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1   Introduction 

Background 

Presidential Executive Order 12759 requires federal facilities to increase indus- 
trial/process energy efficiency 20 percent by the year fiscal year 2000 (FY00) in 
comparison with FY85. Where energy improvements can yield sufficient payback, the 
Department of Defense (DOD) may help installations fund energy-saving measures 
through its Energy Conservation Investment Program (ECIP), which is available to 
installations through the Facility Energy Management Program (FEMP) of each 
military branch. U.S. Navy facilities have begun to actively acquire state-of-the-art 
equipment and have already successfully modernized their laundry technologies. U.S. 
Air Force facilities have responded by contracting out nearly all of their laundry 
processing. Many U.S. Army facilities, however, have not yet modernized their 
laundry facilities for several reasons. Army laundry managers often find that 
established recordkeeping and acquisition procedures can complicate the process of 
quickly acquiring new equipment to keep their facilities up to date. For example, most 
Army installations do not meter energy use by individual buildings or utility areas, so 
Army laundry managers do not receive or have access to utility bills pertaining to their 
work areas. This makes it impossible to isolate specific incidences of energy over- 
consumption or waste, and hard to document needed justifications for new equipment 
purchases. 

Most DOD laundry managers express concern with the performance of their operations 
and a desire to improve the performance and efficiency of their plants. In spite of 
acknowledged problems associated with outdated equipment and insufficient data, 
laundry managers presently reduce utility consumption by using setback timers on 
equipment and lights, disconnecting or disabling unused equipment, installing 
occupancy sensors in seldom-used areas, and replacing worn out conventional 
equipment with more efficient models. Army laundry facilities need to supplement 
these practices by adding advanced technologies to increase utility savings by further 
reducing energy and water consumption, and to decrease production costs by reducing 

the amount of labor required to process laundry. 
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Objectives 

The objectives of this study were to: (1) determine and characterize the condition and 
utility consumption of DOD laundry facilities; (2) compare those facilities with 
commercial facilities of similar size, and; (3) provide DOD with alternative facility 
designs using advanced technologies that can increase the efficiency and cost- 
effectiveness of military laundry operations. 

Approach 

1. DOD laundry facilities were reviewed and characterized to establish a baseline 
for operating conditions, utility use, equipment type and condition, and 
production rates. Project Fact Sheets (surveys) were sent to 28 DOD laundry 
facilities with data collection forms to determine energy use, annual production, 
and operating conditions (Appendix A). Survey information was supplemented 
with site visits to selected DOD laundry facilities. 

2. The collected data were entered into a spreadsheet and graphically analyzed. 

3. The Science Applications International Corporation (SAIC) was contracted to 
collect data on commercial laundry facilities and on currently available advanced 
laundry equipment. 

4. SAIC developed models of laundry facilities of the size and type required by 
DOD. These models provided the basis to compare conventional DOD laundries 
with commercial facilities using advanced laundry technologies. 

5. Based on these comparisons, recommendations were formulated for modernizing 
DOD laundry facilities to achieve efficiencies in production, energy use, labor, 
and utility consumption comparable to those in the commercial sector. 

Scope 

The information gathered in this study applies specifically to DOD laundry facilities. 
However, the results of this evaluation may also be helpful in equipment selection and 
operation, and in determining the real potential for utility (energy, water, and sewer) 
and cost savings in Veterans' Administration and commercial laundry facilities. 
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Metric Conversion Factors 

Metric conversion factors for the U.S. standard units of measure used in this report are 
given below: 

1 cuft = 0.028 m3 

1 gal = 3.78 L 

11b = 0.453 kg 

1 psi = 6.89 kPa 

°F =  (°Cx1.8)+32 
1Btu = 2.928 xlO-4 kilowatt hr 
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2   DOD Laundry Facilities 

Typical Plant Overview 

In the typical laundry facility (Figure 1*), items are unloaded and then sorted into 
batches of similar goods. The batches of laundry are then washed in a single-batch or 
a continuous-batch washer. After the wash cycle is complete, excess water is extracted 
from the batch. The extraction process can be performed in the washer or in a 
separate piece of machinery known as an extractor. In the extractor, the goods are 
either spun or squeezed to drive out excess water before drying. After extraction, the 
batch is taken to a dryer for additional water removal. The tumbling action of the 
dryer also loosens and fluffs the laundered items. After drying, items of clothing are 
usually pressed and flat work, such as towels and linens, are ironed and folded. The 
laundering process can be automated so that laundry workers only load the soiled 
goods onto a conveyor after sorting, program the laundry cycle, and transport the 
cleaned goods from the dryer to stations for pressing, ironing, and folding. 

The typical DOD laundry plant includes rows of washer-extractors, dryers, and presses 
as well as two flat work ironers. Batches are transported between the stations in the 
laundry plant in laundry carts, on conveyors, and on overhead rail systems. Steam is 
often used to supply heat to the presses and ironers and to heat water for the washers. 
Dryers are often direct-fired gas units, but steam and electricity are sometimes used 

to provide heat in dryers. 

Participating Installations 

Table 1 lists the installations that participated in the DOD Laundry Plant Energy 
Efficiency Improvement Study and the type of laundry operation at each installation. 

Table 1 documents a movement by DOD installations to contract laundry operations. 
Cuts in funding for facilities' maintenance and personnel often make it appear easier 
for a facility to monitor a contract for laundry operations than to actually run the 

* All figures are included at the end of their corresponding chapters. 



USACERL TR 95/33 13 

laundry facility. The uncer- 

tainty for many base laundries 

was discussed by Claude Rudd, 

Laundry and Dry Cleaning 

Specialist at Fort Lee, VA, in 

an interview published in 

Laundry News (September 

1993): 

The Army will con- 
tinue to look at and 
study the most cost- 
effective method of 
laundering and proces- 
sing goods on each in- 
dividual facility. They 
will attempt to deter- 
mine whether it is 
economically feasible 
to continue operating 
those facilities as they 
have been. 

However, the Veterans Admin- 

istration has conducted many 

cost comparisons on its laundry 

facilities and has shown that it 

is usually cheaper to maintain 

in-house operations than to pay 

for contracted service. 

'In at least 95 percent 
of the cases, we win 
out in the cost compar- 
isons by a pretty sig- 
nificant margin,' said 
Gerard Schroko, direc- 
tor of the A-76 pro- 
gram in the VA's De- 
partment of Opera- 
tions (Laundry News, 

February 1993, pi). 

Table 1. DOD installations participating In the DOD laundry 
ilant energy efficiency improvement study. 

Installation Type 

Eglin AFB, FL f GOGO* 

Fitzsimmons AMC, CO COCO" 

Fort Bliss, TX f GOGO 

Fort Bragg, NC COCO 

Fort Campbell, KY t GOCO"* 

Fort Dix, NJ t GOCO 

Fort Eustis, VA COCO-GOGO 

Fort Gordon, GA t GOCO 

Fort Hood, TX t GOGO 

Fort Huachuca, NM t GOCO 

Fort Jackson, SC t GOCO 

Fort Knox, KY t GOCO 

Fort Leavenworth, KS GOGO 

Fort Leonard Wood, MO GOCO 

Fort Lewis, WA GOGO 

FortOrd, CA COCO 

Fort Polk, LA t GOCO 

Fort Richardson, AL GOCO 

Fort Riley, KS GOCO 

Fort Rucker, AL GOCO 

Fort Sam Houston, TX GOGO 

Fort Stewart t GOCO 

Great Lakes NTC, IL t GOGO 

Jacksonville NAS, FL t GOGO 

Orlando NTC, FL t GOGO 

Presidio of SF, CA GOCO 

Walter Reed AMC, DC t GOCO 

West Point, NY t GOCO 

*   Government-owned, government operated 
**   Contractor-owned, contractor-operated 

***   Government-owned, contractor-operated 
t  Site visited by researchers 
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Nevertheless, DOD laundry managers expressed a strong commitment to providing 
quality, timely service to their customers. Installation laundry personnel contacted 
for this study volunteered much needed data and willingly provided tours of their 
plants and overviews of the operations. 

DOD Laundry Data 

Survey data revealed some anomalies that proved it difficult to identify specific trends 
in utility (electricity, natural gas, oil, water, sewage) usage and cost. For example, 
varying utility rates directly contribute to variances in facility operating expenses. 
However, utility use is often not metered at the installation laundry. Instead, the 
utility consumption and bills were estimated from formulas several years old that no 
longer accurately reflect current utility consumption due to changes in equipment 
efficiency, operational procedures, base-wide utility use, and annual production. 

Figure 2 shows the total energy consumption (MBtu/yr) for 15 installations by total 
production (pieces per year). Figure 3 shows the total energy cost ($/yr) for these 
installations, again arranged by total production. Figure 4 (electric energy), Figure 5 
(nonelectric energy), and Figure 6 (total energy) show the expected general trend of 
energy consumption increasing as production increases. Nonelectric energy 
consumption is the sum of natural gas, oil, and steam consumption for each facility. 
Figures 2, 5, and 6 show that nonelectric energy consumption is much more significant 
(from 88.0 to 98.4 percent) than electricity consumption in DOD laundries. The 
variability of the data demonstrates the need for precise metering and recording of 

energy consumption at DOD facilities. 

Figure 7 (electric energy), Figure 8 (nonelectric energy), and Figure 9 (total energy) 
show normalized energy consumption on a per-pound basis plotted against annual 
production. The scatter in the energy consumption data on these three plots indicates 
varying rates of energy consumption, normalized per pound of laundry processed, 
among similarly sized laundry facilities. These survey results reinforce the need for 
improvements in energy consumption monitoring and equipment modernization efforts 
in DOD facilities. Note that the increase in energy consumption per pound of laundry 
processed for small facilities is not unexpected due to the effect of economies of scale. 
Additionally, the scattered data makes it difficult to develop a reliable model for 
predicting laundry facility energy consumption. 

Figure 10 (electric energy cost), Figure 11 (nonelectric energy cost), and Figure 12 
(total energy cost) show a significant degree of variability in the cost of utilities for 
similarly sized facilities throughout DOD, attributable to differences in equipment, 
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energy consumption monitoring, and local utility rates. Electric energy costs ranged 
from 7.7 to 38.4 percent of total energy expenditures in DOD laundries. Figure 13 
shows the general trend of annual water consumption increasing with annual 
production for the DOD facilities. Normalized water consumption (Figure 14) shows 
that DOD laundry facilities use approximately 5 gal of water per pound of laundry 
processed regardless of annual production. Figure 15 reveals the effect of varied utility 
rates on annual water cost. Some of the facilities' utility costs are based on metered 
billing while others' are billed as a percentage of total consumption for the entire 
installation. Sewage production (in gallons) is approximately 20 percent lower than 
water consumption. This is largely due to water loss during drying and from steam 

leaks. 

