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Abstract

Dust collection systems represent a significant portion of a wood product
manufacturer’s total electricity use. The system fan works against the static
pressure of the entire system—the blast gates, the ductwork, and the up-
stream or downstream cyclone and/or baghouse. A poor system design (e.g.,
sharp elbows or undersized ductwork) increases the total amount of static
pressure in the system, the fan’s performance curve shifts, increasing the total
brake horsepower required by the fan (up to the maximum point on the
curve). Additionally, system designers may oversize a dust collection system
to ensure adequate dust capture and transport, either to accommodate system
expansion or simply to be conservative. Since theoretical fan energy use in-
creases with its velocity cubed, this can be an expensive safety net. This paper
presents a comprehensive literature review about industrial cyclone dust col-
lectors energy saving in relation to management, technologies, and policies.
Energy-saving technologies like high-efficiency motors (HEMs), variable-speed
drives (VSDs), leak detection, and pressure drop reduction have all been ex-
amined. Based on energy saving technologies results, it has been found that in
the industrial sectors, a sizeable amount of electric energy, and utility bill can
be saved using these technologies. Finally, various energy-saving policies were
reviewed.

Keywords

Cyclone Dust Collector, Energy Saving, Energy Management, Variable Speed
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1. Introduction

Energy is a basic required resource in industrial facilities all over the world for a
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variety of functions. For countries with rapid economic growth, a large amount
of energy is required. As a result, energy is a critical component of economic
competitiveness and job creation.

Many efforts need to be exerted to bring the global energy resource to a better
management level, and all efforts should not be excluded. This paper presents an
aspect of energy efficiency on a typical high energy consuming industrial system,
such as dust collectors and their related sub-systems. The aim of this paper is to
improve the energy efficiency of the cyclone dust collectors for wood product
factory.

The second section of this article presents a literature review on the subject of
energy consumption emphasized on wood transformation factories. It also
presents the actual situation and its impact on the global market.

The third section presents an overview of energy management strategies for
dust collecting systems.

The fourth section presents energy saving solutions which pertains to me-
chanical aspects of dust collecting systems, and the fifth section presents solu-
tions for their electrical aspects.

The sixth section presents incentives for energy savings in industrial applica-
tion of dust collector systems, according to policies, regulations and standards.

The seventh section presents practical recommendations for energy savings.

The eighth section presents a conclusion for this article.

2. Literature Review and Problem Statement

Global population and energy demands, on the other hand, are growing in lock-
step. The world community must address this challenge to avoid future energy
resource shortages. From 2010 to 2030, global marketed energy consumption is
expected to rise by 33%. As illustrated in Figure 1, total world energy use in-
creased from 82,919 ZW in 1980 to 116,614 ZW in 2000 and is anticipated to
reach 198,654 ZW in 2030 [1].

In the above context, there is certainly a need for more research and diagnostics
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Figure 1. World marketed energy consumption from 1980 to 2030 (ZW) [1].
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in the different industrial sectors, especially in those where very little efforts have
been concentrated in the past. Wood products and furniture manufacturing are
part of those industries where more research efforts are required in terms of
energy saving. For a typical woodworking shop, the largest demand of electricity
is usually concentrated in two applications: dust collection and compressed air.
Dust collection alone can represent up to 50% - 60% of the total electrical con-
sumption of a woodworking facility.

Despite their industrial operations exceeding 140 years, the world is constant-
ly refining the design of cyclone dust collectors capable of effectively capturing
fine dust at a low cost. As a result, one of the most significant environmental
challenges is to improve the energy efficiency of cyclones [2]. Many studies have
been carried out over the world to increase cyclone energy efficiency, and new
better cyclone designs have been proposed.

In [3], a cyclone with an extra chamber for collecting tangential dust in the
structure’s conical section was presented. This, according to the authors, would
improve the effectiveness of catching tiny dust particles (less than 6 um). The
findings of numerical modeling revealed that when the cyclone’s hydraulic re-
sistance is increased by 8%, particles with a diameter of 3 pm are caught 50%
more efficiently. The drawback of the cited work is the increased cyclone resis-
tance and the lack of tests under industrial conditions.

It is shown in [4] [5] that the suction of gas from the vortex duster bunker
with oncoming swirling streams can reduce dust removal by more than 3 times
and increase dust cleaning efficiency. The disadvantages of such modernization
include the need for additional equipment, a lower diameter duster and an addi-
tional fan to suck gases from the bunker.

