il 2013. 
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Figure F-6.  Kitchen Space Temperature Profiles, 26 Apr il – 23 June 2013. 

50

55

60

65

70

75

80

85

90

95

100

Fr
i, 

4/
26

/2
01

3
Sa

t, 
4/

27
/2

01
3

Su
n,

 4
/2

8/
20

13
M

on
, 4

/2
9/

20
13

Tu
e,

 4
/3

0/
20

13
W

ed
, 5

/1
/2

01
3

Th
u,

 5
/2

/2
01

3
Fr

i, 
5/

3/
20

13
Sa

t, 
5/

4/
20

13
Su

n,
 5

/5
/2

01
3

M
on

, 5
/6

/2
01

3
Tu

e,
 5

/7
/2

01
3

W
ed

, 5
/8

/2
01

3
Th

u,
 5

/9
/2

01
3

Fr
i, 

5/
10

/2
01

3
Sa

t, 
5/

11
/2

01
3

Su
n,

 5
/1

2/
20

13
M

on
, 5

/1
3/

20
13

Tu
e,

 5
/1

4/
20

13
W

ed
, 5

/1
5/

20
13

Th
u,

 5
/1

6/
20

13
Fr

i, 
5/

17
/2

01
3

Sa
t, 

5/
18

/2
01

3
Su

n,
 5

/1
9/

20
13

M
on

, 5
/2

0/
20

13
Tu

e,
 5

/2
1/

20
13

W
ed

, 5
/2

2/
20

13
Th

u,
 5

/2
3/

20
13

Fr
i, 

5/
24

/2
01

3
Sa

t, 
5/

25
/2

01
3

Su
n,

 5
/2

6/
20

13
M

on
, 5

/2
7/

20
13

Tu
e,

 5
/2

8/
20

13
W

ed
, 5

/2
9/

20
13

Th
u,

 5
/3

0/
20

13
Fr

i, 
5/

31
/2

01
3

Sa
t, 

6/
1/

20
13

Su
n,

 6
/2

/2
01

3
M

on
, 6

/3
/2

01
3

Tu
e,

 6
/4

/2
01

3
W

ed
, 6

/5
/2

01
3

Th
u,

 6
/6

/2
01

3
Fr

i, 
6/

7/
20

13
Sa

t, 
6/

8/
20

13
Su

n,
 6

/9
/2

01
3

M
on

, 6
/1

0/
20

13
Tu

e,
 6

/1
1/

20
13

W
ed

, 6
/1

2/
20

13
Th

u,
 6

/1
3/

20
13

Fr
i, 

6/
14

/2
01

3
Sa

t, 
6/

15
/2

01
3

Su
n,

 6
/1

6/
20

13
M

on
, 6

/1
7/

20
13

Tu
e,

 6
/1

8/
20

13
W

ed
, 6

/1
9/

20
13

Th
u,

 6
/2

0/
20

13
Fr

i, 
6/

21
/2

01
3

Sa
t, 

6/
22

/2
01

3
Su

n,
 6

/2
3/

20
13

°F

Space Temperatures
Avg Space-1 Temp, °F Avg Space-2 Temp, °F Avg Space-3 Temp, °F Avg Space-4 Temp, °F



 

 

ESTCP Final Report G
uidance: 

Energy and W
ater Projects 

213 
April 2014  

 

 

Figure F-7.  Weekday Average Space Temperatures, 26 Apr il – 23 June 2013. 
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Figure F-8.  Weekday Average Space Temperature Profile by Month. 
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Figure F-9.  Weekday Average OAT Profile by Month. 
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Figure F-10.  OAT versus Average MAU-2 DAT While Fan On. 
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Figure F-11.  OAT versus Average AHU-4 DAT 0400 to 1900 Hours. 
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F.3.2 Bldg. 1444 Post-Retrofit Energy Use 

F.3.2.1  Fan Energy 

Figure F-12 shows the pre- and post-retrofit weekday, weekend, and overall average daily energy 
use for EF-6 and MAU-2. These two units were fed by the same circuit breaker before the retro-
fit. Figure F-13 shows the same information for EF-8. During the retrofit, MAU-2 was placed on 
its own breaker. 

A watt transducer was added to the power logger on Thursday, 18 July, to monitor MAU-2. The 
dining facility was closed on Friday, Saturday and Sunday. MAU-2 went off line on 
24 July because a pre-existing manual switch was turned off by staff. It was turned on again pe-
riodically in August (8, 12, 13, 15, 16, 18, 19, and 20 August). On 20 August, Melink investigat-
ed and had the manual switch taken out of the circuit. The kitchen was not operation from 20 un-
til 29 August (during which time both power and VSD data remained at zero). Data were collect-
ed through 12 September, during which the kitchen and the demand ventilation controls worked 
as expected. Figure F-14 shows the average daily MAU-2 power profile. 

Figure F-15 is a time series plot of MAU-2 DAT, RTU-4 DAT, and OAT. The series have been 
filtered to remove data when the power to EF-6 and MAU-2 is essentially off (< 1.0 kW). The 
weekends when the facility is closed show up as straight-line connections between active opera-
tions. Note that MAU-2 and RTU-4 appear to be operating as expected with regard to DAT. In 
some cases, MAU-2 DAT appears to be higher than ambient. Two factors may influence this 
outcome. First, the weather data are from Colorado Springs Airport, several miles away. Second, 
the air intake for MAU-2 is on the roof, where a local heat island affect can increase tempera-
tures by as much as 5 to 10 °F. 
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Figure F-12.  EF-6 & MAU-2 Pre- and Post-Retrofit Average Daily Power  Use. 
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Figure F-13.  EF-8 Pre- and Post-Retrofit Average Daily Power  Use. 
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Figure F-14.  MAU-2 Post-Retrofit Average Power . 
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Figure F-15.  Time Ser ies for  MAU-2 DAT, RTU-4 DAT, and OAT. 
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F.3.2.2  Kitchen Space Temperatures 

Figure F-16 shows RTU-4 DAT daily average profiles. Temperatures pre- and post-retrofit dur-
ing operating hours are as expected. Figure F-17 shows MAU-2 DAT daily average profiles and 
are also as expected. Note that there is only about 1 week of data for the post-retrofit profile and 
during that time MAU-2 was active for only 2 days. 
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Figure F-16.  RTU-4 DAT Pre- and Post-Retrofit Average Daily Temperature Profiles. 
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Figure F-17.  MAU-2 DAT Pre- and Post-Retrofit Average Daily Temperature Profiles. 
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F.4 Energy Savings 

The data in Table F-4 summarize the pre- and post-retrofit electric use savings. Table F-5 lists 
the pre- and post-retrofit makeup air and exhaust flow rates. The dining facility is closed every 
other weekend, including Fridays. Typical workdays are 16 hours long, from 0300 to 1900 hours. 
Assuming that the MAU and AHUs operate on that schedule, Table F-6 lists the natural gas sav-
ings due to reduction of outside air from MAU-2. The calculations are based on a conservative 
assumption that the heating setpoint for the makeup air is 70 °F. 

Table F-4.  Estimated Daily Fan Energy Electr icity Savings. 

Parameter  
kWh/day 

Pre-Retrofit Post-Retrofit Savings 
EF-6, MAU-2 60.29 21.70 * 38.59 
MAU-2  6.90 (6.90) 
EF-8 20.02 6.28 13.74 
Totals 80.31 34.88 45.43 
   57% 
*

Table F-5.  Summary of Pre- and Post-Retrofit Exhaust and Makeup Air Flow Rates. 

 EF-6 power only during post retrofit period. 

Pre-Retrofit Post-Retrofit  

 Design 
CFM 

Measured CFM at 
100%  fan speed  

%  of 
Design 

Post-Retrofit 
Avg. CFM 

Savings%  compared to 
rates Pre-Retrofit 

EF-6 12,000 9,526 79% 5,104 46.4% 

MAU-2 9,600 6,344 66% 3,473 45.3% 

EF-8 4,000 1,246 31% 6,70 46.2% 

 25,600 17,116 67% 9,247 46.0% 

Table F-6.  MAU-2 Makeup Air Heating Estimated Natural Gas Use. 
Parameter  Pre-Retrofit Post-Retrofit Savings 
MAU-2 CFM 6,344 3,473 2,871 
Estimated Natural Gas Heating Load therms 7,152 3,915 3,237 
Gas Used (Furnace Efficiency 80%) therms 8,940 4,894 4,046 
Cost at $0.80/therm $7,152 $3,915 $3,237 
Savings %   45% 

Additional savings will accrue for MAUs that provide cooling as well. The reduction in makeup 
air provided by MAU-2 totals 2,871 CFM. The average total reduction in exhaust from EF-6 and 
EF-8 (4,998 CFM) also results in a reduction in heated and cooled air provided other AHUs. Ta-
ble F-7 lists the estimated annual cost savings due to a net reduction of 2,127 CFM for AHU-3 
and other adjacent units that provide transfer air into the kitchen (assuming 70 °F heating 
setpoint and 72 °F cooling setpoint). 
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Table F-7.  Conditioned Air Savings Due to Net Reduction in Exhaust (of 2,127 CFM). 
Parameter  Savings 
Annual Heating Load Saved kBtu 239,781 
Heating therms 2,398 
Input Heating Energy (80% furnace efficiency) 2,997 
Annual Gas Cost Savings ($0.80/therm) $2,398 
Annual Cooling Load Saved kBtu 11,594 
Cooling CoP assumed 3 
Cooling Input Energy kBtu 3,865 
Cooling kWh Saved 1,132 
Annual Electricity Cost Savings ($0.10/kWh) $113 

The data in Table F-8 summarize the estimated annual electric and gas cost savings due to instal-
lation of the Melink DCV system. 

Table F-8.  Estimated Annual Energy Cost Savings. 

Parameter  Savings 
EF-6, EF-8, & MAU-2 Fan Energy 
Savings 

$1,658  

MAU-2 Heating Gas Savings $3,237  
AHU-3 Heating Gas Savings $2,398  
AHU-3 Cooling Electricity Savings $113  
Totals by Energy Source   
Electricity @ $0.10/kWh $1,771  
Natural Gas @ $0.80/therm $5,635  
Total Cost Savings $7,406  
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Appendix G: Energy Monitor ing of DCV at Bldg. 5218, USAFA, Colorado 
Spr ings, CO 

Final Report: 
Energy Monitoring of Demand Control of 

Kitchen Exhaust Ventilation  
USAFA Bldg. 5218  

Colorado Springs, CO 

14 March–5 August 2013 

 

 

Prepared by: 
Vernon Smith 
Fisher-Nickel, Inc. 
29 August 2013 
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G.1 Introduction 

Power and environmental monitoring sensors and dataloggers were installed in the High Country 
Inn (Bldg. 5218) at the USAFA Preparatory School on 13 March 2013. Bldg. 5218 provides food 
service for active duty Air Force prep school students and runs on an academic school year 
schedule similar to Mitchell Hall, the main cadet dining facility. 

The baseline monitoring started on the 14 

Bldg. 5218 was shut down for Spring Break as of Friday evening, 22 March and re-opened on 
Monday, 1 April and for Intersession Break from about 24 May to 9 July 2013. 