The number of laundry personnel per million pounds of laundry processed for the DOD 
facilities (Figure 16) indicates that smaller plants may require more operators than 
large plants. The need for more employees in smaller plants may be due to the fact 
that larger facilities are able to employ labor-saving technologies, such as continuous 
batch washers, that the smaller plants cannot support. Efforts to implement meters 
and accurately monitor utility consumption in DOD facilities could result in energy 
savings (and cost reductions) by revealing inefficient processes that cannot be 
identified without utility consumption data. Appendix B (Tables B3 and B4) give the 
data plotted in Figures 2 through 16 in spreadsheet form. 

Commercial Laundry Data 

Results from a late 1992 survey of commercial facilities were furnished by the Uniform 
and Textile Service Association.* The consistent nature of the commercial laundry 
data indicates acquisition of the data via a more precise system of utility consumption 
monitoring than exists in the DOD due to the fact that the commercial laundry 
facilities must operate economically and remain competitive in the marketplace. 
Though annual utility costs were not included in the commercial laundry data set, it 
is obvious that the commercial facilities must pay similar rates to DOD facilities for 
their utilities, with rates varying with location. Figures 17 through 20 show 
commercial laundry data for normalized consumption of electricity, nonelectric energy, 
total energy, and water. Figure 21 gives the number of laundry personnel per million 
pounds of laundry processed for the commercial facilities. The next section compares 

the commercial and DOD laundry data. 

(Formerly [1993] the Institute of Industrial Launderers), 1730 M St. NW., Suite 610, Washington, DC 20036, tel. 
202/296-6744. 
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Comparison of Commercial and DOD Laundry Data 

The surveys of 22 commercial laundries and 21 military laundries yielded data that 
included annual energy consumption, annual water consumption, and number of plant 
personnel. Survey results for the military facilities were obtained by USACERL. 
These data are for the entire physical plant of the laundry facilities and therefore 
include energy used for building lighting, domestic water heating, heating, and cooling. 
A search for facilities having data limited specifically to equipment was unsuccessful. 
Rarely, if ever, is any of the equipment individually metered. Appendix C summarizes 
the efforts undertaken to acquire commercial facility data and includes a copy of the 
commercial laundry survey form. 

Data from the commercial laundry surveys were entered into a spreadsheet for 
analysis. Electricity use, nonelectric energy use, water use, and the number of 
personnel employed were examined as a function of production. Resource use was 
normalized on the basis of the amount of laundry processed (per pound). Appendix B 
(Tables Bl and B2) include the spreadsheet data and computational results. For each 
quantity analyzed, the scatter in normalized use is too great to show any significant 
trend with production rate. Commercial and military facility resource use were 
compared based on average values. The military facilities with the two lowest 
production rates (facilities P and Q) as well as military facility D, with a production 
rate near the low end of the range, all show much higher consumption than the 
remaining military facilities. A similar result applies to the commercial facility with 
the lowest production rate, facility DGA. In the sections that follow, graphs of the 
results for all the facilities are presented, followed by graphs of results for all facilities 
except the "high value" facilities discussed above (P, Q, D, and DGA). The elimination 
of the high value data allows the use of an expanded scale for the ordinate of the 
graph, thereby providing better resolution to the plotted results. 

Electricity Use 

Figure 22 shows the reported electricity use. The weighted average of the electricity 
use of the military facilities is 0.137 kWh/lb, 11 percent higher than the 0.123 kWh/lb 
for the commercial facilities. The electricity consumption is below 0.4 kWh/lb of goods 
laundered for all but three facilities, military facilities P and D, and commercial 
facility DGA. Figure 23 shows the electricity use of all facilities with electricity use 
rates below 0.4 kWh/lb. The weighted average of the electricity use of these military 
facilities is 0.105 kWh/lb, 12 percent lower than the 0.119 kWh/lb for the commercial 

facilities. 



USACERL TR 95/33 17 

Nonelectric Energy Use 

The nonelectric energy is the sum of the energy content in natural gas (1000 Btu/scf), 
oil (145,000 Btu/gal) and steam (1000 Btu/lb). Steam use is not reported for the 
commercial facilities. However, it seems unlikely that any of the commercial facilities 
would purchase steam from an external source. Rather, they would generate their 
required steam internally from purchased natural gas- or oil-fired boilers, so that any 
steam energy use would be included in the reported fuel use. Five military facilities 
report purchased steam use in addition to natural gas and/or fuel oil. Only one 
commercial facility reports any oil use as opposed to five military facilities. 

Figure 24 shows the reported nonelectric energy use. The weighted average of the 
nonelectricity energy use of the military facilities is 8.67 kBtu/lb, 160 percent higher 
than the 3.34 kBtu/lb for the commercial facilities. The nonelectric energy consump- 
tion is below 20,000 Btu/lb for all but two facilities, military facilities P and D. 
Figure 25 shows the nonelectric energy use of all facilities with use rates below 
20 kBtu/lb, except commercial facility DGA. Commercial facility DGA is excluded from 
the results so that the same facilities are represented as in the other "expanded scale" 
graphs. The weighted average of the nonelectric energy use of these military facilities 
is 7.48 kBtu/lb, 129 percent higher than the 3.27 kBtu/lb for the commercial facilities. 

Total Energy Consumption 

The total energy is the sum of the energy content in natural gas (1000 Btu/scf), oil 
(145,000 Btu/gal), steam (1000 Btu/lb), and Electricity (3413 Btu/kWh). Figure 26 
shows the total energy use. The weighted average of the total energy use of the 
military facilities is 9.14 kBtu/lb, 143 percent higher than the 3.76 kBtu/lb for the 
commercial facilities. The total energy consumption is below 25,000 Btu/lb for all but 
two facilities, military facilities P and D. Figure 27 shows the total energy use of all 
facilities with use rates below 25 kBtu/lb, except commercial facility DGA, which is 
excluded from the results so that the same facilities are represented as in the other 
"expanded scale" graphs. The weighted average of the total energy use of these 
military facilities is 7.84 kBtu/lb, 114 percent higher than the 3.67 kBtu/lb for the 

commercial facilities. 

Water Use 

Figure 28 shows the reported water use. The weighted average of the water use of the 
military facilities is 5.35 gal/lb, 101 percent higher than the 2.66 gal/lb for the 
commercial facilities. The water consumption is below 10 gal/lb for all but two 
facilities (military facility D and commercial facility DGA). Water consumption data 
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for military facility P was not available. Figure 29 shows the water use of all facilities 
with use rates below 10 gal/lb. The weighted average of the water use of these military 
facilities is 3.62 gal/lb, 40 percent higher than the 2.58 gal/lb for the commercial 
facilities. 

Comparison With Other Data 

The results of surveys of "four large chain companies" were reported in Textile Rental 

(June 1992, pp 28-32). Appendix D includes a copy of this and other articles of 
interest. The results were aggregated by region into "north" and "south," so as not to 
reveal the identity of the individual companies or facilities. A comparison of results 
from 1991 with those from 1984 showed "a significant reduction in natural gas/fuel oil 
use and water consumption" and that "use of electricity has increased slightly." 

Figure 30 shows the average electricity consumption results of the Textile Rental 

surveys and the surveys analyzed in this study. The averages of all facilities analyzed 
here are labeled "All" and the expanded-scale averages, excluding the "high value" 
results from the commercial and military data, are labeled "Reduced Set." Similarly, 
Figure 31 shows the average nonelectricity consumption results of the Textile Rental 
surveys and the surveys analyzed here; Figure 32 gives the average total energy 
consumption results. Figure 33 shows the average water consumption results. The 
weighted average electricity consumption of the commercial and military facilities 
analyzed here are higher than the average electricity consumption reported for 1991 
in the Textile Rental article. The weighted average nonelectric energy consumption 
of the commercial facilities analyzed here ranges from 3.27 kBtu/lb to 3.34 kBtu/lb, 
which falls within the range of the average fuel consumption reported in the Textile 
Rental article (3.06 kBtu/lb to 4.54 kBtu/lb). The weighted average nonelectric energy 
consumption of the military facilities analyzed here ranges from 7.48 kBtu/lb to 
8.67 kBtu/lb, more than double the nonelectric energy consumption of the other groups 
shown. Similarly, the weighted average total energy consumption of the military 
facilities analyzed here ranges from 7.84 kBtu/lb to 9.14 kBtu/lb, more than double the 
total energy consumption of the other groups shown in recent years. The weighted 
average water consumption for the commercial facilities analyzed here is within the 
range of the average water consumption reported in the Textile Rental article, while 

that of the reduced set of military facilities is higher by a factor of about 1.5. 

Personnel 

Figure 34 shows the reported number of personnel. The weighted average of the 
number of personnel for the military facilities is 13.97 per million pounds, 76 percent 
higher than the 7.94 per million pounds for the commercial facilities. The number of 



USACERL TR 95/33 19 

personnel is below 40 per million pounds of goods laundered for all but three facilities, 
military facilities P and Q, and commercial facility DGA. Figure 35 shows the number 
of personnel of all facilities with personnel rates below 40 per million pounds. The 
weighted average of the personnel use of these military facilities is 12.70 per million 
pounds, 65 percent higher than the 7.71 per million pounds for the commercial 
facilities. 

Summary 

To summarize, the total energy consumption of the commercial facilities considered 
is significantly lower than that of the military facilities studied. The nonelectric 
energy consumption of the military facilities is much greater than that of the 
commercial facilities, while the electric energy consumption of the military facilities 
is slightly lower than that of the commercial facilities. This result is not surprising, 
since the commercial facilities use more advanced technologies. The implementation 
of advanced technologies and electronic control mechanisms can significantly reduce 
consumption of nonelectric energy, but requires slightly more electricity to operate. 
Automated systems also require fewer operators. In this instance, increasing 
electricity consumption by a small percentage yields a significant payback via 
conservation of other energy sources, water, and labor. Military facilities can become 
more cost-effective in their operation and duplicate the performance of commercial 
facilities by implementing advanced technologies. 
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Figure 1. Typical laundry plant layout. 
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Figure 3. DOD laundry facility annual energy cost. 

Figure 4. DOP laundry facility electricity consumption (kWh/yr). 
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Figure 5. DOD laundry facility nonelectric energy consumption (MBtu/yr). 

Figure 6. DOD laundry facility total energy consumption (MBtu/yr). 



USACERL TR 95/33 23 

l.b- 

1.4- 
*—* 

i1-2' 
M 
ö     1- 

1 1 0.8- 

|0.6- 

8 0.4- 
w 

0.2- 

_ 

■ 

M 

"                          M 

- 
0- 

0 '         2        '         4        '         6        '         8 
13                 5                 7 

Production (million lb/yr) 
(Millions) 

"       10 
9                11 

Figure 7. DOD laundry facility electricity consumption (kWh/lb). 

