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ABSTRACT

Puget Sound Energy (PSE) is a utility which serves more than one million electric
customers and over 700,000 natural gas customers in Washington State. PSE offers grant
programs to assist customers to improve both electric and natural gas energy efficiency.
Recently, the utility is looking into all directions to find opportunities to meet the aggressive
goals in gas savings. One of the areas in focus is heating system for industrial facilities, an
overlooked opportunity until recently. For industrial facilities in PSE service territory, heating is
commonly provided by forced air unit heaters. A cost effective measure is to replace forced air
unit heaters with infrared heaters. Infrared heating is nothing new but properly applying it to
effectively and efficiently heat the industrial facilities requires careful engineering design and
equipment selection. While energy savings are important for energy efficiency projects,
accurately predicting energy saving is very difficult due to too many variables. On the
operational side, infrared heating is different from forced air heating in the way of temperature
setting and temperature setback. Through participating in the grant program, customers have
implemented many infrared heating projects in auto service garages and industrial plants. The
results of the projects are mixed in term of providing comfort environment in an efficient way.
This paper will present several cases in that some are successful projects and others are not. The
data that were collected from projects on the temperature measurement, the comfort conditions,
and the energy usage will be included. The lessons learned will be discussed.

Introduction

Industrial plants are traditionally heated by either hot water or steam unit ventilators.
When gas is readily available, gas fired unit heaters are used in place of the hot water or steam
unit heaters. The way the unit heaters work is to supply hot air of 120 to 180" F to the spaces.
The air will then heat the space to the desired temperature for occupant comfort and process
requirement in some cases. Most of the industrial plants have ceilings as high as 15 feet and up
to 40 or 50 feet as in hangars. The heat will rise to the ceiling due to stratification. There are a
lot of design attempts to lessen the problem by forcing air circulation either by adding ceiling
fans or by introducing air at high velocity from top toward to the floor. Temperature spot
checking and data logging indicate the vertical temperature variation is significant. The average
temperature in the spaces is much higher than the temperature at the occupant level. This
increases the overall heat loss that results in higher heating energy consumption.

The alternative way to heat the industrial plants is to use gas fired infrared (IR) heaters.
Infrared heaters are not suited for all cases due to potential hazardous situations. ASHRAE
Applications Handbook (ASHRAE, 2003) provides a good list of the factors that should be
considered before considering infrared heating. Due to high temperature, IR heaters must not be
placed where they could ignite flammable dust or vapors or decompose vapors into toxic gases.
IR Heaters must be located with recommended clearances to ensure proper heat distribution.
Stored materials must be kept far enough from heaters to avoid hot spots. The good application
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of IR heaters would be in areas that have high a ceiling. This paper will present some case
studies to demonstrate the proper application of IR heating with emphasis on energy efficiency
improvement.

Overview of Infrared Heating

There are various types of gas fired IR heaters. This paper is based on experience with
low intensity heaters. Figure 1 is a typical heater used in industrial applications. The major parts
of the heaters are: burner, fan/vacuum pump, emitter, and reflector. The way IR heater works is
very similar to lighting. The IR heating energy is transmitted from the emitter to the objects in
all directions. The reflector is to focus the energy to the floor below. The comfort condition is
created by direct radiation from the heater, re-radiation from floor or machinery on the floor that
absorbs energy, and convection from higher temperature surrounding air to occupants. Ideally,
we would like to have 100% of heat transfer in the form of radiant energy but most of the heaters
have a ratio of about 35 to 55% of radiant energy to input energy according to ASHRAE
(ASHRAE, 2004). Some of the energy is wasted through exhaust of combustion and the other
energy is transferred to the surrounding air through convection. As comparing to gas fired
forced air heaters, about 80% of the energy is transferred to air through convection.

For most of the heating needs, the goal is to maintain a comfortable working environment
on the worker level. In IR heating, the space temperature can be lower than in forced air heating
due to radiation from the floor and other objects in the space. Even the space temperature is
controlled to the same, the average air temperature in the space is lower. This will result in
lower heat loss. Although it is difficult to measure the effects of the temperature stratification on
the outside air infiltration, it is possible the air infiltration is higher in forced air heating than in
IR heating. To estimate the energy usage of the building, the heat loss through the envelope, the
internal heat loads, and the air changes need to be estimated properly.