March. The baseline period extended well beyond the 
planned 6 weeks of pre-retrofit monitoring due to administrative delays. Additional dataloggers 
were added on 17 July to measure the VSD signals after the Melink Intelli-Hood System was 
installed. 

This report analyzes data collected for Bldg. 5218 from 14 March through 9 July (pre-retrofit 
period) and 18 July through 5 August (post-retrofit period). 

G.1.1 Monitored Systems 

Table G-1 lists the total building ventilation rates by system. The Main Exhaust Hood is a dou-
ble-island mounted hood served by exhaust fan EF-1 and MAU-1. MAU-1 provides heating only 
for replacement air that is distributed along the perimeter of the hood by front face discharge dif-
fusers. The controls for EF-1 and MAU-1 are not interlocked and both are controlled manually. 

The available drawings for a kitchen retrofit design dated 1998 shows four roof-top units (three 
air-handlers with cooling and heating coils and one packaged DX/gas furnace unit) providing 
heating and cooling for the building. These units were not installed on the roof. The 1998 draw-
ings show that additional outside air is introduced into the kitchen by ductwork from RTU-3. For 
purposes of this report, RTU-3 is referred to as AHU-3. 

The research team selected the Main Hood (EF-1) and MAU-1 as the systems to retrofit. They 
represent 53% of the building exhaust air rate and 45% of the makeup air rate. 

Table G-1.  High Country Inn HVAC Design Air Balance 

Unit # Area Served 
Supply Air 

CFM 
Minimum OA 

CFM 
Exhaust Air 

CFM 
Return/Relief Air 

CFM 
RTU-1 Dining & 

Other 
 3,800  12,700 

RTU-2 Dining & 
Other 

25,880 7,800  25,880 

RTU-3 Main Kitchen 9,200 2,800  — 
RTU-4 Basement 4,100 600  — 
MAU-1 Main Kitchen 12,400 12,400  — 
EF-1 Main Hood   15,500  
EF-2 Dishwasher   1,800  
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Unit # Area Served 
Supply Air 

CFM 
Minimum OA 

CFM 
Exhaust Air 

CFM 
Return/Relief Air 

CFM 
EF-3 Restroom   750  
EF-4 Restroom   750  
EF-5 Restroom   1,060  
EF-6 Servery Hood   2,100  
EF-7 Servery Hood   4,000  
EF-8 Elect Rm   1,800  
EF-9 Mech Rm   1,045  
Totals  64,280 27,400 28,805 38,580 

G.1.2 Data Acquisition System 

Power transducers and a datalogger were installed to monitor power for EF-1 and MAU-1. One 
temperature and relative humidity sensor was installed at the discharge of MAU-1 into one side 
of the front-face perforated diffuser plenum of the Main Hood. Another was installed into a dif-
fuser served by AHU-3. Four temperature and relative humidity loggers were mounted on four 
walls in the main kitchen about 1 ft. below the ceiling. Figure G-1 shows the plan view of their 
approximate locations. 

Kitchen Space Temperature Logger #1 was removed or fell from the wall sometime after 15 
April. It was replaced in late June. Kitchen Space Temperature Loggers #3 & #4 were removed 
from the wall (including the Velcro tape) sometime after 27 June during the Intersession Break. 
They were replaced in mid-August 2013. 
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Figure G-1.  Plan View of T/RH Logger  Locations (Blue Dots). 

G.2 Pre-Retrofit Per iod 

G.2.1 Pre-Retrofit Power  

Figure G-2 shows the power use by EF-1 and MAU-1 during the entire data collection period. 
Power for MAU-1 dropped to zero between 1030 and 1100 hours on Thursday 28 March and 
remained off until Thursday 9 May. It shut down again on 22 May and turned on again on 6 
June. Due to intersession break, EF-1 was off from 24 May through 9 June. From Figure G-2 it is 
clear that MAU-1 ran continuously when it was on, while the exhaust hood fan, EF-1, was often 
turned off at night but ran overnight on many occasions. The daily power use for MAU-1 peaked 
at night due to increased air density. Finding a typical power pattern during the pre-retrofit peri-
od is challenging due to the operational pattern noted. 

Figure G-3 shows the OAT, AHU DAT, and MAU-1 DAT. Before 28 Mar, MAU-1 was in heat-
ing mode and the DAT was in the range of 70 -75 °F. After power to MAU-1 was off, the DAT 
tracked OAT during the day when EF-1 was on. On some days in March, April, and early May, 
this condition introduced fairly cold air into the kitchen adjacent to the main hood, but it was off-
set by heated air from AHU-3. Note that MAU-1 is a heating-only unit. With warmer ambient 
temperatures beginning in May, MAU-1 DAT generally followed the OAT. 
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Figure G-2.  EF-1 and MAU-1 Power . 

 

Figure G-3.  OAT, AHU DAT AND MAU-2 DAT. 
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G.2.2 Pre-Retrofit Kitchen Space Temperatures 

The pre-retrofit monitoring period became longer than necessary due to administrative delays. 
For reasons explained below, analysis of the kitchen space temperatures was divided into two 
parts, the colder months (14 March to 19 May) and the warmer months (20 May to 5 Aug). Fig-
ure G-4 shows the time series plots for the space temperatures at the four locations noted in Fig-
ure G-1 for the 14 March – 19 May period. 

The space temperatures during these early months were biased due to MAU-1 being off. OAT 
was drawn through the unit when EF-1 was operating, which caused the overall space tempera-
tures to be somewhat lower than if the outside air had been heated by MAU-1 before discharge 
into the space. Although the average space temperatures were within a reasonable range for 
kitchen comfort, even with MAU-1 power off and introduction of unheated makeup air induced 
by pressure differences, the fact that MAU-1 does not provide cooling makes comparison to the 
earlier data inappropriate. 

To mitigate this bias in the data, the warmer data period, starting 20 May would be more appro-
priate for space temperature analysis. Figure G-5 shows the time series space temperatures at the 
four locations. Unfortunately, the kitchen was shut down for Intersession Break from about 
24 May to 9 July 2013. Also during this period the datalogger memory filled up and download-
ing was delayed in part due to the Intersession Break, so that a significant period of space tem-
perature data were not logged. 

Figure G-6 shows the average daily temperature profile at each of the four logger locations dur-
ing 14 March – 19 May period. The spread in the data is due to the influence of conditioned air 
from AHU diffusers, and local heat sources. 
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Figure G-4.  Kitchen Space Temperatures, 14 March – 19 May 2013. 

 
Figure G-5.  Kitchen Space Temperatures, 20 May – 5 Aug 2013. 
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Figure G-6.  Average Kitchen Space Temperatures 14 Mar- 19 May 2013. 

G.3 Post-Retrofit Per iod 

G.3.1 Post-Retrofit Power  

Figure G-7 shows the time series data for EF-1 and MAU-1 power. During this period, the 
Melink controls are modulating the exhaust and makeup airflow based on cooking activity. The 
controls have eliminated the overnight full speed operation of the MAU, thus saving a significant 
amount of energy. 
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G.3.2 Post-Retrofit Kitchen Temperatures 

Figure G-8 , which is based on local weather data from the USAFA Airport and covers the entire 
pre- and post-retrofit period, shows the average daily temperature profile for the average of the 
four space temperature loggers before and after the retrofit. Although the data are limited during 
the pre-retrofit period, the lower temperature profile is, in part, due to lower ambient tempera-
tures (Figure G-9). Missing data from the weather were interpolated or copied from the Colorado 
Springs Municipal Airport weather data. The Post-Retrofit OAT is between 5 and 8 °F warmer 
than the pre-retrofit period. Since MAU-1 does not provide cooling, the makeup air temperature 
is higher in the post-retrofit period, which in turn raises the space temperatures and may place an 
additional cooling load on AHU-3. 

 

Figure G-8.  Average Space Temperature, Pre- and Post-Retrofit, 20 May – 5 Aug 2013. 
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Figure G-9.  Average OAT, Pre- and Post-Retrofit, 20 May – 5 Aug 2013. 
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G.4 Summary of Findings 

EF-1 was on over the Spring Break and off over the Intersession break. It should have been off 
during the Spring Break, and MAU-1 should have been turned on and off manually at the same 
time as hood fan EF-1. The data in Table G-2 summarize the EF-1 pre- and post-retrofit power, 
excluding the Intersession and Spring Break periods. Figure G-10 shows the EF-1 pre- and post-
retrofit average daily power profiles for weekdays, weekend days, and all days, excluding days 
when EF-1 was off. 

Table G-2.  EF-1 Pre- and Post-Retrofit Power. 
EF-1 Weekdays Weekends All Days 
Pre-Retrofit kWh/day 79.48 97.45 84.07 
Post-Retrofit kWh/day 49.38 56.44 51.61 
Pre-Retrofit Average Power 
kW/24hr 

3.31 4.06 3.50 

Post-Retrofit Average Power 
kW/24hr 

2.06 2.35 2.15 

Savings kWh/day 30.11 41.00 32.46 
kWh/day Savings % 38% 42% 39% 

MAU-1 was off many days when it should have been on, and vice versa. The lack of coordinated 
operation with EF-1 and 24-hour operation over many days results in unrealistically high energy 
savings. The difference between pre- and post-retrofit savings should be closer to half of what 
was measured. The data in Table G-3 summarize the pre- and post-retrofit power, excluding days 
when it was off. Figure G-11 shows the MAU-1 pre- and post-retrofit average daily power pro-
files for weekdays, weekend days, and all days, excluding days when it was off. The controls for 
EF-1 and MAU-1 are not interlocked during the pre-retrofit period; if they were, MAU-1 would 
not have run overnight except when EF-1 was left on. 

Table G-3.  MAU-1 Pre- and Post-Retrofit Power. 
MAU-1 Weekdays Weekends All Days 
Pre-Retrofit kWh/day 214.95 225.30 217.87 
Post-Retrofit kWh/day 88.89 102.34 93.14 
Pre-Retrofit Average Power 
kW/24hr 

8.96 9.39 9.08 

Post-Retrofit Average Power 
kW/24hr 

3.70 4.26 3.88 

Savings kWh/day 126.06 122.97 124.73 
kWh/day Savings % 59% 55% 57% 
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Figure G-10.  EF-1 Average Daily Power  Profiles by Weekday Type. 
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Figure G-11.  MAU-1 Average Daily Power  Profiles by Weekday Type. 
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Table G-4 lists the estimated energy and airflow savings based on the measured data, adjusted to 
remove days when either EF-1 or MAU-1 was off. 