Figure 8. DOD laundry facility nonelectric energy consumption (kBtu/lb). 
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Figure 10. DOD laundry facility electricity cost ($/yr). 
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Figure 11. DOD laundry facility nonelectric energy cost ($/yr) 
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Figure 12. DOD laundry facility total energy cost ($/yr). 
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Figure 13. DOD laundry facility water consumption (gal/yr). 

Figure 14. DOD laundry facility water consumption (gal/lb). 
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Figure 15. DOD laundry facility water cost ($/yr). 

Figure 16. DOD laundry facility personnel (number/million lb processed). 
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Figure 18. Commercial laundry facility nonelectric energy consumption (kBtu/lb). 
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Figure 19. Commercial laundry facility total energy consumption (kBtu/lb). 

Figure 20. Commercial laundry facility total water consumption (gal/lb). 
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Figure 22. Electricity consumption comparison. 
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Figure 23. Electricity consumption comparison, expanded scale. 
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Figure 25. Nonelectric energy consumption comparison, expanded scale. 
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Figure 26. Total energy consumption comparison. 
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Figure 27. Total energy consumption comparison, expanded scale. 
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Figure 29. Water consumption comparison, expanded scale. 
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Figure 31. Nonelectric energy consumption. 
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Figure 32. Total energy consumption. 
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Figure 34. Personnel comparison. 
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3  Technology Review 

Conventional Technologies 

Unloading Batch Washers 

An unloading batch washer washes and rinses one batch of laundry at a time. After 
washing, the batch must be removed and transferred to an extractor to continue the 
process. Many units can be tilted to permit easier loading and unloading. Modular 
installation is common since it permits simultaneous processing of different types of 
goods with various degrees of soiling. 

Batch Extractors 

An extractor removes most of the water from a freshly washed batch of laundry before 
the laundry goes to the drying or finishing stages. Various methods of extraction may 
be used, such as spinning to force the water out by centrifugal force, squeezing in a 
flexible container, or compressing with a hydraulically or pneumatically operated 
piston in a porous cylindrical container. Loads from more than one washer can be 
combined in the extractor operation, and loads from more than one extractor can be 
combined in the drying operation. Figure 36 shows a centrifugal extractor. 

Washer Extractor 

A washer extractor combines the washing and extracting operations into a single 
machine similar to a household automatic washing machine. Extraction is accom- 
plished by spinning. Multiple speeds are available in both the wash and extraction 
operations to accommodate fabrics of varying delicacy. Many units can be tilted to 
permit easier loading and unloading. Modular installation is common, permitting 
flexibility in handling different types and amounts of loading. Loads from more than 
one washer extractor can be combined in the drying operation. Figure 37 shows a 
sample washer extractor. 
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Dryers 

Dryers provide the final drying to the laundry before the finishing and ironing stages 
by blowing a hot gas mixture through a rotating drum (tumbler) containing the goods 
to be dried. Heat for drying can be provided directly by combustion of natural gas, or 
indirectly with a fluid such as steam, hot water, or a thermal fluid. In a direct-fired 
dryer, the hot exhaust gases from the combustion process are blown through the dryer. 
In an indirect system, a heat exchanger is employed to transfer heat from the fluid to 
the hot air blown through the dryer. Figure 38 shows a tumbler dryer. Where further 
drying beyond extraction is not required, dryers may be used without heat as 
tumblers, to loosen and fluff caked goods. 

Energy reducing features used in dryers include exhaust gas recirculation, exhaust gas 
economizers, automatic detection of exhaust humidity to shut off the dryer when goods 
are sufficiently dry, insulation of the entire unit to retain heat in the dryer, and 
gravity unloading instead of pneumatic unloading with hot drying air. The lower limit 
of energy use for a dryer system employing all of these energy conservation features 

is about 1700 Btu/lb of water removed. 

Flat Work Ironers 

Flat work ironers are used to press flat goods such as bed linen, tablecloths, towels, 
etc. The main components of a flat work ironer are the chest(s) and the roller(s). The 
chest has a highly polished steel surface formed to the contour of the roller, and is 
hollow to admit steam or a thermal fluid to heat the polished steel surface to the 
proper temperature for drying and ironing. The roller is made of a perforated steel 
cylinder and is covered with a porous, heat-resistant padding and cloth. Ironing is 
accomplished by rolling the goods with the roller against the heated polished steel 
surface. The water removed from the goods is drawn to the inside of the hollow roller 
and exhausted out the end. In comparison with the handheld household flatiron, the 
roller thus performs the function of the ironing board while the heated steel surface 
performs the function of the iron. Figure 39 shows a flat work ironer. 

Steam-heated ironers operate at maximum pressures of about 125 psia, which limits 
the temperature of the ironing surface to about 300 °F. Thermal fluid ironers can 
operate at higher temperatures, (about 400 °F) and can therefore be run at higher 
speeds. At the higher temperatures, more accurate control is needed to avoid 
scorching the goods. Both steam and thermal fluid are recirculated to the boiler or 

heater for reuse. 
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Presses 

Presses are used to iron irregularly shaped goods such as shirts, blouses, and pants. 
The main components of a press are the buck and the head. The head has a highly 
polished steel surface formed to the contour of the buck, and is hollow to admit steam 
or a thermal fluid to heat the polished steel surface to the proper temperature for 
drying and ironing. The buck is a padded form on which the item to be pressed is 
placed. In comparison with the hand-held household flatiron, the buck performs the 
function of the ironing board while the head performs the function of the iron. 

Utility presses have bucks that resemble household ironing boards, with flat or slightly 
rounded pressing surfaces. The head is contoured to match that of the buck. The 
garment is placed on the buck, and the head is pressed into contact with the garment. 
Figure 40 shows a utility garment press. 

Shirt and blouse presses use a standing buck, which is dressed with the garment, and 
the chest closes in around it. Bucks come in different sizes and shapes that are 
interchangeable in the press. The inside of the buck may be pressurized with 
compressed air to stretch the garment to a smooth shape during the pressing 
operation. A porous buck and heated air may also be employed so that the hot air 
flowing through the garment speeds up the drying process. Figure 41 shows a double 
buck press. 

Material Handling Systems 

Material handling systems perform multiple functions of sorting, storage, and 
transportation of goods between the various stages of the laundering process. Material 
handling systems range from fully manual to fully automated. In general, as the 
degree of automation increases, the energy (electricity) requirement increases while 
the labor (number of personnel) requirement decreases. Manual systems typically 
consist of canvas laundry carts that are manually loaded, unloaded, and wheeled from 
station to station. The process is automated with conveyors, rails, and pneumatic 
tubes, either singly or in combination. 

Conveyors can be used to transport goods to and from washers, extractors, dryers, and 
finishing systems. Loading and unloading can be automated through various schemes, 
including providing loading hoppers on tops of the machines and tilting machines to 
permit emptying by gravity. Figure 42 shows material handling systems featuring 
carts and conveyers. 
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Rail systems reduce required floor space by carrying goods overhead in slings. Slings, 
which remain as a unit throughout the washer-extractor-dryer process, are porous 
bags containing sorted loads of goods. This provides a convenient sorting, storage, and 
transportation system. If goods must be temporarily stored because of lack of machine 
availability, they can be kept at ceiling level, which does not interfere with personnel 
access to the operation. Empty slings are collapsed for storage, reducing the required 
rail space to a minimum. Rail systems are generally the most energy efficient of the 
transportation systems. 

Pneumatic tubes, or negative air systems, are used for automatic transport from the 
delivery truck to the initial sorting and dispatching area and from the sorting area to 
the washer. When used from sorting area to washer, there is generally a "buffer" 
storage box of one-load capacity, which serves to minimize washer loading time. In 
these systems a large (25 to 60 hp) blower is used to pull the goods through a 
cylindrical duct to a screen box for sorting. Negative air systems are not particularly 
energy-conserving; their primary advantage over other transport systems is in lower 
first cost, installation cost, and maintenance cost. Most negative air systems are semi- 

automatic. 

Advanced Technologies 

Ozonation 

The use of ozone for laundry cleaning is one of the most recent developments in the 
industry. The ozone-based process was developed to provide a viable cleaning method 
for space applications where a limited supply of resources was available to the 
astronauts. The process involves creating and injecting an ozone-air mixture into the 
wash fluid. The ozone enhances the cleaning process in several ways. The ozone 
oxidizes calcium and magnesium ions and contributes to the oxidation of organics to 
a more soluble state, promoting precipitation of the organic oxide. Washwater is 
recirculated through the ozone generator during the wash cycle. Overall, the action 
of the ozone extends the life of the detergent, decreases the amount of detergent 
needed, reduces the demand for water, and shortens the wash cycle time. The 
reduction in quantities of water and chemicals used in the wash cycle leads to a 
reduction in the amount of wastewater produced and a decrease in sewer expenditures. 
The use of extra electricity to operate the ozone generator is offset by the decrease in 
wash cycle time and hot water consumption. Wash cycle energy cost savings of 18 
percent and chemical savings of nearly 30 percent have been predicted for systems 

using the ozone process. 
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Industry studies (Institute of Industrial Launderers [IIL] Ozone Washing Task Force, 
1992) have shown that the use of the ozonation process may result in a reduction of 
chemical use, water consumption, and wash time while sacrificing a varying degree of 
cleaning capability (depending on the type of soil in the fabric). Studies also 
demonstrated that ozone cleaning did not exhibit any adverse effects on color 
retention. It has been noted, however, that ozone may accelerate the fading of some 
fabrics, such as dyed acetate fabrics. Also, fabric strength was not significantly 
affected during the ozone cleaning tests. Additional studies to investigate the effect 
of varying concentrations of ozone on the cleaning process have been planned by 
various organizations. 

Ozone is also useful in removing odors from fabrics. The odor-causing substance is 
neutralized via oxidation by the ozone molecules. Everyone working with ozone 
systems must be cautious, because concentrations as low as only one part per million 
have toxic effects on humans. Symptoms of exposure to ozone include headache, dry 
throat, irritation of respiratory passages, and burning eyes. Exposure to extremely 
high concentrations of ozone can be lethal. Ozone, though colorless, can be detected 
by sensors and has a distinct odor detectable to humans. Workers should evacuate the 
area when dangerous levels of ozone are present. 