Figure 1: Low Intensity Gas Fired Infrared Heater

Energy Saving Estimate

Although hourly energy simulation will provide a more accurate result, analysis using bin
weather data is an effective way to estimate heating energy. As in utility incentive programs,
energy saving is very important. To understand the difference between forced air heating vs. IR
heating, we will look at the temperature profile in the vertical spaces of the buildings. Using
data loggers placed on the internal wall of the building, we indirectly record the temperature in
the vertical spaces. Figure 2 shows the temperature variation in a forced air heated maintenance
airplane hangar. The temperature was recorded for several weeks in the winter. Outside air
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temperature is included as a reference. The data loggers were installed at 5 feet, 20 feet and 35
feet level. The ceiling height of the hangar is about 40 to 45 feet. The heaters are located at the
center of the hangar at about 30 feet from the floor pointing down and continuously rotating. We
can see from the data that the temperature varies significantly from the set point which is about
70 F. Since this is the hangar, the hangar door opening and the heaters operation have significant
effects on the temperature. The average temperature of the spaces is at least 5 degree higher than
setpoint.

Figure 2: Space Temperatures at Various Heights in a Forced Air Heated Hangar
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Figure 3 shows the temperature profiles in a hangar that has been converted into IR
heating. The location is the same and the size and shape of the hangar are very similar. The
temperature is set at about 65 F in this hangar and it is comfortable for the workers to work on
the planes. The outside air temperature is included as reference. The data logging time period is
exactly the same. Although the temperature fluctuated with the outside air temperature due to the
capacity limitation, the temperature at 5 feet and 24 feet level is almost the same as the set point
temperature. It is also important to point out that even with a 5 degree lower temperature set
point, this hangar provides comfortable working environment due to the fact that the floor
temperature is higher in the IR heated hangar. The added on benefit is that the airplane is also
heated quickly by IR heaters after it is brought in for service.
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Figure 3: Space Temperature at Various Heights in an Infrared Heated Hangar
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To estimate energy savings from using IR heating vs. forced air heating, the critical
element besides data on building envelope insulation and outside air ventilation and/or
infiltration is the average space temperature. As demonstrated in Figures 2 & 3, the average
temperature in the space can be 10 degrees difference. The temperature variation is related to the
supply air temperature in the forced air situation and the design of the air distribution. The height
of the ceiling also has effects on the vertical temperature variation. Through instant
measurement of internal wall temperatures at various levels, it seems very common for 5 degrees
increase every 10 feet vertically. So at working level of 5 feet, the temperature of 70 F will
result in 76 degree at 18 feet level. As in retrofit situation, a very simple way to check is to
measure the internal wall temperatures to figure out the temperature variation. Table 1 provides
an example of a comparison of the service garage in the forced air heating and IR heating
situation. The example is to demonstrate that the energy saving from three (3) degree difference
is significant. The heating energy is calculated for each bin hours as follows:

Q=((UA +1.08x CFM ) x ( To—Ti) - Qi x 3413 ) x Hr x % / eff /100,000

Where:  Q is heating energy in Therms. UA is the building envelope thermal
transmittance in Btu/F/hr. CFM is the outside air infiltration and ventilation rate in ft'/min. Hr
is bin hours for the temperature. To is outside air temperature for the bin hours. Ti is the
average inside temperature. Qi is the total internal thermal loads (such as lighting and motor
loads) in kW. % is the percentage of the time at Ti (such as % occupied hours or unoccupied
hours). eff is the efficiency of the heater.
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Table 1: Energy Saving Estimate Using Bin Weather Data Analysis