The results of tests of a standard helix cyclone “CN-15u-300” and a patented
cyclone with the reverse cone “COK-200-300” that allows the depth of the ex-
haust pipe dive to be controlled are reported in Study [6]. It is shown that the re-
sistance of “COK-200-300” is 2-2.2 times less than that of the conventional cyc-
lone “CN-15u-300”, and the efficiency of dust capture up to 5 pm increases by
about 5% - 20%. However, the drawbacks include the fact that the reported work
used a cyclone design, which is incapable of efficiently separating the two-phase
flow from particles smaller than 5 pm in diameter.

Installing various types of stream straighteners in the exhaust pipe is the most
common method of lowering cyclone wind-dynamic resistance. Thus, the au-
thors of work [7] [8] investigated the cleaning indicators of a vortex cyclone ap-
paratus with a diameter of 0.4 m fitted in the exhaust pipe, as well as several
stream straighteners following it, all under the same industrial settings. Dolo-
mite dust was used with an average median particle diameter of 18 um and a
density of 2100 kg/m”>. It is shown that the stream straighteners (a conical blade,
screw-blade, ring diffuser, in the form of a drop on the end), installed both in the
exhaust pipe and after it, lead to a deterioration in the efficiency of cleaning the

vortex duster. Only for the helix type stream straightener did the dust removal
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drop by 1.5 times on average, while the hydraulic resistance decreased by 11%.
The stated paper has one weakness: the results were only achieved for the tested
design of the vortex cyclone equipment.

The authors of work [9] proposes a cycle filter combining a cyclone and a
sleeve filter for gas purification at temperatures up to 130°C and a high begin-
ning dust concentration in a single complex gas treatment system. This combi-
nation of cleaning procedures in a cyclone at significantly different airspeeds (at
an average speed of up to 5 m/s in a cyclone, and at a speed approximately one
order of magnitude less in the sleeve filter) is considered as inadequate.

A multi-channel cyclone reported in [7] is of interest, the distinctive feature of
which is the possibility to change the ratio of air dust mixture as it passes
through the peripheral (return-incremental) and transit (moving to a new
channel) streams. The highest value of purification efficiency in a three-tier six-
channel cyclone at a flow rate of 16 m/s for dust particles less than 20 um (wood
ash) was 92.8% and 95.1% for dust particles up to 50 um (granite dust). The
disadvantage is the need to replace the existing cyclone with a newer model.

A multi-channel cyclone made of unalloyed material with an airflow con-
sumption of 40,000 m*/h was examined in [10] when capturing lignin with a
dispersity of 3 um, the humidity of at least 95% at elevated temperatures (50°C -
75°C). Despite the high degree of dust purification of lignin, the internal “stuff-
ing” of the cyclone was destroyed by temperature and humidity. The disadvan-
tage is the need to fabricate cyclones from expensive materials.

Work [11] shows that the new swirling element in the separator design, com-
pared to the traditional element of the vortex dust collector, contributes to an
increase in overall efficiency. Thus, the purification increased by 2% - 3% and
the hydraulic resistance decreased by 30%. The drawback is the lack of data on
dust dispersal and the need to manufacture new equipment when replacing
low-efficiency cyclones.

In [10], a method for increasing the energy efficiency of a baking cyclone heat
recovery unit (6.25 m in diameter) of a rotary kiln in cement production, in
which the exhaust pipe is eccentrically displaced relative to the cyclone axis, was
considered. The parameters of the cleaned gases and dust were as follows: gas
temperature 800°C, dust density 2500 kg/m?, gas speed in the inlet branch pipe
17 m/s. It is shown that when the magnitude of the exhaust pipe axis shifts rela-
tive to the axis of the cyclone by 100 - 200 mm (1.5% - 3% of the diameter of the
cyclone), the removal of dust from the cyclone decreased by 2 times.

The hydraulic resistance of the cyclone decreased by 5.4%, and the energy ef-
ficiency of the cyclone increased by about 2.1 times. The drawback of this mod-
ernization is the lack of information about the dispersibility of the captured dust,
as well as the possibility of its implementation only in the manufacture of a cyc-
lone.

A method for increasing the efficiency of cyclones by reducing the removal of

dust (a diameter of 4.5 um) from the cyclone by 5 or more times, depending on
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the dispersibility of dust, is proposed in [12]. This outcome is accomplished by
using various turbulence generators at the jet section to improve the degree of
dust particulate treatment in cyclones. This modernization method has the ad-
vantage of being able to be implemented in cyclones used in numerous indus-
tries without having to replace them with new, more efficient, but also more ex-
pensive dust-trapping equipment. The drawback of such modernization is a cer-
tain increase in energy costs to overcome the hydraulic resistance of cyclones.