Table G-4.  Estimated Average Pre- & Post-Retrofit Fan Power and Air flow Rates. 
Parameter  EF-1 MAU-1 
Average Pre-Retrofit Power (kW) 3.50 8.96 
Average Post-Retrofit Power (kW) 2.15 3.88 
Design Air Flow Rate (CFM) 15,500 12,400 
Pre-Retrofit Air Flow Rate (CFM) 14,861 11,391 
Average Post-Retrofit Fan Speed (VSD%) 64.57 68.36 
Average Post -Retrofit Air Flow Rate 
(CFM) 

9,595 7,787 

Air Flow Rate Savings (CFM) 5,266 3,604 
AHU-3 Air Flow Rate Savings for Heating 
and Cooling Due to Reduced Exhaust Rate 

1,661  

The kitchen hood operating hours are roughly 0330 to 2000 hours each day. Holiday and In-
tersession Breaks are estimated at 70 days (Winter Break 14 days, Spring Break 8 days, Interses-
sion Break 48 days). Estimated annual operating hours are 4,868. 

The gross reduced heating load for MAU-1 and AHU-3 was calculated using the Outdoor Air 
Load Calculator on the Food Service Technology Center’s website (see Appendix A). The as-
sumed heating setpoint for MAU-1 was 70 °F based on review of the data. Colorado Springs typ-
ical meteorological year (TMY) weather data was selected in the software. The calculated heat-
ing loads were divided by a furnace efficiency factor of 0.80 to estimate the purchased natural 
gas. Table G-5 lists the estimated gross annual energy savings. 

Table G-5.  Gross Estimated Annual Energy Savings. 
Parameter  Savings 
EF-1 Fan kW Savings/Hour 1.35 
MAU-1 Fan kW Savings/Hour 5.20 
Total Fan Power Savings kW/Hour 6.55 
Total Estimated Operating Hours/Year 4,868 
Total Estimated kWh/Year Savings 31,896 
MAU-1 Total Estimated Heating Energy Savings Therms/Year 5,387 
AHU-3 Total Estimated Heating Energy Savings Therms/Year 2,483 
AHU-3 Total Estimated Cooling Energy Savings kWh/Year 925 

The average reduction in exhaust flow rate for EF-1 was about 5,266 CFM. The reduction for 
MAU-1 was only 3,604 CFM. Since the air handler serving the kitchen (AHU-3) and other 
AHUs serving other areas of the building are constant volume units, theoretically the building 
pressure would have increased significantly, by about 1,661 CFM. In reality, the outside air draw 
would be reduced due to the over-pressurization. In turn, this reduces the heating and cooling 
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loads associated with the other AHUs. Since AHU-3 serves the kitchen, it provided most of the 
makeup air required to replace the air removed by EF-1. For estimation purposes, it was assumed 
that AHU-3 would have heated and cooled 1,661 CFM. 

Since MAU-1 was not operating every day, the holiday and intersession breaks should be re-
moved from the estimated savings. Table G-6 lists adjusted heating savings estimate based on 
subtracting the average daily heating savings from monthly heating loads by multiplying the 
break days in a given month by the calendar day average of the heating load. 

Table G-6.  Adjusted Heating Load Savings Due to Non-Operating Days. 

 
MAU-1  

Average Air  Flow Reduction of 3,604 CFM 
AHU-3 

Average Air  Flow Reduction of 1,661 CFM 

Heating kBtu Monthly  
Savings 

Daily  
Average 

Assumed  
Days Off 

Adjusted 
Monthly 
Savings 

Monthly 
Savings 

Daily  
Average 

Assumed 
Days Off 

Adjusted 
Monthly 
Savings 

Airflow CFM 3,604 -   1,661    

Jan 75,041 2,421 7 58,096 34,585 1,116 7 26,775 

Feb 57,764 2,063 - 57,764 26,622 951 - 26,622 

Mar 58,297 1,881 7 45,133 26,868 867 7 20,801 

Apr 39,117 1,304 - 39,117 18,028 601 - 18,028 

May 21,666 699 11 13,978 9,985 322 11 6,442 

Jun 8,817 294 30 - 4,064 135 30 - 

Jul 4,034 130 8 2,993 1,859 60 8 1,379 

Aug 5,560 179 - 5,560 2,563 83 - 2,563 

Sep 14,614 487 - 14,614 6,735 225 - 6,735 

Oct 27,296 881 - 27,296 12,580 406 - 12,580 

Nov 51,541 1,718 - 51,541 23,754 792 - 23,754 

Dec 67,214 2,168 7 52,037 30,977 999 7 23,982 

Annual Heating  
Load [kBtu] 

430,961  70 368,129 198,620 6,556 70 169,662 

Table G-7 lists the estimated cooling load savings for AHU-3. 

Table G-7.  Adjusted Cooling Load Savings Due to Non-Operating Days. 

Cooling kBtu 
Monthly 
Savings 

Daily 
Average 

Assumed Days 
Off 

Adjusted Monthly 
Savings 

Jan — — 7 — 
Feb — — — — 
Mar — — 7 — 
Apr 20 1 — 20 
May 262 8 11 203 
Jun 2,873 96 30 — 
Jul 3,471 112 8 2,687 
Aug 2,105 68 — 2,105 
Sep 461 15 — 461 
Oct 276 9 — 276 
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Cooling kBtu 
Monthly 
Savings 

Daily 
Average 

Assumed Days 
Off 

Adjusted Monthly 
Savings 

Nov — — — — 
Dec — — 7 — 
Annual Cooling Load 
[kBtu] 

9,468  70 5,752 

The adjusted heating loads were divided by an assumed furnace heating efficiency factor of 0.8 
to calculate the purchased natural gas quantities. The adjusted reduction in cooling load was 
converted to compressor input energy by dividing the cooling load by an assumed CoP of 3.0. 
The input energy was converted to kWh by dividing by 3.413. Table G-8 lists the adjusted annu-
al electricity and natural gas savings. 

Table G-8.  Adjusted Estimated Annual Energy Savings by Removing Beak Days. 
Parameter  Savings 
EF-1 Fan kW Savings/Hour 1.35 
MAU-1 Fan kW Savings/Hour 5.20 
Total Fan Power Savings kW/Hour 6.55 
Total Estimated Operating Hours/Year 4,868 
Total Estimated kWh/Year Savings 31,896 
MAU-1 Total Estimated Heating Energy Savings 
Therms/Year 

4,602 

AHU-3 Total Estimated Heating Energy Savings 
Therms/Year 

2,121 

AHU-3 Total Estimated Cooling Energy Savings 
kWh/Year 

562 

Table G-9 lists the estimated annual energy cost savings for electric and natural gas. The utility 
costs for Bldg. 5218 were assumed to be $0.06 per kWh and $0.50 per Therm based on infor-
mation provided by the Fort Carson Energy Manager. Since the savings are based on an assumed 
normal operation that turns on and shuts down every day, the actual savings for Bldg. 5218 
should be significantly higher due to the continuous operation of MAU-1 observed during the 
monitoring. 

Table G-9.  Estimated Annual Energy Cost Savings. 
Parameter  Savings Totals  
Electricity Savings     
Fan Energy Reduction Savings $1,914   
AHU-3 Cooling Savings $34   
Total Estimated Electricity Cost 
Savings 

 $1,947  

Natural Gas Savings     
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Parameter  Savings Totals  
MAU-1 Heating Reduction Savings $2,301   
AHU-3 Heating Reduction Savings $1,060   
Total Estimated Natural Gas Cost 
Savings 

 $3,361 

Total Estimated Cost Savings/Year   $5,309  
G.5 Outdoor  Air  Load Calculator  Inputs and Outputs 

Table G-10 (also available online at www.fishnick.com) lists outdoor air load calculator inputs 
and outputs. 

Table G-10.  Outdoor Air Load Calculator Inputs and Outputs. 
Outdoor Air  Load Calculator  
Outputs for  USAFA 

EF-1 Pre EF-1 Post MAU-1 Pre MAU-1 Post AHU-3 Savings 

1 2 3 4 5 

City COLORADO_SPRINGS COLORADO_SPRINGS COLORADO_SPRINGS COLORADO_SPRINGS COLORADO_SPRINGS 

State/Prov CO CO CO CO CO 

Elev [ft] 6,171 6,171 6,171 6,171 6,171 

Start 3:30 3:30 3:30 3:30 3:30 

End 20:00 20:00 20:00 20:00 20:00 

HrsOfOp 17 17 17 17 17 

Flow [CFM] 14,861 9,595 11,391 7,787 1,661 

HeatSP [F] 70 70 70 70 70 

CoolSP [F] 72 72 72 72 72 

Dehumidify None None None None None 

DhSpcT [F] N/A N/A N/A N/A N/A 

Ht Lockout Mo — — — — — 

Cl Lockout Mo — — — — — 

AnnHeat [kBtu] 1,777,062 1,147,359 1,362,123 931,161 198,620 

AnnCool [kBtu] 84,710 54,693 64,931 44,387 9,468 

HtDsgnPwr[kBh] 1,115 720 854 584 125 

ClDsgnPwr[kBh] 261 168 200 137 29 

HtPblmHrs  —   —   —   —   —  

ClPblmHrs  —   —   —   —   —  

DHPblmHrs  —   —   —   —   —  

JanHeat [kBtu] 309,429 199,783 237,178 162,137 34,585 

FebHeat [kBtu] 238,188 153,786 182,572 124,808 26,622 

MarHeat [kBtu] 240,388 155,207 184,258 125,961 26,868 

AprHeat [kBtu] 161,301 104,144 123,637 84,520 18,028 

MayHeat [kBtu] 89,340 57,682 68,479 46,813 9,985 

JunHeat [kBtu] 36,358 23,474 27,868 19,051 4,064 

JulHeat [kBtu] 16,633 10,739 12,750 8,716 1,859 

AugHeat [kBtu] 22,927 14,803 17,574 12,014 2,563 

SepHeat [kBtu] 60,262 38,908 46,191 31,577 6,735 

OctHeat [kBtu] 112,552 72,669 86,272 58,976 12,580 

NovHeat [kBtu] 212,528 137,219 162,904 111,363 23,754 

DecHeat [kBtu] 277,155 178,945 212,440 145,226 30,977 

JanCool [kBtu] - - - - - 

FebCool [kBtu] - - - - - 

MarCool [kBtu] - - - - - 

http://www.fishnick.com/�
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Outdoor Air  Load Calculator  
O  f  USAFA 

EF-1 Pre EF-1 Post MAU-1 Pre MAU-1 Post AHU-3 Savings 

AprCool [kBtu] 181 117 138 95 20 

MayCool [kBtu] 2,344 1,513 1,796 1,228 262 

JunCool [kBtu] 25,703 16,595 19,701 13,468 2,873 

JulCool [kBtu] 31,059 20,053 23,807 16,275 3,471 

AugCool [kBtu] 18,833 12,160 14,436 9,868 2,105 

SepCool [kBtu] 4,126 2,664 3,163 2,162 461 

OctCool [kBtu] 2,465 1,592 1,889 1,292 276 

NovCool [kBtu] - - - - - 

DecCool [kBtu] - - - - - 

SplTsp, [inW] 0.50 0.50 0.50 0.50 0.50 

SplFanTyp Backward_Inclined Backward_Inclined Backward_Inclined Backward_Inclined Backward_Inclined 

SplFanEff [%] 78.0 78.0 78.0 78.0 78.0 

SplMotClass High_Efficiency High_Efficiency High_Efficiency High_Efficiency High_Efficiency 

SplMotEff [%] 84.0 83.0 83.0 77.0 60.0 

SplMotOutput [hp] 1.20 0.78 0.92 0.63 0.13 

SplMotInput [kW] 1.07 0.70 0.83 0.61 0.17 

ExhTsp [inW] 1.00 1.00 1.00 1.00 1.00 

ExhFanTyp Backward_Inclined Backward_Inclined Backward_Inclined Backward_Inclined Backward_Inclined 

ExhFanEff [%] 78.0 78.0 78.0 78.0 78.0 

ExhMotClass High_Efficiency High_Efficiency High_Efficiency High_Efficiency High_Efficiency 

ExhMotEff [%] 84.0 84.0 84.0 84.0 66.0 

ExhMotOutput [hp] 2.400 1.550 1.840 1.258 0.268 

ExhMotInput [kW] 2.131 1.376 1.633 1.116 0.303 

SplEnergy [kWh] 6,610 4,319 5,128 3,779 1,034 

ExhEnergy [kWh] 13,221 8,536 10,134 6,928 1,881 
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Appendix H: Economic Analysis Repor ts 

The economic analysis used in this evaluation was that which is required for federal government 
projects as described in the "Life-Cycle Costing Manual for the Federal Energy Management 
Program" prepared by the National Institute of Standards and Technology (Handbook 135). The 
accompanying software program, Building Life-Cycle Cost (BLCC) was used to make the spe-
cific economic analyses. Copies of the result print-outs from the specific computer program runs 
are provided in this appendix. A listing of the following result runs is shown in the Table below. 
The first four runs are for the results found at the four test sites and the following 15 runs are for 
a typical dining facility located in one of the 15 climate zones. 