Energy Savings - Bin Weather Data Analysis
Project assumptions and data:
1. Occupied hr 3744 hr/yr (43%).
2. IR heating vs. forced air heaters to maintain 60 F occupied , 55 F unoccupied
3. Total 3,670 SF. Ceiling high 17 ft average
4. Uroof =0.5, Uwall =0.71, U dr = 1.15,
5. infilltration: 2.0 A/C/ hr (2080 CFM), 20% value used for unocc
6. btu/f hr  Occ Unoccu
UA= 4441 CFM= 2080 CFM= 416
7. Assume average 3 F difference in IR & Forced air heating
8. The lighting & heatsource= 11 kW
Dry | Bin Forced air
Bulb | hr IR heating heating Savings IR heating | Forced air | Savings
Therms Therms Therms Therms therms Therms
Temp | Total | (occupied) (occupied) | (occ) (unocc) (Unocc) (unocc)
87 16 - - |- - -
82 82 - - |- - -
77 139 - - |- - -
72 258 - - |- - -
67 450 - - |- - -
62 769 - - |- - -
57 | 1353 - (18.77) 18.77 - -
52 | 1436 (123.16) (278.01) 154.85 (73.28) (223.39) 150.10
47 | 1461 (387.88) (545.42) 157.55 (329.09) (481.80) 152.72
42 | 1413 (629.09) (781.45) 152.37 (564.44) (712.14) 147.70
37 915 (571.82) (670.49) 98.67 (524.92) (620.56) 95.64
32 358 (288.07) (326.67) 38.60 (267.75) (305.17) 37.42
27 51 (50.20) (55.70) 5.50 (47.03) (52.36) 5.33
22 43 (50.06) (54.69) 4.64 (47.14) (51.64) 4.49
17 15 (20.16) (21.77) 1.62 (19.06) (20.63) 1.57
12 1 (1.52) (1.63) 0.11 (1.44) (1.55) 0.10
Total (2,121.95) (2,754.62) 632.67 (1,874.14) (2,469.23) 595.09
IR
Total Heating Forced Air
Usage (therms) (3,996.09) (5,223.85)
Savings (therms) 1,227.76
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From the table, we can see the energy reduction is 23%. As we all know, the heating
energy is related to a lot of factors. The real benefit from using IR heating as regarding to energy
consumption is the overall space temperature that contributes to the heat loss. The energy usage
is also related to the temperature setting and controls in the spaces. In forced air heating, the air
temperature is much higher, so the heat loss is much higher due to air changes. The above
spreadsheet assumes air changes are the same for both IR and forced air heating. The effects are
estimated based on average temperature in the space. To reliably estimate the energy savings,
we need to add the temperature variation in the consideration on top of the traditional energy
estimates that include envelope data and internal loads. For high ceiling buildings such as in
industrial setting, the temperature stratification should be carefully evaluated. Data logging is
very useful in retrofit situation. The temperature stratification is insignificant in IR heating.
That is why the IR heating posts energy saving potentials.

Case Studies

The proper application of IR heating depends on several factors. The best application for
IR heating would be for buildings that have high ceilings and high air changes due to door
opening. The buildings fit in this category include auto service garages, airplane maintenance
hangars, warehouses in industrial plants and some manufacturing plants. We will look at four
cases here.

Auto Services Garage

Auto services garages usually have 18 to 20-foot ceilings and have a lot of over-hang
doors. Through utility’s incentive program, many successful IR heating projects have been done
in services garages. Traditionally auto services garages are heated by forced air gas unit heaters.
The temperature inside is set at 65 F or higher. Due to door opening, it is difficult to maintain
garages to a comfortable condition. The benefit of IR heating is to keep the heat on the floor and
the side benefit is to quickly heat up the cars that are brought in for service. Door opening has
less effect on the temperature of the spaces. Figure 4 shows billing data for a dealership in
Seattle area in the pre-post installation of the IR heaters. The utility billing gas meter is for the
garage only. The total usage in forced air heating is 42,000 therms/yr ($45,000 at current rate of
$1.07/therm). The saving is 7,800 therms/yr or over $8,300 in cost saving. The weather was
colder after IR heaters were installed (4655 degree days vs. 4501). The project cost was about
$40,000 that resulted in a less than 5 years simple payback. The garage is a lot more comfortable
to work in now.
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Figure 4: Gas Usage Comparison Pre- and Post Infrared Heating Retrofit in Services

Garage
300
250
g' 200 -
= O 2005-06
£ 150 -
g m 2004-05
~ 100 -
50 -
Qa B 2 Q £ Q9 5 &« > £ 3 g
§ o028 35S 2283532
Month

Maintenance Airplane Hangar

Maintenance airplane hangars are good candidates for IR heating. In a sense it is like
auto services garage except the ceiling is much higher and the scale is larger. The temperature
data showed earlier were from a couple of military airplane hangars. The case demonstrated here
is for an industrial maintenance hangar. This airplane hangar already had gas fired IR heaters,
but the layout of the heaters was poorly designed. The type of emitters on the heaters was just
like the sheet metal used in the HVAC ducts. The emitter was a single pass type and very long.
Single pass emitters have the burner on one end and the exhaust on the other end. The problem
appeared to be low temperature on section of the emitter that was far away from the burner, so
most of the heat was in the form of convection. The temperature on the working level was not
acceptable. Due to poor layout, a lot of radiant heat was reflected off from airplanes and never
reach the ground. The heaters were retrofitted with better designed heaters that were double run
and had better emitters (See Figure 1). The double run emitters have the burner and exhaust on
the same end so the emitters have more uniform temperature through out. The emitter section
next to the burner transfers heat to the emitter section next to the exhaust. The layout was
carefully designed to make sure the emitters cover the floor space completely. This is similar to
lighting design. The end result is a more comfortable working environment while reducing the
energy usage. Figure 5 shows the pre- and post retrofit billing data. The saving in this case is
30% or over 18,800 therms/yr (over $20,000 at $1.07/therm). Figure 6 shows the heating degree
days for the billing periods. The heating season in 2006 (post-installation) was colder in general
comparing to heating season in 2004-05 (pre-installation.) This case indicated that proper
selection and layout of the IR heaters is very important as in lighting design.
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Figure 5: Gas Usage Comparison Pre- and Post Infrared Heating Retrofit in Hangar
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Figure 6: Heating Degree Day Comparison Pre- and Post Infrared Heating Retrofit in