Thus, based on our analysis of existing methods of modernization of cyclone
dust collectors, it is very useful to further develop new technologies to improve
the energy efficiency of inefficient cyclones without replacing them with new
ones. As a result, there has been a substantial increase in the number of scientific
studies around the world focused at improving the energy efficiency of cyclone
dust collectors since the beginning of the twenty-first century.

The most recent literature on industrial energy management, policies, and
energy savings measures has been assembled in the form of MS and PhD theses,
journal articles, conference proceedings, web resources, reports, books, and
handbooks. Savings related to management have been examined, including
energy audits, training programs, and housekeeping, as well as certain global
energy management strategies. Energy-saving technologies like high-efficiency
motors (HEMs), variable-speed drives (VSDs), economizers, leak avoidance, and
pressure drop reduction have all been examined. Based on energy saving tech-
nologies results, it has been found that in the industrial sectors, a sizeable
amount of electric energy, emissions and utility bill can be saved using these

technologies.

3. Energy Management

The approach of satisfying energy demand when and where it is required is
known as energy management. The objectives are to minimize energy cost/waste
without affecting production and quality and minimize environmental effects.
This can be accomplished by changing and optimizing energy utilizing systems
and procedures to reduce energy requirements per unit of output while main-
taining or lowering total costs of production from these systems [13]. As a result
of growing energy prices and concerns about the world’s energy resources being
depleted, energy management became one of the key functions of industrial
management in the 1970s. In today’s sectors, energy management has taken on a
far larger role. On a regular basis, the company’s top management engages in the
planning of various energy management programs. Many companies’ annual
reports should include specifics about their energy saving operations and their
accomplishments in energy conservation programs [14]. To be effective, energy
management programs should include four main sections: 1) Analysis of historical
data; 2) Energy audit and accounting; 3) Engineering analysis and investments
proposals based on feasibility studies; 4) Personnel training and information.

An energy management system implemented on a dust collector is composed
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of three things: a small control system, a Variable Frequency Drive (VFD) and
automatic blast gates. As individual production applications are energized, the
collector adapts its fan speed via a VFD control in order to provide adequate
flow (cubic feet per minute, CFM) as needed. Each machine has a programmed
minimum CFM requirement. The control system ensures the collector is always
operating while machines are in function, as well as maintains the necessary
CFM and velocity in the ducts. The benefits of doing this can be surprising. A
slight reduction in RPM on the fan’s motor equates to significant drop in energy
usage. Slowing down the fan’s motor as little as 20% reduces the power usage by
50% [15].

4. Dust Collection Energy Saving—Mechanical Aspect
4.1. Hoods

Dust collecting hoods can be built for one of two ventilation methods: collection
or containment. It is vital to correctly select the appropriate approach for the
application, as this will result in a wide range of hood designs. If a hood is used
incorrectly, the system may experience excessive static pressure loss or require
more air volume to accomplish the optimum dust collecting performance, both
of which increase energy consumption [16]. The collection method must be de-
signed to pull every fugitive dust particle produced by the process to the hood
before it is released into the surroundings. As a result, the hood must be built to
create higher capture velocities at a specific distance from the hood’s face. On
the other hand, in the containment methods, we aim at creating a negative pres-
sure inside the process to prevent dust from fleeing the process equipment. This
leads to the hood needing to be designed to have lower face velocities to minim-
ize excess dust/product being pulled into the system while still creating negative
pressure inside the equipment. Any leakage points in the equipment leak inward
instead of puffing dust out due to the negative pressure. Large pyramidal/conical
hoods are the most common hoods utilized in these settings, Figure 2.

When a collecting hood (slotted, for example) is used in a situation where a
containment hood is necessary, excessively high face velocities are generated at
the hood. Due to the orifice effect, these high velocities cause static pressure loss
through the hood. In the worst-case situation, the hood is the controlling pickup
points for the ventilation system, determining the overall pressure need. As a
result of the excess static pressure generated in the hood, the overall system stat-
ic pressure requirement is increased. This causes the fan’s performance to move
to the left on its fan curve and decrease the air flow of the system. To recover
that loss in air volume the fan will be sped up, which increases the amp draw by
the motor and results in the use of more energy to move the same amount of air
that was originally intended.

Finally, when a containment hood (such as a big pyramidal) is used in an ap-
plication where collection is necessary, the face velocities at the hood are lower.

Because of the lower velocity, capture velocities are greatly reduced, and the dust
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Figure 2. Slotted hood computational fluid dynamics (CFD).

is not caught. This also tends to increase the air flow to the hood by opening the
blast gate/damper. With this increased air flow at this point there is a decrease in
air flow to the remaining points in the system. To maintain the performance of
the other pick-up points, a larger overall system air flow is required. When the
fan is sped up to meet the greater total system air flow need, not only does the
fan have to expend more energy to move more air, but the system’s total pres-

sure buildup also rises due to increasing frictional losses in the duct work.