Microwave Dryers 

The success of microwave technology for cooking created interest in the possibility of 
microwave drying. The process of using microwaves for drying fabrics has been, and 
continues to be, tested to determine its effectiveness, efficiency, and safety. Initial 
tests revealed problems with heating and arcing of metal (snaps, zippers, buttons, 
rivets), which damaged the fabric being dried and presented the possibility of ignition. 
Subsequent testing has shown that a drying process involving microwaves and heated 
air may be more efficient than conventional drying. Also, drying with microwave 
energy occurs at a lower temperature than conventional drying, allowing the consumer 
to dry delicate fabrics without shrinkage or other damage. The problem of arcing and 
overheating certain materials may be eliminated by controlling the intensity of the 
electric field strength in the dryer. Near the end of the drying cycle, the field strength 
in the dryer increases as the humidity level decreases, causing an increase in the 
possibility of overheating materials in the dryer. Incrementally decreasing the power 
from the microwave emitters as the humidity of the exit air decreases near the end of 
the drying cycle would, conceivably, lessen the possibility of overheating and arcing. 

The production of microwave dryers for general use will be feasible when the 

overheating and arcing problems have been solved. 
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Continuous Batch Washers 

In a continuous batch washer (CBW), each step of the wash/rinse process takes place 
in a separate module of the machine. The goods are automatically transferred between 
the modules on the appropriate schedule. The amount of chemicals and water added 
to each module is controlled by a preprogrammed microprocessor. The laundry 
operator must enter the programming code for the type of goods being laundered 
(whites, colors, towels, etc.) and the machine then washes the batch. Since the 
modules operate simultaneously, several loads of goods can be in different stages of the 
process at the same time. Time savings occur because the CBW operates continually, 
with one batch following directly after another through the modules, eliminating the 
necessity of waiting for draining and refilling a single cylinder as in the case of a 
conventional batch washer. Clean water is fed to the machine at the final rinse 
module, and then is transferred through the row of modules in a "counterflow" 
direction to the goods. This ensures the cleanest possible goods at the end of the 
process. Water is recycled through the system to extend the life of the chemicals, 
reduce water consumption, and reduce energy requirements for water heating. CBWs 
use less water and energy than batch washers. Figure 43 shows a CBW schematic. 

CBWs are used in laundry plants today in Europe, North America, and elsewhere. The 
process was developed to accommodate energy, water, and labor problems experienced 
in Europe. Environmental restrictions, water and energy shortages, and increases in 
the cost of energy, water, and labor have created a need for more efficient laundry 
systems throughout the world. CBWs answer the need for more efficient, less costly, 
and reliable equipment technology. The quality of cleaning occurring in a CBW is 
equal to or better than that achieved in a conventional batch washer. In most, if not 
all, CBW installations, the goods are automatically transferred through the entire 
laundering process to the final finishing stages. Labor savings occur because the only 
labor required is to load the CBW feeder and enter the proper programming code. 

Thermal Fluid Systems 

Thermal fluid systems provide an alternative to steam/hot water systems for providing 
thermal energy. Flat Work ironers are the most common application of thermal fluid 
systems in laundry facilities. These systems may also be used to provide energy for 
heating water, presses, and air (space heaters and dryers). The thermal fluid systems, 
when properly operated, require less maintenance than steam systems and may be 
more energy efficient due to the elimination of losses associated with steam blowdown, 
deaeration, and trap leaks. Corrosion problems common to steam systems are not 
present in thermal fluid systems. Thermal fluid systems do not require steam traps, 
water treatment chemicals, or deaeration. Thermal fluid spills or leaks are treated 
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like lubricating oil leaks and the thermal fluid can be combined with used oils for 
recycling. Steam systems are usually operated at temperatures as high as 350 °F and 
a pressure of 125 psi while thermal fluid systems can safely operate at temperatures 
as high as 450 °F near atmospheric pressure. A small amount of pressure is created 
by the pump that circulates the fluid. Thermal fluid systems can use a cold-sealed 
expansion tank or inert gas blanketing to prevent oxidation of the fluid. Safeguards 
should also be taken to prevent degradation of the fluid via overheating, especially 
during equipment shutdowns or power failures. Oxidation and degradation of the fluid 
will decrease the system's performance and could even damage the system. A licensed 
operating engineer is required in many states by operations employing high pressure 
steam systems. The thermal fluid systems usually do not require a licensed operating 
engineer, a factor that significantly reduces labor costs. 

Direct Contact Water Heaters 

In a fuel-fired (as opposed to electric) water heater, water is heated from the hot 
exhaust gases of the fuel combustion process. In a conventional heater, the water and 
exhaust gases are physically separated by some configuration of solid walls (e.g., shell- 
and-tube, fire-tube, or water-tube). In direct contact water heaters, the water is placed 
in direct contact with the exhaust gases. The contact occurs in a packed tower 
configuration, in which the water is injected at the top of the tower (typically through 
spray nozzles or a ring-type manifold) with the exhaust gases flowing upward through 
the packing. As thin films of water trickle down the packing, they pick up heat 
through direct contact with the rising exhaust gases. The direct contact heat transfer 
process is very efficient, with the exhaust gases typically at a final exit temperature 
within 20 °F of the entering water temperature. At the low exhaust gas exit 
temperature, the water vapor in the exhaust gases has been condensed and added to 
the water supply—an additional bonus. Efficiencies greater than 99 percent are 
claimed. Figure 44 shows a sample direct contact water heater. 

In steam-generation boilers, a direct contact heat exchanger having essentially the 
same configuration as the direct contact water heater described above can be used in 
the exhaust stack to preheat the boiler feed water. In a well-tuned boiler, this can 
decrease the fuel requirements by 20 percent compared to a system with no exhaust 

heat recovery. 

Waste Water Heat Recovery and Rinse Water Reuse 

In a wastewater heat recovery system, thermal energy in the wastewater from wash- 
and-rinse operations is used to preheat the incoming supply water. This is accom- 
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plished with a liquid-liquid heat exchanger located between the water supply and 
wastewater lines. 

Rinse water reuse can also be incorporated with waste heat recovery to reduce water 
usage. In this system, relatively uncontaminated final rinse water is collected and 
reheated for use in the first washing stages of operation. The amount of reusable 
water available depends on the type and level of soiling in the laundry. Typical water 
savings range between 20 and 30 percent. Filters are included to removed solid 
contaminants from the reclaimed rinse water. If a plant already has a wastewater 
heat recovery system, no additional energy savings are provided with a rinse water 
reuse system. 

Companies/Organizations 

Table 2 lists manufacturers of various types of laundry equipment. Table 3 lists 
resource use requirements for washers and extractors. Table 4 lists resource use 
requirements for dryers, flat work ironers, and presses. Manufacturers should be 
contacted directly for updated laundry equipment, specifications, and product 
availability. 



46 USACERL TR 95/33 

M 

E 
ft suiajsAs J)v SAiieBsN S 

CO   >» 

'= W 
S a» 
CD   C 
a* suiatsAs ioAsAuoo 

c ffi 
X 

IsuiajsAs neu S S S s s 

SSSSSJd S S S 

siuajsAs HJOM »Bid \ S s s 

S33|A3a 

AieAooay ABJSUB 
S \ % s 

S33IA30 

CO 
UO|P3||03 iun 

S s s S S 

£ 
a 

0UP3|3 s S S 

piri|j IBIUJ3M1 
s s s S s s s s 

iuieais -SBO 

AJ3A033U A6J3U3 
S s s 

c 
0) 
E 

431BM 3»SBM 

sjojoeijxg ijojeg 
3 isjaqsBM qoieg 

s s s S s 

UJ 

E 
o 

CE sjopejp<3 jdqseM s s s s 
£ 
CO 
CD 

s 
SUISISAS (M90) J31JSBM 

s \ s \ 
ipjeg snonujiuoQ 

swstsAs 6u|iJos s s s 

)U3iudinb3 

BU!)B3H J3)BM 
s s •» 

2 
& 
3 
U 
IB 
"5 
c 
(0 
E a 
** 
c 
0) 
E 
Q. 'S CO 

3 

a> 

? 
■o 
c 
3 
ffi 
_l 

OJ 
0) 
.a 

0) 

E 
<0 
z 
> 
c 
a 
a 
E 
o 
o 

ffi 
£• 
Q 
c 
to 
.2 
o 
E < 

£- 
CD 
c 

1c 
CO 

2 
£• 

■o 
c 
n 
_i 
c ra 
.0 

5 
E < 8 

'S 
CO 
03 
CD 

a. 
ffi 
5 
o 
o 

CD 

c 
3 
CO 

CD 

< 
cd 

a) 
c 
1c 
u 
CO 

5 
& 
•a 
c 
CO 
_l 1 

CO 

E 

s. 
en 

c 

CO 
'c 
LL 

C 
a> 
O 

c 

u 
JO 

C 
CO 

5 

w 
Ü 

o 
(A '> 
b 
CO 

E ffi 
s. 
0) 

ü 
c 
CO ffi 
O 

c 
ffi 
CD 
C 

'S 
c 
UI 

CO 

LU 

8 
c ffi 
ffi 
c 
UJ 

B 
c 
CD 

CO 

p 
n 
c 

Ö 

ffi 
X 

c ffi 
CO 
c ffi 
-3 

CO 

E 
CD 

& 
03 
o u 
E 
2 

o 
CD 

1 CO 
_J 

a 
2 

ffi 
n 
_j 

o 
c 
2 
c 
ffi 
ffi 

Q. 

§ c 
o 
Ü .*: 
o 
0) 

l 
CO 

.§ 
< 
o 
O) 
c 

1 c 
'ra 
c 

UJ 

o3 

CO 
CO ffi 
a 
c 
3 

a. 
O 

c5 

UJ 

O) 
c 
c 

a) 
(A 

1 

c 
o 
to 
E 
o 
3 < 
B 
IE 

5 



USACERL TR 95/33 47 

SMI3 UL 
o 

O 

2 O 
o IT) o m 

o o ^* y~ >, 
a 

Ajpunen iu|jg CM X) 
CO 

il £ 
S- « 
ui XI 

J= 
O lessed ewiaog CM 

"5 
ffi 

CO 
CD 

3 O in o m in 
O ^ T— ^~ 

Ajpunen UBOuamv I- 5! 
CD 
a. 
E 
CD o o in o 

o ■* CO t^ *■* 

SMI3 
CM 

o 
1^ 

CD 
XI 

CO O o in o 12 o t CO r^ w 
a> Ajpunen uiug CM 

o 
CO 
k_ 

(0 
«0 
5 

i^ o 

15 o 
£ P-* o 
O tessed amaog 1 o 

1^ 
Q. 
4^ 

ffl CO 
o o h-; o m o o in in 
o ■«J- CM CO h- CD CM ^~ 

Ajpunen UBOjJdiuv 
CM 

6 
CO -a 

3 

O o T_ in o *~ 
in in CM CO f~- o 

OBIBABH ■* 

6 X) 

E 
CO 
CD 

to § o m in in 
CO 

o to 

2 6U|)|U8S /X911SBM 
CO 

d 
T~ "B o i*- ■*-■ XI o 

2 
S 
UJ 

in o o o o> m o 

journey uue||Bd 
o 
CO 

m CO co CO 

6 
CD 

ha 
a> XI 

o o in o 
CO 

5 unejg 'V'D 
o 
CO 

m CO 

o 
CO 

CO 
i_ 
CD 

to o o l-~ in in o * o in in 

2 Ajpunen ueouauiv 
o 
CO 

m in CO CO 1^ 

6 

in o CO 
CO 3 

'S o 
Z 
CO 

r^ x: 

o o c\ ,_ o in o o in o o "B 
si 

ßU^USS /X9l|SBM 
o co ^ cc 

in ^ Oi d 1^ o 
CO 

CO o 
3 

■o 
c 
(0 
CO 

CD 

05 

CD 
o o ^- CO v- o m in o m in o Q. 