Table H -1 Listing of LCC analysis 

Test Site 
Simple Payback Period 
(yrs.) SIR AIRR 

Ft. Lee, Building 18028 4.74 1.86 9.58% 

Ellsworth Air Force Base, Food Court 37.21 0.28 -9.31% 

Ft. Carson, Building 1444 13.22 0.79 0.63% 

USAF Academy Prep School 8.44 1.18 4.71% 

Typical Dining Facility Analysis 

Climate Zone City       

1A Miami, FL 8.13 1.08 3.75% 

2A Houston, TX 5.94 1.56 7.69% 

2B Phoenix, AZ 5.12 1.78 9.10% 

3A Memphis, TN 4.82 1.99 10.32% 

3B El Paso, TX 5.31 1.77 9.06% 

3C San Francisco, CA 4.92 2.00 10.38% 

4A Baltimore, MD 3.95 2.48 12.80% 

4B Albuquerque, NM 4.53 2.13 11.12% 

4C Seattle, WA 4.2 2.37 12.31% 

5A Chicago, IL 3.74 2.69 13.71% 

5B Colorado Springs, CO 4.19 2.36 12.25% 

6A Burlington, VT 3.27 3.10 15.34% 

6B Helene, MT 3.53 2.86 14.40% 

7A Duluth, MN 2.79 3.66 17.27% 

8A Fairbanks, Al 2.08 4.96 20.91% 

Air Flow Analysis 

5,000 CFM Exhaust Hood 7.34 1.37 6.32% 

10,000 CFM Exhaust Hood 5.72 1.76 9.00% 
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H.1.1 Test Site: 

H.1.1.1  For t Lee, VA - NIST BLCC 5.3-13: ECIP Repor t  

This NIST Building Life Cycle Cost (BLCC) 5.3-13, Energy Conservation Investment Program 
(ECIP) Report is consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, 
Part 436, Subpart A. 

The LCC calculations are based on the FEMP discount rates and energy price escalation rates 
updated on 01 April 2013. 

Location:  Virginia  Discount Rate:  3% 

Project Title:  Fort Lee, VA Kitchen Hood DCV Analyst:  A. Woody 

Base Date:  01 April 2013 Preparation Date:  Tue Apr 01 17:35:09 EDT 2014  

BOD:  01 October 2013 Economic Life:  10 years 0 months  

1. Investment 

Construction Cost $45,799  

SIOH $2,611  

Design Cost $0  

Total Cost $48,410  

Salvage Value of Existing Equipment $0  

Public Utility Company $0  

Total Investment $48,410  

2. Energy and Water Savings (+) or Cost (-)  

Base Date Savings, unit costs, & discounted savings  

Item  Unit Cost  
Usage 
Savings  

Annual 
Savings  

Discount 
Factor  

Discounted 
Savings  

Electr icity  $11.20  982.4 MBtu  $11,006  8.855 $97,456  

Energy Subtotal  
 

982.4 MBtu  $11,006  

 

$97,456  

Water Subtotal  
 

0.0 Mgal  $0  

 

$0  

Total  
  

$11,006  

 

$97,456  
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3. Non-Energy Savings (+) or Cost (-)  

Item  Savings/Cost  Occurrence  
Discount 
Factor  

Discounted 
Savings/Cost  

Annually Recurring  -$800 Annual  9.483 -$7,587 

Non-Annually Recurring  
    Non-Annually Recurring Subtotal  $0  

  

$0  

Total  -$800 

  

-$7,587 

 

4. First year savings  $10,206  

 5. Simple Payback Period (in years)  4.74 (total investment/first-year savings)  

6. Total Discounted Operational Savings  $89,869  

 7. Savings to Investment Ratio (SIR)  1.86 (total discounted operational savings/total investment)  

8. Adjusted Internal Rate of Return (AIRR)  9.58% (1+d)*SIR^(1/n)-1; d=discount rate, n=years in study period  

H.1.1.2  Ellswor th AFB, SD – NIST BLCC 5.3-13: ECIP Repor t 

This NIST Building Life Cycle Cost (BLCC) 5.3-13, Energy Conservation Investment Program 
(ECIP) Report is consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, 
Part 436, Subpart A. 

The LCC calculations are based on the FEMP discount rates and energy price escalation rates 
updated on 01 April 2013. 

Location: South Dakota Discount Rate: 3% 

Project Title: Ellsworth AFB, SD Kitchen Hood DCV Analyst: A. Woody 

Base Date: 01 April 2013 Preparation Date: Thu Nov 07 17:56:24 EST 2013 

BOD: 01 October 2013 Economic Life: 10 years 0 months 

1. Investment 

Construction Cost $28,623 

SIOH $1,632 

Design Cost $0 

Total Cost $30,255 

Salvage Value of Existing Equipment $0 

Public Utility Company $0 

Total Investment $30,255 

2. Energy and Water Savings (+) or Cost (-) 

Base Date Savings, unit costs, & discounted savings 
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Item Unit Cost Usage Savings Annual Savings Discount Factor Discounted Savings 

Electricity $23.44569 14.4 MBtu $338 8.710 $2,948 

Natural Gas $7.49997 116.6 MBtu $874 10.222 $8,939 

Energy Subtotal  131.0 MBtu $1,213  $11,887 

Water Subtotal  0.0 Mgal $0  $0 

Total   $1,213  $11,887 

3. Non-Energy Savings (+) or Cost (-) 

Item Savings/Cost Occurrence Discount Factor Discounted Savings/Cost 

Annually Recurring -$400 Annual 8.536 -$3,414 

Non-Annually Recurring     

Non-Annually Recurring Subtotal $0   $0 

Total -$400   -$3,414 

 

4. First year savings $813 

 5. Simple Payback Period (in years) 37.21 (total investment/first-year savings) 

6. Total Discounted Operational Savings $8,473  

7. Savings to Investment Ratio (SIR) 0.28 (total discounted operational savings/total investment) 

8. Adjusted Internal Rate of Return (AIRR) -9.31% (1+d)*SIR^(1/n)-1; d=discount rate, n=years in study period 

H.1.1.3  For t Carson, Colorado Spr ings, CO – NIST BLCC 5.3-13: ECIP Repor t 

This NIST Building Life Cycle Cost (BLCC) 5.3-13, Energy Conservation Investment Program 
(ECIP) Report is consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, 
Part 436, Subpart A. 

The LCC calculations are based on the FEMP discount rates and energy price escalation rates 
updated on 01 April 2013. 

Location: Colorado Discount Rate: 3% 

Project Title: Fort Carson, CO Kitchen Hood DCV Analyst: A. Woody 

Base Date: 01 April 2013 Preparation Date: Thu Nov 07 17:22:04 EST 2013 

BOD: 01 October 2013 Economic Life: 10 years 0 months 
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1. Investment 

Construction Cost $48,997 

SIOH $2,793 

Design Cost $0 

Total Cost $51,790 

Salvage Value of Existing Equipment $0 

Public Utility Company $0 

Total Investment $51,790 

2. Energy and Water Savings (+) or Cost (-) 

Base Date Savings, unit costs, & discounted savings 

Item Unit Cost Usage Savings Annual Savings Discount Factor Discounted Savings 

Electricity $17.58427 56.6 MBtu $995 8.569 $8,525 

Natural Gas $4.99998 704.3 MBtu $3,522 10.693 $37,654 

Energy Subtotal  760.9 MBtu $4,516  $46,179 

Water Subtotal  0.0 Mgal $0  $0 

Total   $4,516  $46,179 

3. Non-Energy Savings (+) or Cost (-) 

Item Savings/Cost Occurrence Discount Factor Discounted Savings/Cost 

Annually Recurring -$600 Annual 8.536 -$5,121 

Non-Annually Recurring     

Non-Annually Recurring Subtotal $0   $0 

Total -$600   -$5,121 

 

4. First year savings $3,916 

 5. Simple Payback Period (in years) 13.22 (total investment/first-year savings) 

6. Total Discounted Operational Savings $41,058  

7. Savings to Investment Ratio (SIR) 0.79 (total discounted operational savings/total investment) 

8. Adjusted Internal Rate of Return (AIRR) 0.63% (1+d)*SIR^(1/n)-1; d=discount rate, n=years in study period 

H.1.1.4  USAFA, Colorado Spr ings, CO – NIST BLCC 5.3-13: ECIP Repor t  

This NIST Building Life Cycle Cost (BLCC) 5.3-13, Energy Conservation Investment Program 
(ECIP) Report is consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, 
Part 436, Subpart A. 