4.2. Duct Sizing

When we size ductwork, we must obtain a balance to ensure that it will function
properly. It must be small enough to keep dust flowing in the air stream through-
out the system with adequate transport velocities while also keeping ducting
material costs low. The other side of this balancing act is to make the duct as
large as possible to reduce the system’s velocity needs and static pressure, re-
sulting in smaller fans and lower energy expenditures, Figure 3.

According to [17], dust will tend to settle to the bottom of ducts if the duct
system is greater in diameter than required, causing dust buildup. As the buil-
dup progresses, the cross-sectional area of the duct will be diminished. This de-
crease in cross section area results in the increase of air velocity in the duct and
hence lower static pressure. If this fallout occurs anywhere along the governing
branch’s path of the total system, the static pressure will decrease as the velocity
increases.

As the static pressure decreases, the fan parameters move to the right on its

curve, which results in higher volumes. This can cause a cascading effect of dust
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Figure 3. Illustration of 3D modeling of duct sizing.

build up resulting in lower pressure followed by higher volumes, increased ve-
locities and to more buildup. Therefore, the cycle starts again that eventually
leads to a completely plugged duct.

The velocity will create excessive pressure loss with a smaller diameter than
required. If the fan’s static pressure needs were calculated correctly with the in-
creased pressure losses, the fan would pull the required air volume but consume
more energy than a well-constructed system. If the fan’s static pressure require-
ments were not calculated correctly, the higher than estimated pressure will
cause the fan to move left on the curve and decrease the total air volume of the
system. The decrease will require a speed change to the fan which causes more

energy use.

4.3. Layout

The final item to consider for optimizing ductwork and reducing energy usage is
the layout. Some characteristics of transport ducting are imposed by the actual
layout of the production equipment of the factory, but the negative impacts and
restrictions can be minimized or even eliminated by some simple strategies.

For instance, one of the most influential characteristic of a ducting network
lies in the directing elbows. Excessive elbows for elevation changes are one of the
most important things to consider in design (see Figure 4). Elbows cause exces-
sive turbulence in the flow, hence greater loss of energy. Specialized pneumatic
conveying elbows have been developed for minimizing losses due to turbulence:
Hammertek [18] supplies these elbows to factories that rely on pneumatic con-
veying for material transport. Figure 5 shows 4 different types of Hammertek
elbows. Figure 6 shows flow lines inside a Hammertek 90° elbow.

Wang et al [19] experimented and modelized a flow in an 8-inch-diameter
duct with 1500 ACFM and a velocity of 4300 feet per minute. They configured
their model as a straight duct with two elbows to impose a restriction in the flow
and compare the pressure loss in three types of elbows (see Figure 7).

The static pressure loss in the configuration with two 90-degree elbows regis-

tered to 0.63 inches. When compared to two 45-degree elbows, the static pressure
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Figure 4. Trunk branch entries.

Figure 6. Optimized flow in Hammertek elbows.

Figure 7. Models for pressure loss.
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loss is reduced to 0.31 in. wc, and even lower with two 30-degree elbows at 0.21
in. wc.

On the governing branch path of the ductwork, that would result in 0.31 in.
wc in the case of 45-degree elbows, or 0.21 in. wc in the case of 30-degree elbows,
less pressure resistance for the fan and lower energy consumption. Another com-
mon place for improvement is when multiple pickup points are in close proxim-
ity to one another, and they are branched off the main duct that is a part of the
governing branch path. With each branch entry there is a pressure loss from the
turbulent mixing of the air streams so the more branch entries are installed in
the governing branch path the higher the systems pressure resistance will be.
The solution is to branch off once from the main governing branch and make a
new branch line that will not exceed the governing branch diameter and deal
with the connection losses of only one instead of four junctions with the go-

verning branch.

5. Dust Collection Energy Saving—Electrical Aspect

Application of electrical technologies has tremendous potential to reduce indus-
trial energy issues. The following are a few of them applied for dust collection

energy savings.

5.1. Variable Speed Drive

A variable speed drive is an electronic power converter that produces a multi-
phase, variable frequency output that may be used to control and modify the
speed, torque, and mechanical power output of a typical AC induction motor. If
used in a variety of industrial applications, this mechanism can save a lot of
energy [20]. AC drives can be described by different terms. Adjustable frequency
drives (AFD), variable speed drives (VSD), variable frequency drive (VFD) and
inverters all are employed, but have the same meaning. VSD’s have been used to
provide significant savings in several applications around the world such as
pump velocities, motor speed control, blower speeds, conveyor systems and oth-

er application that require variable speed with variable torque [21] [22].