E 
a JOU|!|/M UU9||3d 

o o 
CM 

co CM d 
CO 

'" 0> C£ 

d 
i^ CM 

CO CM 
CO 
CO E 

CD 

JC 
10 % 

CD 
x: 

(0 

IT 
Si 

g oeiBAen 
s o o 

i- 8 co in o 
CM 
CO 

in in o o 
in o 

CO 
■o 

CD C c 
CO (0 o o T- o CO in o in a o 

3 § m OJ a Is- c 
T- (0 o 

in 
Q. 
CD 

E jessed amaog T) 

3 o 
10 t5 
c 
CO ' 

CD 
■a 

CO 
k_ 

hi 
4) 

i 
> 
o 
a 
c 
Ul 

ri 
0) 
Z 
|2 

t 
) k. 

X 

2 
t 
n 
c 
n 
C 

1 
: i 
i 5 
>   c 

1 

a 
-    Si 
)     - 
j    £ 

z 
> i 
I    J 
> Li 

% 

.  I 
> C 
)      , 
> c 
r   t 

! d 
i  > 

> n 
]    2 

a 
)        V 
>     Z 

\      4 
! 1 

a. 
o 

i    ~- 

l     c 
)     E 

k. 
i        C 

i      a 
:   3 

— 
'      X 

a 

i I 
s     a 
:    c7 

~    I 
!    & 
)    a 

£ 
)      n 

i        0 

i    a 

a 

f 
;   E 
J      a 

i       c 

>    a 

| 
a 
.1 

>       X 
a 

:     t 
i s i > 
)      Li 

< 

: 1 
>      <L 

i   = 
il 
5   i 

3 

,! 
)      m 
)      3 
■     .E 

>        V 
]       XI 
=     E 
J        3 
:    z 

CD 
^ 
CD 

JZ 
(0 
CO 
s 
CD 
CO 
3 

E 
CO 
CD 

55 



48 USACERL TR 95/33 

o 
1 

ssajdjun 
CO 
V) 
o 
CO 

CO 
CO 

Ö 

CO 
CO 

Ö 
CO in 

CM 
o 
in 
CO 

o 
T— 

s 
10 
(0 

£ ejuajoj 
o 
CO 
tn 

CO 00 

CO 

in 
CM 

o 
m o 

a. o 
CO 

o o CO 

o 

xefv 
CO 
<n 
o 
CO 

00 
CO 

I» 
lO 
CM 

in 
CM 

o 
in 
CO 

o 

uasuap 
E 

O 
1^ O 

CM 

in 
CM 

o 
in 
CO 

o 
o 
in 

o :; in i in 
CM 

T— * 

(0 

a> 
c 

,_ 

Bujusjinj |BJ|uao 
E 
a. 
o 

CO CO 

T— 

in 
CM 

o 
in 
CO 

in 
CM 

o 
k> T— ^ 
2* 
k. 
o E 
5 unejg "VO 

a. 
o 

o 
CM 

N; in 
CM 

o 
in 
CO 

; m 
CM 

(0 i— 

u. 
,_ 

"O 

Ajpunen UBOuaiuv 
E 

O 

00 8 c«; in 
CM 

o 
in 
CO 

:   W : 

1 
3 

o 
in 

o : 
in ; in 

CM 

■ ;-S*-: ;-■-££:: -: £*: 
SÄ 

:■::.»■ a 
'5 

(0 
w 
£ 
O. 

■o 
c 

jouijiAi uuaiiad o 
CM 
CM 

O 
CM - 

1 
■;c::

: 

<B 
O :::i"^ :5* 'J- ;;:;£;: 

U) O O .::::::;:.. . :Ä» > - SE - 

0) 
c 
s 

38)3Ae-| C\l 
O m 

O K;;.;>i; M: :    ^ 
in CM CM 

J£ 

o 
3 

£ 
a> 
£• 
Q 

unejg -V0 

n 

0) 
JBSSBd 3M90g 

o 
CM 
CM 

O 
CM 

CO CO 
I-; 

i*- CM 

CO 

r- 
co 

■o 
>• 
xi O 

O m 
CO 
W co 

m 

o 
o o 

o 
(0 Ajpunen UBOuaiuv CM 

o 
CO 

O 

co 
m 9? 

CM 

O ?3 
1— 

o i: ^ 

3 IT) CM r-- t'j o 00 o 
E ■* CM o> T- 

T~ 
n 
« 
■o 
c CO 
a CO ::   , . T3 

Ä 5 
> o 
F 

co > o i;   cd < 2 

> 
k. 

c 
LU 

| 

'o 

E, 
CO 

E 

w 

i 
CO 
(0 
3 
>. 

■*-* 

I 
W— 

"O 
a 

■s 
CO 

CO 

CO 
k_ 
k. 
CO 

15 

S 

fc 
£ 
CO 

1 
xi I 

3 
V) 
a. 

¥ 
3 
<0 

0 

ffi" 
3 

CO 
a 

=^ 
as 

CO 

Ü? 
0 

£ 
3 

CO 
a 

k_ 

3 
•4—> 

CD 

CO 

to 
en 

0 

£ 
' 3 

£ 
CO 
a. 

i -35 
1    CO 

1 .1 
1 £ 
1 "a 
i    CO 

1 t3 

C/J 
3 

CO 
(0 
3 
c 
k. 
CO 
XI 

o 
1 

CO 
to 
3 
c 
l_ 

CO 
XI 

0) a u Ü s ci> CO <0 F CO E- CO h J    Q. b fc 
A m ■>, co <o CO w n> u> CO S    X 

£ O o UJ :> :  3 : 3 a. \- 3 H 3 h- j  LU ^ ^: 



USACERL TR 95/33 49 

Figure 36. Milnor centrifugal extractor. 
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open*amä cylinder of 4S0'L'troh takes a 
trm 4S0 lh> toatf. 

Process 8S Microprocessor Control 
monitors all washorfextractor operations. 

(Source: American Laundry Machinery, Inc. Reprinted by permission.) 

Figure 37. American washer extractor. 

Figure 38. Challenge Pacesetter dryer. 
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(Source: Central Finishing Systems. Reprinted by permission.) 

Figure 39. Central flat work ironer. 



52 USACERL TR 95/33 

(Source: Ajax Division, American Laundry Machinery, Inc. Reprinted by permission.) 

Figure 40. Ajax utility garment press. 
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(Source: Ajax Division, American Laundry Machinery, Inc. Reprinted by permission.) 

Figure 41. Ajax double buck cabinet bosom, body and yoke press. 
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(Source: American Laundry Machinery, Inc. Reprinted by permission.) 

Figure 42. Laundry automation systems. 
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Figure 43. Milnor continuous batch washer schematic. 
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Figure 44. Ludell direct contact water heater. 
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4   Laundry Process Models 

Model laundry facilities were developed to provide a way to compare conventional 
laundry facilities with those using more advanced technologies. The model facilities, 
sized according to production in pounds per year, are categorized as: less than 
1,000,000 lb/year (small); 1,000,000 to 3,000,000 million lb/year (medium); greater 
than 3,000,000 lb/year (large). Three models were developed for each of three size 
ranges. The models include a conventional facility similar to the existing DOD 
facilities, a high efficiency facility, and a super (ultra) high efficiency facility. Most 
DOD installations maintain equipment inventory lists of model, capacity, and age 
information for laundry facilities. The equipment lists from DOD laundry facilities 
generally reflect those found in the conventional model facilities. Tables 5 and 6 list 
equipment for medium conventional and medium high efficiency model facilities. 
Appendix E contains predicted energy and water consumption data, predicted utility 
cost data, and proposed laundry operating timetables for conventional, high efficiency, 
and ultra high efficiency (designated SOA2) laundry models. 

Comparison With Military and Commercial Facilities 

Figure 45 shows predicted electricity consumption for the model facilities and 
electricity consumption for the commercial and military facilities. The predicted 
electricity consumption for the conventional model facilities agrees with that reported 
for both commercial and military facilities. The predicted electricity consumption for 
the high efficiency and super high efficiency models is slightly higher than that 
reported for both commercial and military facilities. This may be due, in part, to 
increased use of electricity in advanced control systems. 

Figure 46 shows predicted nonelectric energy consumption for the model facilities and 
nonelectric energy consumption for the commercial and military facilities. The 
predicted nonelectric energy consumption for the conventional model facilities agrees 
with that reported for military facilities. The predicted nonelectric energy consump- 
tion for the high efficiency and super high efficiency models falls within the range 
reported for commercial facilities. These findings support the field observations of 
conventional (older) equipment at military facilities and newer (modern) equipment 

being used in commercial laundries. 
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Table 5. Equipment list for a medium 
conventional model facility. 

Item Description 

A Sorting conveyer 

B Soil storage rail 

C 400-lb washer extractor 

D 200-lb washer extractor 

E 100-lb washer extractor 

F Peristaltic pump supply system 

G 200-lb gas-fired dryer 

H 100-lb gas-fired dryer 

J Spreader feeder 

K 8-roll super sylon ironer 

L Double lane primary/cross folder 

M Flow rack 

N Small piece folder 

P Small piece folder 

Ft 70-hp dual-fired boiler 

S Deaerator return system 

T Water softener 

U 10 hp air compressor 

V Gas-fired hot water heater 

w Air dryer 

X Double buck shirt press 

Y Sleever 

z Collar cuff press 

AA Utility press 

BB Clean take-away conveyer 

Table 6. Equipment list for a medium high efficiency 
model facility. 