The LCC calculations are based on the FEMP discount rates and energy price escalation rates 
updated on 01 April 2013. 
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Location: Colorado Discount Rate: 3% 

Project Title: USAFA, Colorado Springs, CO Kitchen Hood DCV Analyst: A. Woody 

Base Date: 01 April 2013 Preparation Date: Thu Jan 02 17:24:10 EST 2014 

BOD: 01 October 2013 Economic Life: 10 years 0 months 

1. Investment 

Construction Cost $38,941  

SIOH $2,220  

Design Cost $0  

Total Cost $41,161  

Salvage Value of Existing Equipment $0  

Public Utility Company $0  

Total Investment $41,161  

2. Energy and Water Savings (+) or Cost (-) 

Base Date Savings, unit costs, & discounted savings  

Item Unit Cost Usage Savings Annual Savings Discount Factor  Discounted Savings 

Electr icity $17.58427 108.8 MBtu $1,913  8.569 $16,393 

Natural Gas $4.99998 672.2 MBtu $3,361 10.693 $35,938 

Energy Subtotal 
 

781.0 MBtu $5,274 

 

$52,331  

Water Subtotal 
 

0.0 Mgal $0  

 

$0  

Total 
  

$5,274  

 

$52,331 

 

3. Non-Energy Savings (+) or Cost (-) 

Item Savings/Cost Occurrence Discount Factor  Discounted Savings/Cost 

Annually Recurring -$400 Annual 9.483 -$3,793 

Non-Annually Recurring 
   

 
Non-Annually Recurring 
Subtotal $0  

  $0  

Total -$400 
  

-$3,793 
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4. First year savings $4,875  

 5. Simple Payback Period (in years) 8.44 (total investment/first-year savings) 

6. Total Discounted Operational Savings $48,538  
 

7. Savings to Investment Ratio (SIR) 1.18 (total discounted operational savings/total investment) 

8. Adjusted Internal Rate of Return (AIRR) 4.71% (1+d)*SIR^(1/n)-1; d=discount rate, n=years in study period 

H.1.2 Climate Zone 

H.1.2.1  1A – Miami, FL – NIST BLCC 5.3-13: ECIP Repor t 

This NIST Building Life Cycle Cost (BLCC) 5.3-13, Energy Conservation Investment Program 
(ECIP) Report is consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, 
Part 436, Subpart A. 

The LCC calculations are based on the FEMP discount rates and energy price escalation rates 
updated on 01 April 2013. 

Location: Florida Discount Rate: 3% 

Project Title: Miami, FL Typical DCV Analyst: A. Woody 

Base Date: 01 April 2013 Preparation Date: Thu Jan 02 17:19:08 EST 2014 

BOD: 01 October 2013 Economic Life: 10 years 0 months 

1. Investment 

Construction Cost $41,150 

SIOH $2,346 

Design Cost $0 

Total Cost $43,496 

Salvage Value of Existing Equipment $0 

Public Utility Company $0 

Total Investment $43,496 

2. Energy and Water Savings (+) or Cost (-) 

Base Date Savings, unit costs, & discounted savings 

Item Unit Cost Usage Savings Annual Savings Discount Factor Discounted Savings 

Electricity $25.70234 215.1 MBtu $5,529 8.569 $47,376 

Natural Gas $6.02028 70.0 MBtu $421 10.693 $4,506 

Energy Subtotal  285.1 MBtu $5,950  $51,882 

Water Subtotal  0.0 Mgal $0  $0 

Total   $5,950  $51,882 

3. Non-Energy Savings (+) or Cost (-) 
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Item Savings/Cost Occurrence Discount Factor Discounted Savings/Cost 

Annually Recurring -$600 Annual 8.536 -$5,121 

Non-Annually Recurring     

Non-Annually Recurring Subtotal $0   $0 

Total -$600   -$5,121 

4. First year savings $5,350 

 5. Simple Payback Period (in years) 8.13 (total investment/first-year savings) 

6. Total Discounted Operational Savings $46,761  

7. Savings to Investment Ratio (SIR) 1.08 (total discounted operational savings/total investment) 

8. Adjusted Internal Rate of Return (AIRR) 3.75% (1+d)*SIR^(1/n)-1; d=discount rate, n=years in study period 

H.1.2.2  2A – Houston, TX – NIST BLCC 5.3-13: ECIP Repor t 

This NIST Building Life Cycle Cost (BLCC) 5.3-13, Energy Conservation Investment Program 
(ECIP) Report is consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, 
Part 436, Subpart A. 

The LCC calculations are based on the FEMP discount rates and energy price escalation rates 
updated on 01 April 2013. 

Location: Texas Discount Rate: 3% 

Project Title: Houston, TX Typical DCV Analyst: A. Woody 

Base Date: 01 April 2013 Preparation Date: Thu Jan 02 17:24:10 EST 2014 

BOD: 01 October 2013 Economic Life: 10 years 0 months 

1. Investment 

Construction Cost $41,150 

SIOH $2,346 

Design Cost $0 

Total Cost $43,496 

Salvage Value of Existing Equipment $0 

Public Utility Company $0 

Total Investment $43,496 

2. Energy and Water Savings (+) or Cost (-) 

Base Date Savings, unit costs, & discounted savings 
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Item Unit Cost Usage Savings Annual Savings Discount Factor Discounted Savings 

Electricity $25.70234 213.1 MBtu $5,478 8.569 $46,943 

Natural Gas $6.02028 405.2 MBtu $2,439 10.693 $26,084 

Energy Subtotal  618.3 MBtu $7,918  $73,027 

Water Subtotal  0.0 Mgal $0  $0 

Total   $7,918  $73,027 

3. Non-Energy Savings (+) or Cost (-) 

Item Savings/Cost Occurrence Discount Factor Discounted Savings/Cost 

Annually Recurring -$600 Annual 8.536 -$5,121 

Non-Annually Recurring     

Non-Annually Recurring Subtotal $0   $0 

Total -$600   -$5,121 

 

4. First year savings $7,318 

 5. Simple Payback Period (in years) 5.94 (total investment/first-year savings) 

6. Total Discounted Operational Savings $67,906  

7. Savings to Investment Ratio (SIR) 1.56 (total discounted operational savings/total investment) 

8. Adjusted Internal Rate of Return (AIRR) 7.69% (1+d)*SIR^(1/n)-1; d=discount rate, n=years in study period 

 

H.1.2.3  2B – Phoenix, AZ – NIST BLCC 5.3-13: ECIP Repor t 

This NIST Building Life Cycle Cost (BLCC) 5.3-13, Energy Conservation Investment Program 
(ECIP) Report is consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, 
Part 436, Subpart A. 

The LCC calculations are based on the FEMP discount rates and energy price escalation rates 
updated on 01 April 2013. 

Location: Arizona Discount Rate: 3% 

Project Title: Phoenix, AZ Typical DCV Analyst: A. Woody 

Base Date: 01 April 2013 Preparation Date: Thu Jan 02 15:30:58 EST 2014 

BOD: 01 October 2013 Economic Life: 10 years 0 months 
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1. Investment 

Construction Cost $41,150 

SIOH $2,346 

Design Cost $0 

Total Cost $43,496 

Salvage Value of Existing Equipment $0 

Public Utility Company $0 

Total Investment $43,496 

2. Energy and Water Savings (+) or Cost (-) 

Base Date Savings, unit costs, & discounted savings 

Item Unit Cost Usage Savings Annual Savings Discount Factor Discounted Savings 

Electricity $25.70234 272.3 MBtu $6,998 8.569 $59,961 

Natural Gas $6.02028 349.3 MBtu $2,103 10.693 $22,486 

Energy Subtotal  621.6 MBtu $9,100  $82,447 

Water Subtotal  0.0 Mgal $0  $0 

Total   $9,100  $82,447 

3. Non-Energy Savings (+) or Cost (-) 

Item Savings/Cost Occurrence Discount Factor Discounted Savings/Cost 

Annually Recurring -$600 Annual 8.536 -$5,121 

Non-Annually Recurring     

Non-Annually Recurring Subtotal $0   $0 

Total -$600   -$5,121 

 

4. First year savings $8,500 

 5. Simple Payback Period (in years) 5.12 (total investment/first-year savings) 

6. Total Discounted Operational Savings $77,326  

7. Savings to Investment Ratio (SIR) 1.78 (total discounted operational savings/total investment) 

8. Adjusted Internal Rate of Return (AIRR) 9.10% (1+d)*SIR^(1/n)-1; d=discount rate, n=years in study period 

H.1.2.4  3A – Memphis, TN – NIST BLCC 5.3-13: ECIP Repor t 

This NIST Building Life Cycle Cost (BLCC) 5.3-13, Energy Conservation Investment Program 
(ECIP) Report is consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, 
Part 436, Subpart A. 

The LCC calculations are based on the FEMP discount rates and energy price escalation rates 
updated on 01 April 2013. 
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Location: Tennessee Discount Rate: 3% 

Project Title: Memphis, TN Typical DCV Analyst: A. Woody 

Base Date: 01 April 2013 Preparation Date: Thu Jan 02 17:28:03 EST 2014 

BOD: 01 October 2013 Economic Life: 10 years 0 months 

1. Investment 

Construction Cost $41,150 

SIOH $2,346 

Design Cost $0 

Total Cost $43,496 

Salvage Value of Existing Equipment $0 

Public Utility Company $0 

Total Investment $43,496 

2. Energy and Water Savings (+) or Cost (-) 

Base Date Savings, unit costs, & discounted savings 

Item Unit Cost Usage Savings Annual Savings Discount Factor Discounted Savings 

Electricity $25.70234 210.4 MBtu $5,408 8.569 $46,339 

Natural Gas $6.02028 701.6 MBtu $4,224 10.693 $45,164 

Energy Subtotal  912.0 MBtu $9,632  $91,503 

Water Subtotal  0.0 Mgal $0  $0 

Total   $9,632  $91,503 

3. Non-Energy Savings (+) or Cost (-) 

Item Savings/Cost Occurrence Discount Factor Discounted Savings/Cost 

Annually Recurring -$600 Annual 8.536 -$5,121 

Non-Annually Recurring     

Non-Annually Recurring Subtotal $0   $0 

Total -$600   -$5,121 
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4. First year savings $9,032 

 5. Simple Payback Period (in years) 4.82 (total investment/first-year savings) 

6. Total Discounted Operational Savings $86,382  

7. Savings to Investment Ratio (SIR) 1.99 (total discounted operational savings/total investment) 

8. Adjusted Internal Rate of Return (AIRR) 10.32% (1+d)*SIR^(1/n)-1; d=discount rate, n=years in study period 

H.1.2.5  3B – El Paso, TX – NIST BLCC 5.3-13: ECIP Repor t 

This NIST Building Life Cycle Cost (BLCC) 5.3-13, Energy Conservation Investment Program 
(ECIP) Report is consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, 
Part 436, Subpart A. 

The LCC calculations are based on the FEMP discount rates and energy price escalation rates 
updated on 01 April 2013. 

Location: Texas Discount Rate: 3% 

Project Title: El Paso, TX Typical DCV Analyst: A. Woody 

Base Date: 01 April 2013 Preparation Date: Thu 02 Jan 17:31:19 EST 2014 

BOD: 01 October 2013 Economic Life: 10 years 0 months 

1. Investment 

Construction Cost $41,150 

SIOH $2,346 

Design Cost $0 

Total Cost $43,496 

Salvage Value of Existing Equipment $0 

Public Utility Company $0 

Total Investment $43,496 

2. Energy and Water Savings (+) or Cost (-) 

Base Date Savings, unit costs, & discounted savings 

Item Unit Cost Usage Savings Annual Savings Discount Factor Discounted Savings 

Electricity $25.70234 216.1 MBtu $5,554 8.569 $47,587 

Natural Gas $6.02028 536.8 MBtu $3,232 10.693 $34,555 

Energy Subtotal  752.9 MBtu $8,785  $82,143 

Water Subtotal  0.0 Mgal $0  $0 

Total   $8,785  $82,143 

3. Non-Energy Savings (+) or Cost (-) 
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Item Savings/Cost Occurrence Discount Factor Discounted Savings/Cost 

Annually Recurring -$600 Annual 8.536 -$5,121 

Non-Annually Recurring     

Non-Annually Recurring Subtotal $0   $0 

Total -$600   -$5,121 

 

4. First year savings $8,185 

 5. Simple Payback Period (in years) 5.31 (total investment/first-year savings) 

6. Total Discounted Operational Savings $77,021  

7. Savings to Investment Ratio (SIR) 1.77 (total discounted operational savings/total investment) 

8. Adjusted Internal Rate of Return (AIRR) 9.06% (1+d)*SIR^(1/n)-1; d=discount rate, n=years in study period 

H.1.2.6  3C – San Francisco, CA – NIST BLCC 5.3-13: ECIP Repor t 

This NIST Building Life Cycle Cost (BLCC) 5.3-13, Energy Conservation Investment Program 
(ECIP) Report is consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, 
Part 436, Subpart A. 