5.1.1. Using a Variable Speed Drive to Reduce a Dust Collector Energy
Usage

Dust collectors use electricity for the duration of its operation, with most of it
being consumed by the fan’s motor. The energy required by the fan’s motor can
be reduced by using a VFD. The volume of air (or CFM) that the fan moves
through the system is directly proportional to the amount of energy consumed.
Dust collectors are mechanisms that can be adjusted. Depending on how
dust-filled the filter cartridges are, their resistance to airflow (pressure drop)
fluctuates over time. Without any intervention, in the early stages of the filters’
life when the static pressure across them is low, the fan will move more air than
needed [23]. This consumes unnecessary energy and causes air to hit the filters

at a high velocity, which reduces filter life. The VFD, equipped with an airflow
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or static pressure sensor, will automatically sense changes in airflow and pres-
sure drop, and will adjust the fan speed to return the system to optimal airflow.
Operators achieve significant electrical savings over the long term because the
amount of energy needed to operate the fan’s motor varies with speed. The drive
reduces fan speed to get the desired airflow when the filters are new. When the
filters become clogged with dust, the drive increases the fan speed to maintain a
steady airflow. In terms of maintaining the required airflow while consuming the
least amount of electricity, electronic control is far more efficient than human
intervention. Adjusting the frequency of the incoming power is an effective way
to change the fan’s motor speed since their relationship is directly proportional.
For example, a VFD can change a motor that runs at 3600 RPM at 60 Hz to run
at 1800 RPM at 30 Hz. The fan draws only the amount of power required for the
specific fan speed. For example, a fan that runs 25% slower would use 42% of the
power that would be required for full speed. The same fan running 50% slower
would use 12% of the full speed power. Figure 8 illustrates the multiple

Speed Control (VFD)

static pressure curve - 50% rpm

static pressure curve - 75% rpm

Pressure

]
Volum

-Q

————— D) W ———— —

| | horsepower @ 75% rpm
| /

/—r—;power @ 50% rpm

/"—'\L/

Volume-Q

Figure 8. Energy relationship of a variable speed fan by means of mechanically control-
ling the static pressure of the system via an outlet damper.
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relationships that define the amount of energy being used at different speeds.
VED have been proven to save an average of 4 in. wc of static pressure over the
life of the filters. With different applications, the additional capital cost reduc-
tions available by installing a VFD on a dust collection system would vary.

However, the average return on investment is less than a year.

5.1.2. Mathematical Formulations to Estimate Energy Savings Using VSD
The following calculation can be used to calculate the annual energy consump-
tion of electrical motors that do not use variable speed drives:

AECy,, =M, x0.7456x N, xOPH/[1,... (1)

motors

where AECp4y is the annual energy consumption without variable speed drive
(kWh/year); Mg, is the motor’s power in horsepower; Nuowrs represents the
number of motors used; OPH represents the operating hours in year (h/year)
and 7morr is the efficiency of the motor.

Annual energy consumption when using variable speed drive depends on an-
nual energy consumption without using VSD and speed reduction ratio. This

can be calculated from the following equation:
AEC,p = AECy,;; % (1 = SR, ., )2 )

where AECyp is the annual energy consumption with VSD (kWh/year) and SR...
4o 1S the speed reduction ratio.

The difference between yearly energy consumption without VSD and annual
energy consumption with VSD is the annual energy savings when utilizing VSD.
The annual energy savings are calculated as follows:

AES, i, = AEC,,,, — AEC,, (3)

Table 1 shows the potential energy savings associated with the speed reduc-

tion using a VSD for industrial motors [23].

5.1.3. Mathematical Formulations to Estimate Cost Saving When Using a
VSD

The annual bill savings can be determined using VSD based on annual energy
savings and energy unit price. The following is the formula for the cost reduc-
tion mentioned above:

ABS,, = AES,, x UEP (4)

where AESysp is the annual energy saving when using VSD (kWh/year), and

Table 1. Potential saving of VSD when reducing the speed.

Average speed reduction (%) Potential energy saving (%)
10 22
20 44
30 61
40 73
50 83
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UEPis the unit energy price ($/kWh).
Payback period is determined by the incremental cost of VSD divided by the
annual bill saving of VSD in a particular year. Payback period can be expressed

mathematically according to the following equation:
PBE,g, = ICyg, /ABSVSD (5)

where ICysp is the incremental cost of VSD ($), and ABSysp is the annual bill
saving of VSD ($/year).

