ENERGY EFFICIENT
VENTILATION SYSTEMS FOR
DINING HALLS AND KITCHENS

Andrey Livchak, Ph.D.
Director of R&D, HALTON Co., USA

Slide 1 9/21/2009 Chicago, Jan. 2006



Slide 2 9/21/2009

Facts

e More than 434 thousand
restaurants in the US employ
12 million people throughout a
year and contribute 506
trillion Btu (5.34:1017 J) to
annual energy consumption.

National Restaurant Association, 2004/2005 Restaurant Industry Operations

Report
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Facts

Restaurants operate in a very competitive
environment with profit margins of 5% and
less.

Only one out of five newly opened
restaurants survives for five years or longer.

Restaurant operators scramble to reduce
capital investment to open a store.

In spite of the fact that ventilation equipment
IS responsible for a significant portion of
restaurant operating costs, it is given the last
priority in the capital investment budget.

Chicago, Jan. 2006



Kitchens are usually hot, why?

Kitchen hoods not
capturing convective
heat from appliances

Untempered (hot In
summer) make-up
air

Undersized air
conditioning system

Radiant heat from

hot appliances

— With all other sources under
control this should affect
only personnel in the
vicinity of the appliances

¥ 1 Hood
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—
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Thermal Comfort & Productivity
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Presenter
Presentation Notes
Studies by Wyon in 1996 – if temperature is 10°F above comfort level productivity may increase as much as 30%


Productivity of kitchen personnel &
Profitability

Productivity of kitchen 66%

personnel increased by 25%

66%

8%

66%

30% 4%

O Profit MW Labor costs O Other expences

Productivity of kitchen 0%

personnel dropped by 25%

Based on data from National Restaurant Association, 2003 and assuming
kitchen personnel accounts for 50% of the labor costs for the whole restaurant.
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Presentation Notes
Data from National Restaurant Association, 2003
Data for an average full service restaurant (as % of sales).
Labor costs 33 %
Profit before taxes 4%
Productivity increase of kitchen personal of



The effect of untempered
make-up on kitchen temperature



Presenter
Presentation Notes
Outside air temperature 98F


Slide 8 9/21/2009

Kitchen hoods

e Kitchen hoods (exhaust
airflow) have the highest
Impact on restaurant HVAC
system energy consumption.

Chicago, Jan. 2006



-
Annual energy consumption and CO2
emissions

per 100 cfm increase of hood exhaust airflow

City, State Electricity, kWh | Gas, MIn Btu | CO, emissions, Ibs
Atlanta, GA 373 ix7 - 713
Chicago, IL 165 5.6 852
Las Vegas, NV 381 0.6 656
Los Angeles, CA 19 0 15
Miami, FL 1365 0 1897
Minneapolis, MN 158 8.2 1201
New York, NY 162 3.8 588
San Francisco, CA 18 0.3 49

Calculation background: Restaurant operates from 7:00 AM to 11:00 PM seven days a week. Electricity consumption is calculated based
on energy required to operate supply and exhaust fans to move additional 100 cfm of air and energy consumption by compressor of
refrigeration system to cool outside air in summer down to kitchen indoor air conditions (76°F, 50% relative humidity). Calculation of gas
consumption is based on amount of gas required to heat the make-up air in winter to 50°F. Carbon dioxide emissions to the atmosphere
are calculated based on gas consumption as well as electricity consumption, using emission factor (CO2 emissions per unit of electricity
produced) for corresponding city.
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Presentation Notes
If we were to identify the single component that most affects the energy consumption in a restaurant ventilation system, that would be kitchen hoods. Indeed, the higher the hood exhaust airflow, the higher the electricity consumption by exhaust and supply fan motors as well as the energy required to cool or heat the make-up air. Let’s calculate the consequences of increasing hood exhaust airflow by 100 cfm for a typical restaurant operating from 7:00 AM to 11:00 PM seven days a week. Calculation results are presented in Table 1 for seven cities in the US representative of different climate conditions. Electricity consumption is calculated based on energy required to operate supply and exhaust fans to move additional 100 cfm of air and energy consumption by compressor of refrigeration system to cool outside air in summer down to kitchen indoor air conditions (76°F, 50% relative humidity). Calculation of gas consumption is based on amount of gas required to heat the make-up air in winter to 50°F. Carbon dioxide emissions to the atmosphere are calculated based on gas consumption as well as electricity consumption, using emission factor (CO2 emissions per unit of electricity produced) for corresponding city.


How to reduce hood exhaust
alrflow

e Position cooking appliances close
to the walls, avoid island
iInstallations when possible

e Enclose appliances with the walls
e Avold cross-drafts in kitchen space

e Use low velocity air distribution

— Displacement ventilation allows reducing
hood exhaust airflow by 15%

e Use high efficiency, close
proximity hoods
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Appliance position

1800

1600

1400

Ay
8]
o
o

=
o
o
o

800

Annual energy costs, $

600

400

200

A B Cc

System configuration

A — appliances in the corner with canopy wall hood; B — appliances at
the wall with canopy wall hood; C — appliances in the middle of the
space with canopy island hood; D — appliances at the wall with close
proximity back-shelf hood.
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Presentation Notes
The assumptions are that the restaurant operates from 7:00 am to 11:00 pm 7 days a week , the restaurant is located in Chicago, Illinois. The energy costs for this analysis assume 8 cents per kWh of electricity and 1 dollar per Therm for natural gas.