The LCC calculations are based on the FEMP discount rates and energy price escalation rates 
updated on 01 April 2013. 

Location: California Discount Rate: 3% 

Project Title: San Francisco, CA Typical DCV Analyst: A. Woody 

Base Date: 01 April 2013 Preparation Date: Thu Jan 02 17:40:08 EST 2014 

BOD: 01 October 2013 Economic Life: 10 years 0 months 

1. Investment 

Construction Cost $41,150 

SIOH $2,346 

Design Cost $0 

Total Cost $43,496 

Salvage Value of Existing Equipment $0 

Public Utility Company $0 

Total Investment $43,496 

2. Energy and Water Savings (+) or Cost (-) 

Base Date Savings, unit costs, & discounted savings 
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Item Unit Cost Usage Savings Annual Savings Discount Factor Discounted Savings 

Electricity $25.70234 162.4 MBtu $4,173 8.569 $35,760 

Natural Gas $6.02028 873.5 MBtu $5,259 10.693 $56,230 

Energy Subtotal  1,035.9 MBtu $9,432  $91,990 

Water Subtotal  0.0 Mgal $0  $0 

Total   $9,432  $91,990 

3. Non-Energy Savings (+) or Cost (-) 

Item Savings/Cost Occurrence Discount Factor Discounted Savings/Cost 

Annually Recurring -$600 Annual 8.536 -$5,121 

Non-Annually Recurring     

Non-Annually Recurring Subtotal $0   $0 

Total -$600   -$5,121 

 

4. First year savings $8,832 

 5. Simple Payback Period (in years) 4.92 (total investment/first-year savings) 

6. Total Discounted Operational Savings $86,868  

7. Savings to Investment Ratio (SIR) 2.00 (total discounted operational savings/total investment) 

8. Adjusted Internal Rate of Return (AIRR) 10.38% (1+d)*SIR^(1/n)-1; d=discount rate, n=years in study period 

 

H.1.2.7  4A – Baltimore, MD – NIST BLCC 5.3-13: ECIP Repor t 

This NIST Building Life Cycle Cost (BLCC) 5.3-13, Energy Conservation Investment Program 
(ECIP) Report is consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, 
Part 436, Subpart A. 

The LCC calculations are based on the FEMP discount rates and energy price escalation rates 
updated on 01 April 2013. 

Location: Maryland Discount Rate: 3% 

Project Title: Baltimore, MD Typical DCV Analyst: A. Woody 

Base Date: 01 April 2013 Preparation Date: Thu 02 Jan 17:37:43 EST 2014 

BOD: 01 October 2013 Economic Life: 10 years 0 months 

1. Investment 
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Construction Cost $41,150 

SIOH $2,346 

Design Cost $0 

Total Cost $43,496 

Salvage Value of Existing Equipment $0 

Public Utility Company $0 

Total Investment $43,496 

2. Energy and Water Savings (+) or Cost (-) 

Base Date Savings, unit costs, & discounted savings 

Item Unit Cost Usage Savings Annual Savings Discount Factor Discounted Savings 

Electricity $25.70234 202.8 MBtu $5,211 8.569 $44,656 

Natural Gas $6.02028 1,061.4 MBtu $6,390 10.693 $68,326 

Energy Subtotal  1,264.2 MBtu $11,601  $112,981 

Water Subtotal  0.0 Mgal $0  $0 

Total   $11,601  $112,981 

3. Non-Energy Savings (+) or Cost (-) 

Item Savings/Cost Occurrence Discount Factor Discounted Savings/Cost 

Annually Recurring -$600 Annual 8.536 -$5,121 

Non-Annually Recurring     

Non-Annually Recurring Subtotal $0   $0 

Total -$600   -$5,121 

 

4. First year savings $11,001 

 5. Simple Payback Period (in years) 3.95 (total investment/first-year savings) 

6. Total Discounted Operational Savings $107,860  

7. Savings to Investment Ratio (SIR) 2.48 (total discounted operational savings/total investment) 

8. Adjusted Internal Rate of Return (AIRR) 12.80% (1+d)*SIR^(1/n)-1; d=discount rate, n=years in study period 

H.1.2.8  4B – Albuquerque, NM – NIST BLCC 5.3-13: ECIP Repor t 

This NIST Building Life Cycle Cost (BLCC) 5.3-13, Energy Conservation Investment Program 
(ECIP) Report is consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, 
Part 436, Subpart A. 

The LCC calculations are based on the FEMP discount rates and energy price escalation rates 
updated on 01 April 2013. 
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Location: New Mexico Discount Rate: 3% 

Project Title: Albuquerque, NM Typical DCV Analyst: A. Woody 

Base Date: 01 April 2013 Preparation Date: Thu 02 Jan 17:34:06 EST 2014 

BOD: 01 October 2013 Economic Life: 10 years 0 months 

1. Investment 

Construction Cost $41,150 

SIOH $2,346 

Design Cost $0 

Total Cost $43,496 

Salvage Value of Existing Equipment $0 

Public Utility Company $0 

Total Investment $43,496 

2. Energy and Water Savings (+) or Cost (-) 

Base Date Savings, unit costs, & discounted savings 

Item Unit Cost Usage Savings Annual Savings Discount Factor Discounted Savings 

Electricity $25.70234 203.4 MBtu $5,227 8.569 $44,787 

Natural Gas $6.02028 826.2 MBtu $4,974 10.693 $53,185 

Energy Subtotal  1,029.6 MBtu $10,201  $97,972 

Water Subtotal  0.0 Mgal $0  $0 

Total   $10,201  $97,972 

3. Non-Energy Savings (+) or Cost (-) 

Item Savings/Cost Occurrence Discount Factor Discounted Savings/Cost 

Annually Recurring -$600 Annual 8.536 -$5,121 

Non-Annually Recurring     

Non-Annually Recurring Subtotal $0   $0 

Total -$600   -$5,121 

 

4. First year savings $9,601 

 5. Simple Payback Period (in years) 4.53 (total investment/first-year savings) 

6. Total Discounted Operational Savings $92,850  

7. Savings to Investment Ratio (SIR) 2.13 (total discounted operational savings/total investment) 

8. Adjusted Internal Rate of Return (AIRR) 11.12% (1+d)*SIR^(1/n)-1; d=discount rate, n=years in study period 
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H.1.2.9  4C – Seattle, WA – NIST BLCC 5.3-13: ECIP Repor t 

This NIST Building Life Cycle Cost (BLCC) 5.3-13, Energy Conservation Investment Program 
(ECIP) Report is consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, 
Part 436, Subpart A. 

The LCC calculations are based on the FEMP discount rates and energy price escalation rates 
updated on 01 April 2013. 

Location: Washington Discount Rate: 3% 

Project Title: Seattle, WA Typical DCV Analyst: A. Woody 

Base Date: 01 April 2013 Preparation Date: Thu Jan 02 17:45:35 EST 2014 

BOD: 01 October 2013 Economic Life: 10 years 0 months 

1. Investment 

Construction Cost $41,150 

SIOH $2,346 

Design Cost $0 

Total Cost $43,496 

Salvage Value of Existing Equipment $0 

Public Utility Company $0 

Total Investment $43,496 

2. Energy and Water Savings (+) or Cost (-) 

Base Date Savings, unit costs, & discounted savings 

Item Unit Cost Usage Savings Annual Savings Discount Factor Discounted Savings 

Electricity $25.70234 162.4 MBtu $4,173 8.569 $35,760 

Natural Gas $6.02028 1,128.5 MBtu $6,794 10.693 $72,645 

Energy Subtotal  1,290.9 MBtu $10,967  $108,405 

Water Subtotal  0.0 Mgal $0  $0 

Total   $10,967  $108,405 

3. Non-Energy Savings (+) or Cost (-) 

Item Savings/Cost Occurrence Discount Factor Discounted Savings/Cost 

Annually Recurring -$600 Annual 8.536 -$5,121 

Non-Annually Recurring     

Non-Annually Recurring Subtotal $0   $0 

Total -$600   -$5,121 
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4. First year savings $10,367 

 5. Simple Payback Period (in years) 4.20 (total investment/first-year savings) 

6. Total Discounted Operational Savings $103,283  

7. Savings to Investment Ratio (SIR) 2.37 (total discounted operational savings/total investment) 

8. Adjusted Internal Rate of Return (AIRR) 12.31% (1+d)*SIR^(1/n)-1; d=discount rate, n=years in study period 

H.1.2.10  5A – Chicago, IL – NIST BLCC 5.3-13: ECIP Repor t 

This NIST Building Life Cycle Cost (BLCC) 5.3-13, Energy Conservation Investment Program 
(ECIP) Report is consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, 
Part 436, Subpart A. 

The LCC calculations are based on the FEMP discount rates and energy price escalation rates 
updated on 01 April 2013. 

Location: Illinois Discount Rate: 3% 

Project Title: Chicago, IL Typical DCV Analyst: A. Woody 

Base Date: 01 April 2013 Preparation Date: Thu 02 Jan 17:42:48 EST 2014 

BOD: 01 October 2013 Economic Life: 10 years 0 months 

1. Investment 

Construction Cost $41,150 

SIOH $2,346 

Design Cost $0 

Total Cost $43,496 

Salvage Value of Existing Equipment $0 

Public Utility Company $0 

Total Investment $43,496 

2. Energy and Water Savings (+) or Cost (-) 

Base Date Savings, unit costs, & discounted savings 

Item Unit Cost Usage Savings Annual Savings Discount Factor Discounted Savings 

Electricity $25.70234 162.4 MBtu $4,173 8.569 $35,760 

Natural Gas $6.02028 1,340.3 MBtu $8,069 10.693 $86,279 

Energy Subtotal  1,502.7 MBtu $12,242  $122,039 

Water Subtotal  0.0 Mgal $0  $0 

Total   $12,242  $122,039 

3. Non-Energy Savings (+) or Cost (-) 
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Item Savings/Cost Occurrence Discount Factor Discounted Savings/Cost 

Annually Recurring -$600 Annual 8.536 -$5,121 

Non-Annually Recurring     

Non-Annually Recurring Subtotal $0   $0 

Total -$600   -$5,121 

 

4. First year savings $11,642 

 5. Simple Payback Period (in years) 3.74 (total investment/first-year savings) 

6. Total Discounted Operational Savings $116,918  

7. Savings to Investment Ratio (SIR) 2.69 (total discounted operational savings/total investment) 

8. Adjusted Internal Rate of Return (AIRR) 13.71% (1+d)*SIR^(1/n)-1; d=discount rate, n=years in study period 

 

H.1.2.11  5B – Colorado Spr ings, CO – NIST BLCC 5.3-13: ECIP Repor t  

This NIST Building Life Cycle Cost (BLCC) 5.3-13, Energy Conservation Investment Program 
(ECIP) Report is consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, 
Part 436, Subpart A. 