It is estimated that replacing conventional motors with adjustable speed mo-
tors in appropriate applications would result in saving 41% of the energy used in
industrial motors. Power consumption drops far more than the drop in motor
speed, so the savings can accumulate quickly. For example, a 10% reduction in

shaft speed results in a 27% decrease in power consumption [24].

5.2. High Efficiency Motors (HEM)

Electric motors consume most of the electricity in the industrial wood manufac-
turing sector. Wood cutting machines, fans, materials conveyors and air com-
pressors all employ electric motors. However, there are four basic types of losses
in a squirrel-cage induction motor:

e Stator and Rotor losses (I°R losses in the stator and rotor windings).

e Core (magnetic) losses. This is the sum of the laminated stator and rotor
core’s hysteresis and eddy current losses.

o Friction and windage. This is the loss due to fans and the bearing friction.

e Stray losses. This is the sum of all motor losses that cannot be assigned to one
of the other four types of losses. Electrical harmonics and stray currents in
the motor are the main causes.

It is important to note that a normal motor is already a highly efficient device,
with efficiency levels above 80% for most of the operating range and over 90% at
full load. Motor manufacturers, on the other hand, have been able to boost effi-
ciency even more with the following enhancements:

e Improved steel properties

e Thinner lamination

¢ Increase conductor volume

e Modified slot design

e Narrowing air gap

e Improved rotor insulation

In 2005, the European Committee of Manufacturers of Electrical Machines
and Power Electronics (CEMEP) and the European Commission have devised
motor efficiency classification labels EF1, EF2 and EF3 to make it much easier
for purchasers to identify energy-efficient motors in the market with EF1 level as
threshold. The motor manufacturers label their standard motors with efficiency
logos [25] [26] [27].

Highly efficient motors offer many benefits for dust collector application.

Some of these benefits include:
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e Less maintenance and longer lifetime due to lower temperature in windings
and bearings
o Higher reliability due to lower losses, including:
1) Better tolerance to thermal stresses resulting from stalls or frequent starting
2) Increased ability to handle overload conditions
3) Better resistance to abnormal operating conditions, such as under and over
voltage or phase unbalance

4) Higher tolerance to poorer voltage and current wave shapes.

5.2.1. Mathematical Formulations to Estimate Energy Savings by HEM
The following equations can be used to calculate annual energy savings (AES)

when a standard electrical motor is replaced with a HEM:

AECBAU = MHp X 07456 x Nmotors x OPH/nstandard motor (6)

AEC,, =M, x0.7456x N, % OPH/?]ef oior (7)

AEC,,,, = AEC,,, — AEC,, (8)

Based on Equations (6)-(8), when installing HEM, the results of total annual
energy saving in kWh are illustrated in Figure 9.

So there is tremendous potential of energy savings when a HEM is used in a
dust collector. According to Figure 9, a 75 hp dust collector can save up to
28,000 kWh per year at 100% load and up to 22,000 of kWh at 75% of load.

Considering the price of a kWh at 0.07 $CA in Quebec, this represents a sav-
ing of 2000$ when the motor is fully loaded.

5.2.2. Cost-Benefit Results When Using a HEM

Annual bill savings are related to annual energy savings and the unit price of
energy while employing HEM. The following is the formula for the value strate-
gy mentioned above:

ABS,,,, = AES,,, xUEP 9)

30000
25000
20000

15000

10000
il ‘
0 -—-= ==m =mi =l ll II I I

1 2 3 4 75 15 20 25 30 40 50 60 75
Motor Power (Hp)
M Load: 50% ®Load: 75% Load: 100%

Energy savings (Kwh)

Figure 9. Energy savings (kWh) for highly efficient dust collector motor applications
[24].
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The payback period is calculated by dividing the incremental cost of HEM by
the annual bill savings of HEM each year. The following equation can be used to

calculate the payback period:
PBP,,,, =1Cy, | ABS (10)
According to Saidur et al [24], the findings of total annual bill savings and

payback period are shown in Table 2 when HEM are installed in industrial mo-

tors and based on Equations (9) and (10).

5.3. Energy Savings through Leak Prevention in Dust Collector

Leaks in a dust collection system can waste the system’s energy and cause ma-
terial settlement and buildup (Figure 10), as well as degrade the dust collection
system’s performance. Leaks can occur at duct or pipeline couplings, diverters,
elbows where holes have formed, blast gates, and in dust collector housings. The

Table 2. Bill savings and payback period for HEM.