Hangar
800
700 1
600 -
& 500
g i
@ 2006
3 400
?f m 2004-05
& 300
200 -
100
0 +H==
O QO " 2 o £ 9 5 5 > £ 5
2386288228 3-
Month

Warehouse in a Furniture Plant

Warehouse is a good application if it is required to heat above 60 F. Over-hang door
opening can introduce a lot of outside air into the space. Workers are packing and loading
products into truck trailers during the normal operation. IR heaters can be a good application in
general heating or spot heating to maintain acceptable working environment. In projects we did,
the results are very good. For the case in the warehouse in a furniture plant, the gas consumption
was cut from more than 10,000 therms/yr to less than 4,000/yr therms. The results include
temperature setting from original 70 deg to 65 degree and night set back. The comfort level in
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the warehouse is maintained with lower temperature. This case indicated that lower temperature
setting is possible for IR heating.

Paper Machine Parts Manufacturer

Through utility’s program, we had funded many IR heating projects. Most of the projects
show significant savings. There are some projects that did not have saving due to the changes in
the heating setting. That is, the existing heating was not sufficient but the new IR heating has the
capacity to maintain the space temperature. Some time, the occupants still set the thermostat the
same way as in the existing system. That will maintain the space temperature but the gas usage
actually increases, because now we have the capacity to heat the space up. That creates a
dilemma for us. If the customer just adds more forced air heaters — the low cost way, the energy
usage would have been more.

There is one case that we are still trying to figure out the solution. This is a large
machine shop that manufactures parts for paper machinery. The building has very little
insulation and has a size of almost like a football field with about 30 to 45 feet ceiling height.
The existing heaters are gas fired forced air unit heaters. The gas usage was over 70,000
therms/yr to maintain 60 degree. In a lot of time in a year when outside temperature is low, the
existing heaters can not maintain 60 F. A lot of work that are performed by the workers includes
handling of metal parts. IR heating appeared to be a good application. The contractor designed
and installed the IR heaters. After the installation, the space temperature could not be
maintained at 60 F in one area. It appears several things cause the problems: one is that the type
of heaters selected is not good for the mounting height. Very long single run type of heaters ( 60
feet in length) were selected. The emitter temperature drops very fast to the end of the heater so
the percentage of the radiant heat is small. Picture 1 shows the type of heaters installed in the
spaces. Another problem is that the heat load is under-estimated. This project is one of the early
projects we involved in. The customer had to put back the forced air heaters as supplement to
the IR heaters that defeat the whole purpose of using IR heaters. Although the customer now
have a better working environment due to IR heating on the machinery and the metal parts the
workers have to handle. The gas usage increased since the IR heaters installed. The lesson
learned here is that IR heating improves the efficiency of the heating system if designed and
installed properly. The energy usage depends on a lot of factors such as the temperature setting
and occupied hours.

Picture 1: Infrared Gas Heater Installed in Paper Machine Parts Manufacturing Plant
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Summary

IR heating if applied properly will improve the efficiency of the heating system as
comparing to forced air heating. The energy saving depends on a lot of factors including the
temperature setting. The forced air heated spaces tend to have high temperature stratification if
ceiling height is over 15 feet or more. The temperature logging and instant measurement
indicate higher average space temperature in forced air heating as comparing to IR heating. We
can draw conclusion as which way is more efficient but the energy usage depends both on the
efficiency and the temperature setting in the spaces. IR heating provides a more effective way to
heat industrial plant and commercial facilities that have high ceilings. The energy efficiency
should be investigated very carefully. Proper equipment selection and layout of the IR heaters
are very critical to ensure proper heating.
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