The LCC calculations are based on the FEMP discount rates and energy price escalation rates 
updated on 01 April 2013. 

Location: Colorado Discount Rate: 3% 

Project Title: Colorado Springs, CO Typical DCV Analyst: A. Woody 

Base Date: 01 April 2013 Preparation Date: Thu 02 Jan 17:42:48 EST 2014 

BOD: 01 October 2013 Economic Life: 10 years 0 months 

1. Investment 

Construction Cost $41,150  

SIOH $2,346  

Design Cost $0  

Total Cost $43,496  

Salvage Value of Existing Equipment $0  

Public Utility Company $0  

Total Investment $43,496  

 

2. Energy and Water Savings (+) or Cost (-)  

Base Date Savings, unit costs, & discounted savings 
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Item  Unit Cost  Usage Savings  Annual Savings  Discount Factor  Discounted Savings  

Electr icity  $25.70234 162.4 MBtu  $4,173 8.569 $35,760 

Natural Gas $6.02028 1,129.0 MBtu $6,797 10.693 $72,677 

Energy Subtotal 
 

1,291.4 MBtu $10,970 

 

$108,437 

Water Subtotal 
 

0.0 Mgal $0 

 

$0 

Total  
  

$10,970  

 

$108,437 

 

3. Non-Energy Savings (+) or Cost (-) 

Item  Savings/Cost  Occurrence  Discount Factor  Discounted Savings/Cost  

Annually Recurring  -$600 Annual  9.483 -$5,690 

Non-Annually Recurring      

Non-Annually Recurring Subtotal  $0    $0  

Total  -$600   -$5,690 

 

4. First year savings  $10,370  

 5. Simple Payback Period (in years)  4.19 (total investment/first-year savings)  

6. Total Discounted Operational Savings  $102,747  

 7. Savings to Investment Ratio (SIR)  2.36 (total discounted operational savings/total investment)  

8. Adjusted Internal Rate of Return (AIRR)  12.25% (1+d)*SIR^(1/n)-1; d=discount rate, n=years in study period  

 

H.1.2.12  6A – Bur lington, VT – NIST BLCC 5.3-13: ECIP Repor t 

This NIST Building Life Cycle Cost (BLCC) 5.3-13, Energy Conservation Investment Program 
(ECIP) Report is consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, 
Part 436, Subpart A. 

The LCC calculations are based on the FEMP discount rates and energy price escalation rates 
updated on 01 April 2013. 

Location: Vermont Discount Rate: 3% 

Project Title: Burlington, VT Typical DCV Analyst: A. Woody 

Base Date: 01 April 2013 Preparation Date: Thu 02 Jan 17:47:59 EST 2014 

BOD: 01 October 2013 Economic Life: 10 years 0 months 
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1. Investment 

Construction Cost $41,150 

SIOH $2,346 

Design Cost $0 

Total Cost $43,496 

Salvage Value of Existing Equipment $0 

Public Utility Company $0 

Total Investment $43,496 

2. Energy and Water Savings (+) or Cost (-) 

Base Date Savings, unit costs, & discounted savings 

Item Unit Cost Usage Savings Annual Savings Discount Factor Discounted Savings 

Electricity $25.70234 162.4 MBtu $4,173 8.569 $35,760 

Natural Gas $6.02028 1,618.7 MBtu $9,745 10.693 $104,201 

Energy Subtotal  1,781.1 MBtu $13,918  $139,960 

Water Subtotal  0.0 Mgal $0  $0 

Total   $13,918  $139,960 

3. Non-Energy Savings (+) or Cost (-) 

Item Savings/Cost Occurrence Discount Factor Discounted Savings/Cost 

Annually Recurring -$600 Annual 8.536 -$5,121 

Non-Annually Recurring     

Non-Annually Recurring Subtotal $0   $0 

Total -$600   -$5,121 

 

4. First year savings $13,318 

 5. Simple Payback Period (in years) 3.27 (total investment/first-year savings) 

6. Total Discounted Operational Savings $134,839  

7. Savings to Investment Ratio (SIR) 3.10 (total discounted operational savings/total investment) 

8. Adjusted Internal Rate of Return (AIRR) 15.34% (1+d)*SIR^(1/n)-1; d=discount rate, n=years in study period 

H.1.2.13  6B – Helena, MT – NIST BLCC 5.3-13: ECIP Repor t 

This NIST Building Life Cycle Cost (BLCC) 5.3-13, Energy Conservation Investment Program 
(ECIP) Report is consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, 
Part 436, Subpart A. 

The LCC calculations are based on the FEMP discount rates and energy price escalation rates 
updated on 01 April 2013. 



 

ESTCP Final Report Guidance: 
Energy and Water Projects 270 April 2014 

Location: Montana Discount Rate: 3% 

Project Title: Helena, MT Typical DCV Analyst: A. Woody 

Base Date: 01 April 2013 Preparation Date: Thu Jan 02 17:50:14 EST 2014 

BOD: 01 October 2013 Economic Life: 10 years 0 months 

1. Investment 

Construction Cost $41,150 

SIOH $2,346 

Design Cost $0 

Total Cost $43,496 

Salvage Value of Existing Equipment $0 

Public Utility Company $0 

Total Investment $43,496 

2. Energy and Water Savings (+) or Cost (-) 

Base Date Savings, unit costs, & discounted savings 

Item Unit Cost Usage Savings Annual Savings Discount Factor Discounted Savings 

Electricity $25.70234 162.4 MBtu $4,173 8.569 $35,760 

Natural Gas $6.02028 1,453.8 MBtu $8,752 10.693 $93,586 

Energy Subtotal  1,616.2 MBtu $12,926  $129,345 

Water Subtotal  0.0 Mgal $0  $0 

Total   $12,926  $129,345 

3. Non-Energy Savings (+) or Cost (-) 

Item Savings/Cost Occurrence Discount Factor Discounted Savings/Cost 

Annually Recurring -$600 Annual 8.536 -$5,121 

Non-Annually Recurring     

Non-Annually Recurring Subtotal $0   $0 

Total -$600   -$5,121 
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4. First year savings $12,326 

 5. Simple Payback Period (in years) 3.53 (total investment/first-year savings) 

6. Total Discounted Operational Savings $124,224  

7. Savings to Investment Ratio (SIR) 2.86 (total discounted operational savings/total investment) 

8. Adjusted Internal Rate of Return 
(AIRR) 

14.40% (1+d)*SIR^(1/n)-1; d=discount rate, n=years in study period 

H.1.2.14  7A – Duluth, MN – NIST BLCC 5.3-13: ECIP Repor t 

This NIST Building Life Cycle Cost (BLCC) 5.3-13, Energy Conservation Investment Program 
(ECIP) Report is consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, 
Part 436, Subpart A. 

The LCC calculations are based on the FEMP discount rates and energy price escalation rates 
updated on 01 April 2013. 

Location: Minnesota Discount Rate: 3% 

Project Title: Duluth, MN Typical DCV Analyst: A. Woody 

Base Date: 01 April 2013 Preparation Date: Thu 02 Jan 17:53:04 EST 2014 

BOD: 01 October 2013 Economic Life: 10 years 0 months 

1. Investment 

Construction Cost $41,150 

SIOH $2,346 

Design Cost $0 

Total Cost $43,496 

Salvage Value of Existing Equipment $0 

Public Utility Company $0 

Total Investment $43,496 

2. Energy and Water Savings (+) or Cost (-) 

Base Date Savings, unit costs, & discounted savings 

Item Unit Cost Usage Savings Annual Savings Discount Factor Discounted Savings 

Electricity $25.70234 162.4 MBtu $4,173 8.569 $35,760 

Natural Gas $6.02028 1,996.4 MBtu $12,019 10.693 $128,514 

Energy Subtotal  2,158.8 MBtu $16,192  $164,274 

Water Subtotal  0.0 Mgal $0  $0 

Total   $16,192  $164,274 

3. Non-Energy Savings (+) or Cost (-) 
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Item Savings/Cost Occurrence Discount Factor Discounted Savings/Cost 

Annually Recurring -$600 Annual 8.536 -$5,121 

Non-Annually Recurring     

Non-Annually Recurring Subtotal $0   $0 

Total -$600   -$5,121 

 

4. First year savings $15,592 

 5. Simple Payback Period (in years) 2.79 (total investment/first-year savings) 

6. Total Discounted Operational Savings $159,153  

7. Savings to Investment Ratio (SIR) 3.66 (total discounted operational savings/total investment) 

8. Adjusted Internal Rate of Return (AIRR) 17.27% (1+d)*SIR^(1/n)-1; d=discount rate, n=years in study period 

H.1.2.15  8A – Fairbanks, AK – NIST BLCC 5.3-13: ECIP Repor t 

This NIST Building Life Cycle Cost (BLCC) 5.3-13, Energy Conservation Investment Program 
(ECIP) Report is consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, 
Part 436, Subpart A. 

The LCC calculations are based on the FEMP discount rates and energy price escalation rates 
updated on 01 April 2013. 

Location: Alaska Discount Rate: 3% 

Project Title: Fairbanks, AK Typical DCV Analyst: A. Woody 

Base Date: 01 April 2013 Preparation Date: Thu Jan 02 17:55:16 EST 2014 

BOD: 01 October 2013 Economic Life: 10 years 0 months 

1. Investment 

Construction Cost $41,150 

SIOH $2,346 

Design Cost $0 

Total Cost $43,496 

Salvage Value of Existing Equipment $0 

Public Utility Company $0 

Total Investment $43,496 

2. Energy and Water Savings (+) or Cost (-) 

Base Date Savings, unit costs, & discounted savings 
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Item Unit Cost Usage Savings Annual Savings Discount Factor Discounted Savings 

Electricity $25.70234 162.4 MBtu $4,173 8.569 $35,760 

Natural Gas $6.02028 2,878.2 MBtu $17,328 10.693 $185,279 

Energy Subtotal  3,040.6 MBtu $21,501  $221,038 

Water Subtotal  0.0 Mgal $0  $0 

Total   $21,501  $221,038 

 

3. Non-Energy Savings (+) or Cost (-) 

Item Savings/Cost Occurrence Discount Factor Discounted Savings/Cost 

Annually Recurring -$600 Annual 8.536 -$5,121 

Non-Annually Recurring     

Non-Annually Recurring Subtotal $0   $0 

Total -$600   -$5,121 

 

4. First year savings $20,901 

 5. Simple Payback Period (in years) 2.08 (total investment/first-year savings) 

6. Total Discounted Operational Savings $215,917  

7. Savings to Investment Ratio (SIR) 4.96 (total discounted operational savings/total investment) 

8. Adjusted Internal Rate of Return (AIRR) 20.91% (1+d)*SIR^(1/n)-1; d=discount rate, n=years in study period 

H.1.3 Air  Flow Analysis 

H.1.3.1  5000 CFM 1-26 – NIST BLCC 5.3-13: ECIP Repor t 

This NIST Building Life Cycle Cost (BLCC) 5.3-13, Energy Conservation Investment Program 
(ECIP) Report is consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, 
Part 436, Subpart A. 