Load (50%) Load (75%) Load (100%)
Incremental
cost ($CA) Bill savings Payback Bill savings Payback Bill savings Payback

($CA) (year) ($CA) (year) ($CA) (year)

1 32.46 13.16 2.46 19.74 1.64 26.32 1.23
2 38.12 26.32 1.45 39.41 0.96 52.57 0.73
3 35.44 39.48 0.90 59.15 0.59 78.90 0.45
4 74.75 52.64 1.42 78.89 0.94 105.21 0.71
7,5 166.48 98.63 1.70 147.91 1.12 197.26 0.84
15 296.32 197.68 1.50 296.52 1.00 394.94 0.75
20 324.91 263 1.23 394.45 0.82 52591 0.61
25 451.78 328.65 1.37 492.94 0.92 657.30 0.69
30 493.47 394 1.25 590.87 0.84 788.00 0.63
40 592.64 526.12 1.12 789.18 0.75 1052.24 0.56
50 623.32 656.6 0.94 984.83 0.63 1313.27 0.47
60 786.82 788.5 1.00 1182.65 0.66 1576.82 0.50
75 987.24 988.05 1.00 1481.90 0.66 1975.70 0.50

Figure 10. A significant buildup problem with resin pellets in a conveying line due to a
leak.
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use of talcum powder, helium tracing, or non-combustible smoke around sus-
pected leak spots can all be used to check for leaks [28].

The air alone moving through the system with the buildup exceed the system
resistance design condition, thereby rendering dust collection impossible as sol-
ids are introduced in the system. The buildup problem was a result of tempera-
ture-induced softening of the resin, allowing the material to fuse to pipeline’s
interior. This creates an increase of friction and reduces the pipeline’s diameter,
which both significantly increase the system’s resistance to air passage, solids
transport and energy consumption. Power losses increase exponentially as the
diameter of the hole increases as shown in Figure 11 [29] [30].

6. Industrial Energy Saving by Policies

Energy policy refers to how a specific institution (typically a government) has
chosen to address challenges of energy development, such as energy production,
delivery, and consumption. Legislation, international treaties, investment incen-
tives, agreements, energy conservation guidelines, taxation, energy efficiency
standards, and energy guide labels are all examples of energy policies [31].
Energy policies are used widely in the industrial sector to meet specific energy
uses or energy efficiency targets. Industrial energy policies can be viewed as tools
for developing long-term strategic plans, covering periods of 5 - 10 years, for in-
creasing industrial energy efficiency and reducing greenhouse gas emissions.
This strategy involves not only industrial facility engineers and management, but
also the government, industry associations, financial institutions, and others. To
promote energy efficiency in the industrial sector, countries around the world
have implemented a variety of laws and programs. Some of these policies and
programs include the following:

¢ Regulations/standards

e Fiscal policies

e Agreement/targets

35
30

25

Power lost (kW)
G

=
o

(€]

0 d 2 3 4 5 6 7 8 9 10
Hole diameter (mm)

Figure 11. Dependence of power loss on hole diameter at 600 kPa [29].
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6.1. Regulations/Standards

Regulations and standards are policies that must be followed in order to improve
energy efficiency. Typically, regulations and standards are applied to specific
industrial equipments, such as motors, boilers, and so on. Furthermore, indus-
trial establishments may be required to undertake energy audits, hire an energy
manager, or implement an energy management system under laws. Example of
regulations and standards in some countries are shown in Table 3 [31] [32] [33]
[34].

6.2. Fiscal Policies

Imposition of taxes, tax refunds, investment tax credits, and the establishment of
investment bank lending conditions are all examples of fiscal policies that pro-
mote energy efficiency. Taxation policies are a necessary tool for promoting
energy efficiency adoption. Using tax refunds or investment tax credits, tax poli-
cies can also influence energy efficiency. Investment bank lending criteria can be
established to give higher priority for funding projects that improve energy effi-
ciency [35].

6.3. Agreements/Targets

In the industrial sector, agreements are frequently utilized to accomplish certain
energy uses or efficiency targets. These agreements are characterized as “agree-
ments between government and industry to facilitate voluntary acts with desira-
ble social results, which are advocated by the government, to be conducted by
the participants, based on the preferences of the participants. An agreement can
be written in a variety of ways, but the most typical are those that are based on
precise energy efficiency improvement targets and those that are based on ener-
gy consumption or carbon emission reduction commitments. Either an individ-
ual company or an industrial subsector, as represented by a party such as an in-
dustry association, can enter into such agreements. Some of these policies are
tabulated in Table 4.

6.4. Energy Policy in Canada

The Canadian Industry Program for Energy Conservation is a wholly voluntary
program in which each industrial sector sets collective targets. The sector task

forces, as part of the program, identify energy efficiency opportunities, assess,

Table 3. Regulations and standards in some countries around the world.