Item Description 

A 9-chamber, 50-lb, mini-continuous batch 
washer 

B Single stage system press 

C C.B.W. system shuttle conveyer 

D C.B.W. system 100-lb dryers 

E 200-lb dryer 

F 150-lb gas-fired dryer 

G 75-lb gas-fired dryer 

J 125-lb solid mount washer extractor 

K 50-lb washer extractor 

L 200-lb washer extractor 

M Two roll 32-in. (or 27-in.) steam-heated ironer 

N Two-lane combination primary/single lane 
crossfolder w/stacker 

P Small piece folding table w/cart dumper 

P1 Blanket folding table w/dumper 

Q Four-station spreader feeder 

Ft Clean work take-away conveyer 

S 10-hp air compressor w/tank 

T Compressed air dryer 

U Water softener w/brine tank 

V Gas-fired water heater 

w 70-hp gas/oil-fired steam boilers 

X Boiler return system 

Y Five-pocket loading conveyer 

z Cart dumper (shown w/cart) 

AA Domestic washer 

BB Domestic dryer 

CC Garment steam finisher (tunnel) 

DD Combination quarter/french small piece/gown 
folder 
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Figure 47 shows predicted total energy consumption for the model facilities and total 
energy consumption for the commercial and military facilities. The predicted total 
energy consumption for the conventional model facilities falls within the range 
reported for military facilities. The predicted total energy consumption for both high 
efficiency and super high efficiency models falls within the range reported for 
commercial facilities. Again, these findings support the field observations of 
conventional (older) equipment in service at military facilities and newer (modern) 
equipment in service at commercial laundries. 

Figure 48 shows predicted water consumption for the model facilities and water 
consumption for the commercial and military facilities. The predicted water 
consumption for the conventional model facilities falls within the range reported for 
military facilities. The predicted water consumption for both high efficiency and super 
high efficiency models falls within the range reported for commercial facilities. Again, 
these findings support the field observations of conventional (older) equipment in 
service at military facilities and newer (modern) equipment in service at commercial 

laundries. 

Small Facilities (510,000 lb/year) 

Due to equipment size limitations, the conventional facility and the high efficiency 
facility for the smallest size range (less than 1,000,000 lb/year) are essentially the 
same and are represented identically. Therefore, only two options, a conventional/high 
efficiency model and a super high efficiency model, were actually presented for the 
small facility modeling. Figure 49 shows annual utility usage and Figure 50 a 
conceptual layout for the small conventional/high efficiency laundry. Figure 51 shows 
the annual utility usage for the small super high efficiency model, and Figure 52 shows 
the conceptual layout for the small super high efficiency laundry. Small military 
facilities with older conventional equipment and controls could reduce nonelectric 
energy consumption by 27.6 percent by using modern, super high efficiency equipment 
at the cost of only a small (4.6 percent) increase in electricity use. The electricity use 
increases because modern controls and energy conservation equipment designed to 
reduce nonelectric energy consumption consume more electricity than conventional 
equipment with more rudimentary controls. A reduction of 3.7 percent in water 
consumption can be expected when upgrading conventional small facilities with super 
high efficiency equipment. The reduction in water and nonelectric energy are achieved 
via the addition of a wastewater heat reclamation system and an ozone generator. 
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Medium Facilities (1,800,000 lb/year) 

Figure 53 presents the annual utility usage for the medium conventional model and 
Figure 54 shows a possible layout for the medium conventional laundry. Figure 55 
shows the annual utility usage for the medium high efficiency model, and Figure 56 
depicts a possible layout for the medium high efficiency laundry. Figure 57 shows the 
annual utility usage for the medium super high efficiency model and Figure 58 depicts 
a possible layout for the medium super high efficiency laundry. Medium military 
laundry facilities with older conventional equipment and controls could reduce 
nonelectric energy consumption by 44.5 percent by employing high efficiency 
equipment while increasing electricity use by only 1.3 percent. Most of the reduction 
in energy and water use is due to the addition of the continuous batch washer. 

Medium military laundry facilities with older conventional equipment and controls 
could reduce nonelectric energy consumption by 53.7 percent by employing modern, 
super high efficiency equipment while increasing electricity use by 7.0 percent. The 
additional energy savings realized in the super high efficiency plant are attributed to 
the addition of wastewater heat reclamation and an ozone generator. A reduction of 
51.1 percent in water consumption can be realized when upgrading medium 
conventional military facilities with high efficiency or super high efficiency equipment. 
The medium super high efficiency model yields a greater reduction in nonelectric 
energy consumption than the medium high efficiency model, but provides no additional 
reduction in water consumption since water use is already minimized by the 

continuous batch washer. 

Large Facilities (5,000,000 lb/year) 

Figure 59 presents the annual utility usage and Figure 60 shows a possible layout for 
the large conventional laundry. Figure 61 shows the annual utility usage and Figure 
62 shows a possible layout for the large high efficiency laundry. Figure 63 shows the 
annual utility usage and Figure 64 shows a possible layout for the large super high 
efficiency laundry. Large military laundries with older conventional equipment and 
controls could reduce nonelectric energy consumption by 62.2 percent by employing 
high efficiency equipment while increasing electricity use only slightly (1.2 percent). 
Most of the reduction in energy and water use is due to the addition of the continuous 

batch washer system. 

Large military laundry facilities with older conventional equipment and controls could 
reduce nonelectric energy consumption by 69.7 percent by using modern, super high 
efficiency equipment while increasing electricity use by only 8.5 percent.    The 



USACERL TR 95/33 61 

additional energy savings realized in the super high efficiency plant are attributed to 
the addition of wastewater heat reclamation and an ozone generator. Upgrading large 
conventional military facilities with high efficiency equipment can reduce water 
consumption by 58.1 percent. The addition of super high efficiency equipment may 
yield a 58.7 percent reduction in water consumption. 
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Electricity 
754 MMBtu 

Equipment    Other 
338 415 

Gas 
3965 MMBtu 

Equipment   Space Heat 
3497 468 

Water 
2776 kgal 

Equipment    Other 
2040 737 

0.51 million pounds/year 
Conventional and High Efficiency Plant 

Water Vapor 
1024 MMBtu 

Air 
2522 MMBtu 

Water 
1174 MMBtu 

Figure 49. Energy flow diagram for small, conventional/high efficiency model facility. 
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Electricity 
7S4 MMBtu 

Gas 
2869 MMBtu 

Equipment 
376 

Other 
415 

Equipment 
2401 

Space Heat 
468 

Water 
2764 kgal 

Equipment    Other 
1938 737 

0.51 million pounds/year 
Super High Efficiency Plant 

Water Vapor 
640 MMBtu 

Air 
2230 MMBtu 

Water 
790 MMBtu 

Figure 51. Energy flow diagram for small, super high-efficiency model facility. 
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Electricity 
2143 MMBtu 

Gas 
18780 MMBtu 

Water 
13456 kgal 

Equipment 
885 

Other 
1257 

Equipment 
17363 

Space Heat 
1417 

Equipment 
11226 

Other 
2230 

2.0 million pounds/year 
Conventional Plant 

Water Vapor 
5188 MMBtu 

Air 
9880 MMBtu 

Water 
5855 MMBtu 

Figure 53. Energy flow diagram for medium conventional model facility. 
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Electricity 
1710 MMBtu 

Gas 
8437 MMBtu 

Equipment 
695 

Other 
1015 

Equipment 
7293 

Space Heat 
1144 

Water 
5324 kgal 

Equipment    Other 
3523 1801 

1.8 million pounds/year 
High Efficiency Plant 

Water Vapor 
1730 MMBtu 

Air 
6070 MMBtu 

Water 
2,347 MMBtu 

Figure 55. Energy flow diagram for medium, high-efficiency model facility. 
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Electricity 
1847MMBtu 

Equipment    Other 
831 1015 

Gas 
7033 MMBtu 

Equipment 
5889 

Space Heat 
1144 

Water 
5324 kgal 

Equipment    Other 
3523 1801 

1.8 million pounds/year 
Super High Efficiency Plant 

Water Vapor 
1512 MMBtu 

Air 
5443 MMBtu 

Water 
1924 MMBtu 

Figure 57. Energy flow diagram for medium, super high-efficiency model facility. 
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Electricity 
4083 MMBtu 

Equipment    Other 
2237 1846 

Gas 
38376 MMBtu 

Water 
27108 kgal 

Equipment 
36296 

Space Heat 
2080 

Equipment 
23834 

Other 
3274 

5.0 million pounds/year 
Conventional Plant 

Water Vapor 
11133 MMBtu 

Air 
19015 MMBtu 

Water 
12311 MMBtu 

Figure 59. Energy flow diagram for large, conventional model facility. 
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Electricity 
4156 MMBtu 

Equipment    Other 
2310 1846 

Gas 
14503 MMBtu 

Equipment   Space Heat 
12423 2080 

Water 
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Equipment    Other 
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5.0 million pounds/year 
High Efficiency Plant 

Wate 
2397 

' Vapor 
MMBtu 12402 m 

Ur 
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■ 

Water 
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Figure 61. Energy flow diagram for large, high-efficiency model facility. 
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Electricity 
4433 MMBtu 

Equipment    Other 
2587 1846 

Gas 
11627 MMBtu 

Equipment   Space Heat 
9547 2080 

Water 
11186kgal 

Equipment    Other 
7912 3274 

5.0 million pounds/year 
Super High Efficiency Plant 

Water Vapor 
1390 MMBtu 

Air 
11816 MMBtu 

Water 
2854 MMBtu 

Figure 63. Energy flow diagram for large, super high-efficiency model facility. 
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5   Conclusions and Recommendations 

This study contacted personnel at 28 installations and sent surveys to determine 

energy use, annual production, and operating conditions at those DOD laundry 

facilities. Site visits were also made to several installations to visually inspect 

equipment and to review current operating practices. Data were entered into a 

spreadsheet and graphically analyzed. A preliminary data analysis revealed 

significant variations in the amount of energy consumed by DOD laundry facilities of 

comparable capacities. It was concluded that the scattering of data points may have 

resulted from any one or combination of several causes: 

inefficient equipment operation 

equipment in need of tuning or repair 

use of outdated equipment 

faulty utility-metering equipment 

lack of metering equipment. 

Currently, utility consumption at DOD laundry facilities may not be monitored by 

personnel at the laundry site and is sometimes billed according to outdated formulas 

that assign an arbitrary percentage of installation-wide utility use to the laundry. 

Such outmoded billing formulas and spotty metering may inadvertently result in 

overspending on utilities. It is difficult to demonstrate or verify the effectiveness of 

conservation measures without past performance data for comparisons. It is therefore 

recommended that utility consumption in DOD laundries be accurately metered; this 

would greatly enhance the ability of managers to implement conservation methods. 

When compared to the DOD laundry data, data on commercial laundry facilities 

showed that, on average, the military facilities studied used approximately 12 percent 

less electricity and 129 percent more thermal energy per pound of processed laundry 

than comparable commercial facilities. This apparent advantage in electricity savings 

is offset by the fact that electricity consumption typically ranges only from 9 to 15 

percent of total energy consumption in commercial laundries. Average water 

consumption in the military laundries studied was 40 percent higher than that of the 

commercial laundries studied. Military laundries typically employed 12.70 people per 

million pounds of laundry processed as opposed to only 7.71 people per million pounds 

of laundry processed in commercial facilities. 
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Model laundry facilities were developed to be similar in capacity and function to DOD 

laundries, and were compared to both military and commercial laundry plants. The 

models for each of the three common size ranges included one model using standard 

equipment and two using state-of-the-art equipment and technologies to project 

optimal utility efficiencies. The models also indicate that commercial laundries appear 

to be operating more efficiently in terms of utility consumption than many DOD 

laundries. 