High efficiency hoods

. T
- R,

Capture-Jet ONE®
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Presentation Notes
The difference in exhaust airflow with and without Capture Jet is 40%


Mixing ventilation, CFD

simulation
Halton, Center of Excellence.

Kitchen Mixing Ventilation
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Presentation Notes
This computer model shows the effects of a mixing system.
Mixed air supply registers direct high velocity air at ceiling level. This incoming air is “mixed” with room air to satisfy the room set point. Theoretically there should be a uniform temperature from floor to ceiling. Since commercial kitchens have a high concentration of heat, stratification does occur. The conditioned air does lose some of its cooling effect, gaining in temperature as it mixes with the warmer air at the ceiling. 

Hood systems designed without the benefit of the heat load design method tend to spill convective heat, adding to the load already in the space. 

This spilling of heat can contain respirable grease vapors and other effluent that are mixed with the supply air in the space. 
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Displacement ventilation, CFD
simulation

Halton, Center of Excellence.
Kitchen Displacement Ventilation
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Presentation Notes
Thermal displacement ventilation is based on natural air movement, namely as air warms, it will rise. This has exciting implication for delivering fresh, clean, conditioned air to occupants in commercial kitchens.

By allowing low velocity air to be introduced directly into the “occupied zone”, from specially designed displacement diffusers for commercial kitchen use, the conditioned air can be delivered where it can do the most good. 

Instead of working against the natural stratification in a kitchen, displacement ventilation first conditions the occupied zone and as it gains heat will continue to stratify toward the upper unoccupied zone where it can be exhausted.

Both systems have the same energy consumption. DV provides from 5 to 10°F lower temperature in the occupied zone.

Typically, returns would be strategically placed in the occupied zone so the air conditioning unit would not see higher temperatures than it would ordinarily see with a mixing system.The amount of exhaust air is typically matched with the minimum outdoor setting for the air conditioning units.

Since displacement can cool the space using higher supply temperatures (up to 65° F, the use of an economizer is an option. 

Next we are able to see what effect displacement ventilation has on the temperatures in the space. Looking from the same orientation as the velocity vector shot, observe the temperatures in the occupied zone as well as the unoccupied zone.

Temperatures stratify more quickly in a kitchen due to the high internal heat loads, but the occupied zone is maintained at 80° F, while the temperature at the ceiling ( 9’high) is near 130° F. For purposes of this model a general exhaust fan was not put in. In practice a general exhaust fan would be designed in to the system to remove this load. 

By only cooling the occupied zone, cooling capacity can be reduced by as much as 20% and provide better indoor air quality, thermal comfort and lower operating costs. 





Total building approach

e Optimize amount of outside air for the
whole building rather than separately for
dining room and kitchen

— At full occupancy increase amount of OSA to the
dining room and maximize transfer air to the
kitchen

e Use demand control ventilation
— Hood exhaust airflow as function of appliance status
— Dining room ventilation as function of occupancy

e Use a dedicated outside AHU when
possible
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Typical restaurant design
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Presentation Notes
A typical stand-alone restaurant contains two major areas: dining, called “front of the house” in professional terminology, and kitchen – “back of the house”. When designing an HVAC system, mechanical engineer usually treats these two areas separately with dedicated roof-top packaged equipment (RTU) assigned to serve individually dining area and kitchen. In an effort to save costs mass-produced standard RTUs are used. These RTUs are designed primarily for office environment and account for maximum of 25% of outside air and 74°F return temperature. While they can be used in dining area, these RTUs are less than adequate for kitchen environment where return air temperature can reach up to 90°F and demand for outside air can be up to 100% of the unit capacity on supply airflow. As a result, kitchen ends up with one standard RTU (25% of outside air) and a dedicated make-up air unit MAU sized to compensate for kitchen hoods exhaust. In most of the cases MAU is equipped with a heating coil only and delivers untempered make-up air in kitchen space during summer. Summer months are hot and humid for the major part of the US and untempered air delivered to kitchen space can elevate its temperature by more than 10°F. As we concluded in previous publication (Livchak at all, 2005) the outside (make-up) air supplied into kitchen space to compensate for hood exhaust would have to be cooled in summer and heated to have no adverse affect on kitchen space temperature.


Recommendations

= When the outside temperature is more than 10°F
above the kitchen design temperature, make-up air
has to be cooled to ensure it does not compromise
thermal comfort

e Minimize hoods exhaust airflow

— Position cooking appliances close to the walls, avoid island
installations when possible

— Enclose appliances with the walls
— Avoid cross-drafts in kitchen space
— Use high efficiency, close proximity hoods
e Switching from mixing ventilation to TDV helps
reducing hood exhaust airflow and allows up to a 10°F

drop in kitchen space temperature with no additional
energy costs

e Utilize whole building approach and demand control
when designing HVAC system
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