Country Industrial Policy
Canada Canada’s Energy Efficiency Regulations
USA U.S. Energy Policy Act Motor Efficiency standards
Brazil Minimum Efficiency levels for high-efficiency motors
Italy and Japan The Mandatory Energy Manager Programs
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Table 4. Industrial sector policies in some countries around the world.

Country Industry policy Reference
Canada Industry Program for Energy Conservation (CIPEC) [36] [37]
38] [39
Denmark Agreements on Industrial Energy Efficiency [ [L(E] ]
Germany Declaration of German Industry on Global Warming Prevention [41] [42]
UK. Climate change Levy, Efficiency Best 'Practice Program, (43] [44]
Make a Corporate Commitment
France Voluntary Agreements on CO: Reductions [45]
Sweden Eco-Energy [46] [47]
China China’s National Climate Change Programme, Energy Conservation Law [48]

and address the barriers to these opportunities, plans and implements strategies

to realize the opportunities. The program includes annual measuring and re-

porting by industry participants. Benchmarking is conducted in which facilities

are compared to the industry’s average as well as to a “best practice” which is

defined as the top quartile. Between 1973 and 1990, this program achieved cu-

mulated energy savings of 26.1% per unit of production represented an ongoing

reduction of 30.4% in Canada’s industrial emissions. Since 1990, this program

has seen an average annual energy intensity improvement of 0.9%. Also, since

1990, GDP from the CIPEC industrial sectors rose 17.2% and energy use rose

10%. Between 2000 and 2010, CIPEC program continues to improve energy

saving of Canadian’s industrial sector. Some of this plan includes the following

[36] [37] and [49]:

¢ Recognizing individual firms voluntary efforts to enhance their energy effi-
ciency and minimize their environmental output.

e Organize the development of aggregated energy efficiency improvement
commitments and sub-sector-level targets.

e encourage sub-sector-level implementation of action plans

e use sector task forces to encourage industries to exchange technical informa-
tion and promote synergy among sectors

e encourage, facilitate, and provide energy management training.

7. Practical Recommendations

In order to reduce the dust control system airflow without affecting the ambient

air quality in the workplace, here are some practical suggestions:

¢ Remove all duct leaks: Even with welded joints, a new duct system can leak
up to 20% of the total system airflow. Sealing the leaks will allow the fan to
slow down and the exhaust air to be reduced by the amount of duct leakage
that has been eliminated. This has a direct effect on energy saving and to
prevent a buildup.

¢ Install effective dust-capture hoods: Many dust control systems are missing

capture hoods, because either they have been damaged and removed, or they
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were never designed and installed in the first place. Many plants use
open-ended flexible ducts as dust capture devices. The amount of dust cap-
tured will be raised by up to 50 percent by installing properly designed
dust-capture hoods.

¢ Operate exhaust fans efficiently: Use exhaust fans with low-energy motors.
Variable-speed drives should be used if the fan load changes often. At each
fan’s inlet and exit, replace any restrictive ducting. Even though the fan is on
the clean-air side of a dust collector, the fan blades must be inspected and
cleaned on a regular basis.

e Check the dust collector filter cleaning timer: Continuously cleaning the
filter media in the dust collector uses a lot of compressed air and may not be
necessary. It may even shorten the filter media’s useful life. It is recom-
mended to use an on-demand timer that will effectively clean the filter media
when the pressure drop across the media reaches a predetermined high point.
The filters will be cleaned, the pressure drop across the media will fall, and
the compressed air will be conserved.

Note that some suggestions here for reducing exhaust air and saving energy may
require smaller ductwork to maintain minimum dust transport velocities within the
ductwork. Before reducing the ductwork size, a study must be made to compare the
cost of replacing ductwork to the dollar value of the contemplated changes in ener-
gy savings. Furthermore, a verification with the fan manufacturer would also be
necessary to verify if slowing the fan for reduced airflow would still allow the fan to

operate in the stable portion of the fan performance curve.

8. Conclusions

The excessive energy usage of most industrial manufacturers dust collection sys-
tems causes severe challenges. Though the concept for dust collection system
seems simple, many things can go wrong if careful attentions are not brought to
the design details. It has been found that energy saving technologies, for ex-
ample use of HEM and VSD, to match load requirements have been found to be
cost-effective energy saving measures to reduce energy consumption of major
energy using equipment in the industrial facilities.

These savings strategies can be economically viable in most cases. It was also
observed that effective public policies are also needed to reduce industrial energy
consumption along with emission reduction.

In the end, it becomes desirable to reduce the airflow through the dust control
system to the minimum required by the load on the system. So, the quantity and
physical properties of the particles being extracted are the largest consumers of

energy in the system.
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