Old equipment, such as has become common in DOD laundry facilities due to tight 

military budgets, is generally less efficient than newer equipment that employs recent 

technologies, and more difficult to repair due to scarcity of parts and lack of 

manufacturer support. At least in terms of its laundry facilities, the reduction in 

operations and maintenance funding has taken a toll on the DOD infrastructure. 

This study concludes that the efficiency of DOD laundry facilities may be greatly 

improved by implementing modern energy management techniques, by obtaining new 

equipment, and by providing additional personnel training. It is recommended that 

DOD implement advanced water and energy conservation/recycling technologies as 

outlined in the alternative facility designs modeled in this study to allow its laundry 

facilities to become competitive with commercial laundries of similar production 

capacity. Modernization efforts can greatly enhance DOD facilities' ability to provide 

competitive, high-quality services to military personnel. It is therefore also 

recommended that individual installations should do appropriate cost analyses to 

determine whether laundry plant energy improvements qualify for funding assistance 

under ECIP. Since similar government-owned, government-operated facilities 

(belonging to the Veterans' Administration) are consistently competitive with 

commercial laundries, it is clearly in the best interest of the government to own and 

operate its own laundry facilities. 
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Appendix A: DOD Laundry Survey 
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DOD LAUNDRY PLANT ENERGY EFFICIENCY STUDY 

ENERGY USE SURVEY 

CONTROL NUMBER 

IDENTIFICATION INFORMATION 

INSTALLATION DATE 

POC POC PHONE # 

OFFICE SYMBOL COMMAND 

ADDRESS DOD BRANCH 

CITY LAUNDRY BLDG # 

ZIP TYPE OF LAUNDRY 

COMMENTS 
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CONTROL NUMBER _ 

PRODUCTION INFORMATION 

ANNUAL     PRODUCTION (1 lb = 1 piece) 

COMMERCIAL/FAMILY 
HEALTHCARE 

LINEN 
RENTAL (UNIFORM) 

OTHER 

TOTAL 

TYPICAL      OPERATION 

# DAYS/WEEK 
# HOURS/DAY 
# EMPLOYEES 

PLANT OUTPUT 
DAILY AVE 

MAX CAPACITY 

(lbs/day)-/^ fvj 

ANNUAL OPERATING COSTS 

UTILITIES USE 

ELECTRICITY (kWh) . , 
NATURAL GAS (MCF)   

OIL (#_J (Kgal)   
DOMESTIC H20 (Kgal)   

HOT HP (Kgal) ____ 
STEAM (Klbs)   

OTHER (.fewer)   

$/UNIT COST ANNUAL    COSTS 

ENERGY 
LABOR 

SUPPLIES 
OVERHEAD 

OTHER 

COST/lb 

ENERGY CONSUMING EQUIPMENT: WASHERS, DRYERS, IRONERS, 
PRESSES, ETC. 

EQUIPMENT 
DESCRIPTION 

#OF 
UNITS CAPACITY 

ENERGY 
SOURCE 

PEAK 
DEMAND 

OPERATING 
psi       °F 

YEAR 
INST STATUS 

♦STATUS* 1-NORMALLY ON 
2-HOT STANDBY 
3-COLD STANDBY 
4-OUT OF ORDER 
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CONTROL NUMBER 

ENERGY CONSERVATION FOR LAUNDRY 

YES NO 
MICROPROCESSOR CONTROLS ON LAUNDERING EQUIPMENT 

FULLY AUTOMATED (HANDS-OFF) WASHROOM 
RECOVER HEAT FROM DRYER EXHAUSTS 

PREVENTATTVE MAINTENANCE SCHEDULE 
ISOLATION VALVES FOR IDLE EQUIPMENT 

CONTINUOUS BATCH WASHERS 
OZONATION SYSTEMS 

THERMAL FLUIDS 
DIRECT FIRED H2Q HEATER 

WASTEWATER HEAT RECLAIMER 
(IF YES, EXPLAIN-TEMPERED H20) 

OTHER ENERGY CONSERVATION METHODS USED 
OTHER NEW TECHNOLOGIES USED 

PLANT BOILER DATA 

BOILER 

BLR 
# 

FUEL            OPERATING          DIST.           YEAR 
CAPACITY         TYPE         psi             oF           MEDIA     .    INST 

(Hct <**t#>-; Steam) 

** 
STATUS 

BOILER 
BOILER 
BOILER 

OPERATOR:     1. 24 HOURS 2. LAUNDRY TIME 3. ROVING 4. ON CALL 

ENERGY CONSERVATION FOR BOILER ROOM 

YES 
BOILER CONTROLS WORKING PROPERLY 

• STACK TEMPERATURE MEASURED 
C02, CO, 02, NOx ANALYZED 

PROPER SLOWDOWN OF BOILERS 
DAMPER CONTROLS WORKING PROPERLY 

CONDENSATE RETURN SYSTEM 
(IF YES, % RETURNED       ) 

TRAPS WORKING PROPERLY 
HOT WATER TANKS ARE SIZED ADEQUATELY 

BOILER WATER IS CHEMICALLY TREATED 
FUEL METERED 

ELECTRICITY METERED 
WATER METERED 
STEAM METERED 

CONDENSATE RETURN RECOVERY TANK SIZED ADEQUATELY 
BANK/TURNDOWN @ OFF HOURS 

CHAIN VALVES FOR MAIN HEADERS 

TYPE OF TRAPS 
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Appendix B: Summary of Commercial and 
Military Laundry Data 
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Appendix C: Commercial Laundry Data 
Collection Summary and Survey Form 

Contacts with Local Laundering Facilities: 

Fairfax Hospital 

Energy use for the hospital is not separately metered. Visitors are not allowed into the 
laundry facility to avoid possible exposure to infectious organisms. 

Shady Grove Hospital 

Calls were unsuccessful in making contact with the appropriate person. 

Virginia Linen, Landover, MD 

A spokesperson said it was against company policy for individual facilities to provide 
the type of information asked for. He referred us to their home office in Peters- 
burg VA. 

Virginia Linen, Petersburg, VA 

When asked if a survey form were available, several copies of the form were sent, with 
the hope of collecting data on different sizes of facilities. (A copy of the form sent is 
included at the end of this Appendix.) As of the last contact (12 April 1994), the forms 
had been received and turned over to the company president for disposition. 

Contacts with Laundry Trade Associations: 

Uniform and Textile Service Association (UTSA) (formerly the Institute of Industrial 
Launderers) 

UTSA commissioned a survey of wastewater and energy use in member facilities. The 
survey was conducted in late 1992. Mr. Geoffrey A. Northey furnished copies of filled 
out surveys from 22 facilities, which provided the primary source of data for the 
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comparison of military and commercial laundry facilities presented in this report. A 
copy of an equipment list for one facility was also received from Mr. Northey. UTSA 
also markets a computerized maintenance management system that incorporates data 
on an equipment-by-equipment basis. It may be possible to obtain more detailed data 
from the users of this system, with proper permission and clearances. 

International Fabricare Institute 

Mr. Ken Faig sent a copy of the March 1992 issue of Special Reporter. The title of the 
issue is "Getting the Most For Your Energy Dollar." The discussion focused on ways 
to conserve energy and water in the various items of laundry equipment. The only 
pertinent quantifying statement is "The energy cost for a pound of laundry is $0.05." 

A copy of the article is included in Appendix D. 

The National Association of Institutional Linen Management 

This organization referred the researchers to Mr. Chip Webster of Servicemaster 
Corp., who is associated with laundry layouts and management of over 200 facilities. 
Information of the type requested is confidential and cannot be released without the 

consent of each specific customer. 

Textile Care and Allied Trade Association 

Is a small (two person) operation and does not collect any data pertinent to this study. 

Textile Rental Services Association (TRSA) 

TRSA supplied a copy of an article titled "Industry Energy Consumption Drops, 
According to Survey," which appeared in the June 1992 issue of Textile Rental 
magazine. Results of energy and water use surveys of four large chain companies are 
presented. These results are compared with other available data in this report. A 
copy of the article is included in Appendix D. TRSA also has available a two-volume 
publication titled "How to Reduce Costs Through Energy Conservation." 
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Commercial Laundry Survey Form 

LAUNDRY PLANT ENERGY EFFICIENCY STUDY 
ENERGY USE SURVEY 

1. PLANT/PRODUCTION DATA 

IDENTIFICATION AND PRODUCTION INFORMATION 

FACILITY NAME 

DATE OF SURVEY 

TYPICAL OPERATION 
# Days/week 
# Hours/day 
Time of operation (From., to..) 

NUMBER OF EMPLOYEES 

PLANT OUTPUT (lbs/day) 
Daily average 
Maximum capacity 

PLANT ANNUAL OUTPUT (lbs/year) 

2.  ANNUAL ENERGY CONSUMPTION AND COSTS 

ITEM USE S/UNIT COST 

ELECTRICITY             (kWh) 

NATURAL GAS         (MCF)1 

OIL (# )                          (gal) 

DOMESTIC H20             (gal) 

HOT H20                         (gal) 

STEAM                            (lbs) 

OTHER (           ) 

TOTAL ENERGY COST 

3.  ANNUAL COSTS 

ITEM COST 

ANNUAL DIRECT LABOR COST 

ANNUAL SUPPLIES COST 

ANNUAL MAINTENANCE LABOR COST 

ANNUAL OVERHEAD COST 

OTHER 

MCF - million cubic feet 
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6.  ENERGY CONSERVATION MEASURES FOR LAUNDRY AND BOILER ROOMS 

YES NO 

LAUNDRY EQUIPMENT 

Microprocessor controls on laundering equipment 

Fully-automated (hands-off) washroom 

Heat recovery from dryer exhausts 

Preventative maintenance schedule 

Isolation valves for idle equipment 

Continuous batch washers 

Ozonation system 

Thermal fluids 

Direct fired water heater 

Waste water heat reclaimer 

BOILERS 

Boiler combustion control system -■.     

Stack temperature measured 

C02/ CO, 02, NOx analyzed 

Blowdown on boilers (Continuous/periodic) 

Damper controls 

Condensate return system (if yes, % return) 

Boiler stack economizer 

Fuel metered 

Electricity metered 

Water metered 

Steam metered 

LIST OF OTHER ENERGY CONSERVATION EQUIPMENT/TECHNOLOGY USED 

1. 

2. 

3. 
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Appendix D: Reprints of Selected Laundry 
Articles 
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'Industry Energy Consumption Drops, According to Survey," Textile Rental (June 

1992) 

TRSÄs Production 
and Engineering 

Committee 
updates 1984 

energy survey 
and reports 
substantial 
decreases. 