The LCC calculations are based on the FEMP discount rates and energy price escalation rates 
updated on 01 April 2013. 

Location: Colorado Discount Rate: 3% 

Project Title: 5000 CFM Typical DCV – USAFA, CO Analyst: A. Woody 

Base Date: 01 April 2013 Preparation Date: Wed Apr 09 11:57:08 EDT 2014 

BOD: 01 October 2013 Economic Life: 10 years 0 months 
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1. Investment 

Construction Cost $20,750 

SIOH $1,183 

Design Cost $0 

Total Cost $21,933 

Salvage Value of Existing Equipment $0 

Public Utility Company $0 

Total Investment $21,933 

2. Energy and Water Savings (+) or Cost (-) 

Base Date Savings, unit costs, & discounted savings 

Item Unit Cost Usage Savings Annual Savings Discount Factor Discounted Savings 

Electricity $25.70234  41.4 MBtu  $1,064  8.569  $9,116  

Natural Gas $6.02028  352.8 MBtu  $2,124  10.693  $22,711  

Energy Subtotal  394.2 MBtu  $3,188   $31,827  

Water Subtotal  0.0 Mgal  $0   $0  

Total   $3,188  $31,827 

3. Non-Energy Savings (+) or Cost (-) 

Item Savings/Cost Occurrence Discount Factor Discounted Savings/Cost 

Annually Recurring -$200 Annual 8.536 -$1,707 

Non-Annually Recurring     

Non-Annually Recurring Subtotal $0   $0 

Total -$200   -$1,707 

 

4. First year savings $2,988 

 5. Simple Payback Period (in years) 7.34 (total investment/first-year savings) 

6. Total Discounted Operational Savings $30,120  

7. Savings to Investment Ratio (SIR) 1.37 (total discounted operational savings/total investment) 

8. Adjusted Internal Rate of Return (AIRR) 6.32% (1+d)*SIR^(1/n)-1; d=discount rate, n=years in study period 

H.1.3.2  10000 CFM 1-26 – NIST BLCC 5.3-13: ECIP Repor t 

This NIST Building Life Cycle Cost (BLCC) 5.3-13, Energy Conservation Investment Program 
(ECIP) Report is consistent with Federal Life Cycle Cost Methodology and Procedures, 10 CFR, 
Part 436, Subpart A. 

The LCC calculations are based on the FEMP discount rates and energy price escalation rates 
updated on 01 April 2013. 



 

ESTCP Final Report Guidance: 
Energy and Water Projects 275 April 2014 

Location: Colorado Discount Rate: 3% 

Project Title: 10000 CFM Typical DCV – USAFA, CO Analyst: A. Woody 

Base Date: 01 April 2013 Preparation Date: Thu Apr 10 16:02:48 EDT 2014 

BOD: 01 October 2013 Economic Life: 10 years 0 months 

1. Investment 

Construction Cost $32,350 

SIOH $1,844 

Design Cost $0 

Total Cost $34,194 

Salvage Value of Existing Equipment $0 

Public Utility Company $0 

Total Investment $34,194 

2. Energy and Water Savings (+) or Cost (-) 

Base Date Savings, unit costs, & discounted savings 

Item Unit Cost Usage Savings Annual Savings Discount Factor Discounted Savings 

Electricity $25.70234 82.8 MBtu $2,128 8.569 $18,232 

Natural Gas $6.02028 705.6 MBtu $4,248 10.693 $45,422 

Energy Subtotal  788.4 MBtu $6,376  $63,654 

Water Subtotal  0.0 Mgal $0  $0 

Total   $6,376  $63,654 

3. Non-Energy Savings (+) or Cost (-) 

Item Savings/Cost Occurrence Discount Factor Discounted Savings/Cost 

Annually Recurring -$400 Annual 8.536 -$3,414 

Non-Annually Recurring     

Non-Annually Recurring Subtotal $0   $0 

Total -$400   -$3,414 

 

4. First year savings $5,976 

 5. Simple Payback Period (in years) 5.72 (total investment/first-year savings) 

6. Total Discounted Operational Savings $60,239  

7. Savings to Investment Ratio (SIR) 1.76 (total discounted operational savings/total investment) 

8. Adjusted Internal Rate of Return (AIRR) 9.00% (1+d)*SIR^(1/n)-1; d=discount rate, n=years in study period 
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Appendix I: Sample Instrumentation Plan 

The following section is the original instrumentation plan for Fort Lee. Two additional 
datalogger types were added due distances between MAUs and to accommodate outdoor loca-
tions. The instrumentation was moved sequentially from Fort Lee, to Ellsworth AFB, and to Fort 
Carson and USAFA. 

I.1 Hardware 

Watt transducers (see Figure I-1) will be used for electrical power measurements. Thermistor-
type temperature sensors will be used for temperature measurements. One datalogger (Figure I-
2) will be installed at the electrical panel to record the watt transducer measurements and one 
datalogger (Figure I-3) will be installed in the kitchen near the exhaust hoods to obtain readings 
on temperature and percent speed of the VFDs from the Melink controller and one or two sepa-
rate temperature measurements for the kitchen space. 

I.2 Trend Data 

Both buildings at Fort Lee have energy management control systems (EMCSs) that will allow 
selected data points to be trended (Tables I-1 and I-2). 

Table I-1.  Instrumentation for Bldg. 3002 
Data Point Recording Device Sensor  Location 

EF-7 Power (kW, kWh) Onset Hobo Energy logger #1 CCC WattNode 208 D Electrical Room 

EF-8 Power (kW, kWh) Onset Hobo Energy logger #1 CCC WattNode 208 D Electrical Room 

MAU-1 Power (kW, kWh) Onset Hobo Energy logger #1 CCC WattNode 208 Y Electrical Room 

MAU-2 Power (kW, kWh) Onset Hobo Energy logger #1 CCC WattNode 208 Y Electrical Room 

VFD % speed for EF-1 Onset Hobo Energy logger #2 0-10 V analog signal from Melink Controller At Exhaust Hood 1 or 2 

VFD % speed for EF-2 Onset Hobo Energy logger #2 0-10 V analog signal from Melink Controller At Exhaust Hood 1 or 2 

VFD % speed for MAU-1 Onset Hobo Energy logger #2 0-10 V analog signal from Melink Controller At Exhaust Hood 1 or 2 

VFD % speed for MAU-2 Onset Hobo Energy logger #2 0-10 V analog signal from Melink Controller At Exhaust Hood 1 or 2 

MAU-1 DAT & RH Onset Hobo Energy logger #2 Onset 12-bit Temp/RH Smart Sensor At Exhaust Hood 1 or 2 

MAU-2 DAT & RH Onset Hobo Energy logger #2 Onset 12-bit Temp/RH Smart Sensor At Exhaust Hood 1 or 2 

Kitchen Space Temperature Honeywell Trend Log Thermistor In Kitchen Space 

MAU-1 DAT  Honeywell Trend Log Thermistor In MAU-1 

MAU-2 DAT  Honeywell Trend Log Thermistor In MAU-2 

OAT Honeywell Trend Log Thermistor Outside on Roof?? 

OA RH Honeywell Trend Log RH sensor Outside on Roof?? 

Table I-2.  Instrumentation for Bldg. 18028. 

Data Point Recording Device Sensor  Location 
EF-1 Power (kW, kWh) Onset Hobo Pulse logger 

#1 
CCC WattNode 480 D Electrical Room 

EF-2 Power (kW, kWh) Onset Hobo Pulse logger 
#1 

CCC WattNode 480 D Electrical Room 
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Data Point Recording Device Sensor  Location 
MAU-1 Power (kW, 
kWh) 

Onset Hobo Pulse logger 
#1 

CCC WattNode 480 Y Electrical Room 

MAU-2 Power (kW, 
kWh) 

Onset Hobo Pulse logger 
#1 

CCC WattNode 480 Y Electrical Room 

VFD % speed for EF-1 Onset Hobo Energy 
logger #2 

0-10 V analog signal 
from Melink 
Controller 

At Exhaust Hood 1 
or 2 

VFD % speed for EF-2 Onset Hobo Energy 
logger #2 

0-10 V analog signal 
from Melink 
Controller 

At Exhaust Hood 1 
or 2 

VFD % speed for 
MAU-1 

Onset Hobo Energy 
logger #2 

0-10 V analog signal 
from Melink 
Controller 

At Exhaust Hood 1 
or 2 

VFD % speed for 
MAU-2 

Onset Hobo Energy 
logger #2 

0-10 V analog signal 
from Melink 
Controller 

At Exhaust Hood 1 
or 2 

MAU-1 DAT & RH Onset Hobo Energy 
logger #2 

Onset 12-bit 
Temp/RH Smart 
Sensor 

At Exhaust Hood 1 
or 2 

MAU-2 DAT & RH Onset Hobo Energy 
logger #2 

Onset 12-bit 
Temp/RH Smart 
Sensor 

At Exhaust Hood 1 
or 2 

Kitchen Space 
Temperature 

JCI Metasys Trend Log Thermistor In Kitchen Space 

MAU-1 DAT  JCI Metasys Trend Log Thermistor In MAU-1 
MAU-2 DAT  JCI Metasys Trend Log Thermistor In MAU-2 
OAT JCI Metasys Trend Log Thermistor Outside on Roof 
OA RH JCI Metasys Trend Log RH sensor Outside on Roof 
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Figure I-1.  WattNode Watt Transducer . 

 

Figure I-2.  Pulse Datalogger  for  use with WattNode. 
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Figure I-3.  Datalogger  for  Temperature, RH, VFD Speed. 
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Appendix J : Melink Intelli-Hood Product Specifications 

Provided below are the product specifications for the third generation of Melink’s Intelli-Hood. 

Melink Corporation released its Next Generation Controls on August 1st 2013. The Key addi-
tions to the system can be seen below. The system offers the same great energy savings with 
added communication, scalability, and user interface features. 

Key Upgrades to Intelli-Hood - Next Generation Controls 

• Communication 
o Interface to Building Automation/BACnet Systems 
o Adds a wide variety of VFD Manufacturers 
o Provides for Remote Servicing & Data Logging 

• System Capabilities 
o Flexible & Scalable, more peripherals per System Controller 
o Remote Firmware Upgrades 

• Usability 
o Enhanced User Interface, simple yet flexible 
o Simplified Configuration 
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J .1 Intelli-Hood Specifications: 

 

 

J .2 Intelli-Hood Overview: 
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