Industry 
energy 
consumption 
drops, 
according 
to survey 

Long regarded as an energy-efficient, 
recycling industry, textile rental ap- 

pears to be making greater strides in this 
direction, according to a survey con- 
ducted in late 1991 by TRSA's Produc- 
tion and Engineering Committee. The 
survey of four large chain companies 
shows a substantial decrease in boiler and 
dryer fuel and water usage with a slight 
increase in electrical consumption com- 
pared with a 1984 industrywide survey. 

For the recent survey, participating 
companies provided consumption data 
of three utilities by per pound of pro- 
duction for each of the geographical 

regions in which they operate. To en- 
. sure confidentiality, company names and 
the areas for which each provided data 
are not reported. Instead, survey data 
have been compiled for two regions: 
northern and southern states. 

TRSA's two prior energy surveys 
(1984 and 1982) also reported data ac- 
cording to these two major climatic 
zones, anticipating that plants in north- 
ern states would consume more energy 
than those in southern states. For this 
analysis, the geographical areas used in 
reporting data have been grouped ac- 
cording to Chart 1. 

Chart 1: Energy survey geographical regions 

Geographical areas used 
by companies in reporting 
data 

North 
East 
Northeast 
Northwest 
Midwest 

South 
West 
Southeast 
Southwest 

Regrouped into 
north/south 
regions 

North 
region 

South 
region 

Survey results 
The data reflect a significant reduction 
in natural gas/fuel oil use (Chart 2) and 
water consumption (Chart 4) in both 
northern and southern plants. However, 
use of electricity has increased slightly 
(Chart 3). 

These findings have been determined 
by taking averages submitted by the 
four companies and then averaging these 
figures again. Mathematically, this is not 
a proper procedure. However, the re- 
sults provide benchmark figures against 
which rental operators can compare their 
own figures, and the improvement 
shown is of such a degree that it repre- 
sents industrywide improvement— 
although possibly not to the same extent 
as the data show. 

Considering the changes TRSA 
knows to have taken place in the indus- 
try, the data appear logical. For example, 
much of the older washing equipment 
has been replaced with more modern 
equipment that uses significantly less 
water. Most plant managers who still 
use the older equipment have adjusted 
their formulas to use less water, espe- 
cially heated water. Much work also has 
been done to reuse water—both to re- 
cycle clean rinse water into the initial 
operation of subsequent loads and to 

2S 
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Chart 2: Natural gas and fuel oil consumption in Btu per lb. of production 

Chart 3: Electrical consumption in kwh per 100 lb. of production 

Chart 4: Water consumption in gal. per lb. of production 

30 

reclaim wastewater for processing and 
reuse. 

The reduction in the amount of water 
used logically results in a corresponding 
reduction in the energy used to heal it. 
Recent improvements in the efficiency 
of some newer extractors result in shorter 
drying cycles in tumbler/dryers or, in 
some cases, bypassing the operation. 

Some of these changes can be ex- 
pected to increase costs in other areas. 
This is reflected in the higher electricity 
use to power the newer high-output 
washers and mechanical extractors and 
to light the plants. Many plants are op- 
erating more hours per day than in the 

Energy-saving publications available from TRSA 
Two TRSA publications can help you 
identify energy-saving opportunities in 
your plants: 
Q How to Reduce Costs Through Energy 

Conservation, Vol. I (#71301) 
This 24-page booklet describes how 
to reduce energy costs by checking 
specific energy use areas. Major cat- 
egories featured are plant buildings, 
processes and equipment, electric 
power, and vehicle fuel conservation. 
Useful as a comprehensive checklist 
to survey all areas of energy con- 
sumption for possible savings. 
Member price $5; retail $10 

Q How to Reduce Costs Through Energy 
Conservation, Vol. II C#71372) 
This 96-page book is a compilation 
of material on energy management 
and energy conservation techniques 
for specific kinds of plant equip- 
ment previously appearing in either 
Textile Rental magazine or TRSA 
newsletters. Vol. II should be used 
as a companion piece to Vol. 1. 
Included in Vol. II is a chapter on 
monitoring and measuring energy 
consumption. 
Member price $15; retail $30 

Textile Rental J June IW2 
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past to better use the fixed investment in 
plant and equipment. 

Comparing your 
energy consumption 
Your plant's consumption of any of these 
three utilities may be better or worse 
than the consumption rates shown here 
for valid reasons. In addition to the 
factors mentioned, soil content can be a 
major determinant of the amount of 
heated water and energy used. 

Also, the way you determine pounds 
of production can affect your consump- 
tion rate. TRSA's Production and Engi- 
neering Committee believes that pounds 
of production should be stated in terms 
of clean, dry weight calculated from 
pieces produced. That is the count of 
good pieces coming from the various 
finishing operations multiplied by a 
weight factor for each piece. 

Another determinant of fuel con- 
sumption is the geographical location of 
the plant. Plants located in northern 
cities with cold climates can be expected 
to use significant amounts of fuel for 
space heating. 

How to get a handle 
on energy costs 
With today's increased competition and 
low profit margins, you or your plant 
manager should regularly measure and 
record consumption of water, electricity, 
and gas/fuel oil on a per-pound basis. By 
comparing these rates with a benchmark 
rate, you can spot trends in consump- 
tion over time and take action when 
needed. The sidebar below offers some 
useful formulas for starting this process. 
If you have any questions about the 
survey, contact Clyde Blaco at TRSA. 

Tips for measuring energy consumption 

Water 
Kilowatt hours should be related to 

pounds produced: 

Water consumption is usually expressed 
as gallons used. For any specific period of 
time: 

Gallons used  = Gallons per pound 
Pounds produced 
Therefore, if 22,024,000 gal. of water is 

consumed and 7,269,000 lb. of merchan- 
dise is processed during a set period of 
time, the consumption rate would be: 

22,024.000 pi ,3,0 gal .per lb. 
7,269,000 lb. ö 

If your water company (or its meter) 
provides consumption data measured in 
cubic feet of water, convert the number of 
cubic feet consumed to gallons consumed. 
This is done by multiplying cubic feet by 
7.48. 
Cubic/eel oj water x 7.48 = Gallons of water 

Kilowatt hours used 
Pounds produced 

Kilowatt hours per pound 

Natural gas/fuel oil 

Electricity 

Consumption of electricity is measured by 
the kilowatt hour—the amount of energy 
delivered by an hour-long flow of 1 kw of 
electric power. A 100-wall bulb burning 
for 10 hours will use 1 kw of electric energy 
(100 watts multiplied by 10 hours equals 
1,000 wait hours, or a kilowatt hour). 

Kilowatts can be converted to Blu by 
multiplying by 3.413. 

Natural gas consumption is measured in 
several ways. These, and their Blu equiva- 
lency, are shown in the following table: 
Unit of measurement       Btu equivalency 
Therm 100,000 
1 cu. ft. (CF) 1,000* 
lOOcu. ft. (CCF) 100,000* 
l,000cu. ft. (MCF) 1,000,000* 

For the most commonly used types of 
fuel oil, the Btu ratings are: 
Type of fuel oil Btu equivalency 
No. 2 fuel oil 140,000 Btu/gal. 
No. 5 fuel oil 148,000 Btu/gal. 

■No. 6 fuel oil 150,000Btu/gal. 
To calculate the consumption rates for 

natural gas, fuel oil, or any other type of 
fuel, convert the quantity of fuel used into 
its Btu equivalency and then relate this to 
the pounds of production. 

*T/ic number of Blu in a cubic foot of 
natural gas varies from place lo place and 
from time to time, but 100 cu.ft. usually 
contains more than one therm (100,000 
Btu). To obtain the exact Btu content of 
natural gas, contact the gas utility. The 
figures shown are usually close enough 
for moniloringfuel-usage rates. 

The reason for making this conver- 
sion is that the Btu is the common de- 
nominator into which a known quantity 
of any fuel or electricity may be con- 
verted. A plant using a No. 2 fuel oil and 
natural gas can't add these consumption 
rates together without first converting 
them to a common denominator. By the 
same token, if a plant uses No. 2 fuel oil 
only and wants to compare its fuel con- 
sumption rate to that of another plant that 
uses natural gas only, conversion is 
needed to make the comparison. 

For a plant that consumed 600 gal. of 
No. 2 fuel oil and 2,250,000 cu. ft. of 
natural gas to process 600,000 lb. of mer- 
chandise, the arithmetic involved in cal- 
culating the Btu per pound processed is 
as follows: 
600 gal. of 110,000 Btu 
So. 2 fuel oil        pet gal. 

plus: 

2,250.000cu.fi.x 1,000Btu   = 225omooo Bl„ 
of natural gas       per cu.ft. 

84,000,000 Btu 

Total number of Btu 133-1,000,000 Btu 

2J34.000.000 Btu     __ X890 Blu per lb. processed 
600,000 lb. processed 

To simplify the division of such large 
numbers, move the decimal point five or 
six places to the left in the numbers above 
and below the line. Moving it five places lo 
the leTt results in the following: 
2.3,340 Btu .=j|890B,     .,.|b. 
611). TBSA 

32 
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"Getting the Most for your Energy Dollar," Special Reporter, Vol 20, no. 2 (March 
1992). 

Sv*^iiffi INTERNATIONAL FABRICARE INSTITUTE 

PECIAIy REPORTER 
The Association of Professional Drycleaners and Launderers 

12251 Tech Road, Silver Spring, Maryland 20904 (301)622-1900 

Getting the Most For Your Energy Dollar 
Each pound of drycleaning processed contains an 

energy cost of $0.12 or $0.27 for a two piece suit. The 
energy expense consisted of fuel, electricity, water, and 
sewage. One would expect the energy cost of a pound 
of laundry to be more expensive; however, it is consid- 
erably lower than drycleaning. The energy cost for a 
pound of laundry is $0.05. The power consuming ma- 
chinery and component parts in drycleaning raise the 
energy cost per pound. 

According to the IFI cost survey, utility costs are 
about 5.5 to 6 percent of total sales. Anything which 
can be done to reduce the energy costs should have 
high priority. 

Fuel Conservation in the Power Plant 
Conservation of fuel should always be a concern of good 

management from a cost standpoint even when a short- 
age of fuel does not exist. Proper boiler operation saves 
many dollars and, possibly, some costly breakdowns. 

Your power plant transforms British Thermal Units 
(BTUs) of fuel into steam for heating water and use in 
machines that process work. Our purpose here is to talk 
about getting the most out of the BTU input. Many 
factors affect the efficiency of your boilers, regardless of 
the type of fuel you use. 

If you burn oil, gas, or coal, how long has it been since 
the actual mixture of air and fuel has been checked? 
Insufficient air will cause incomplete combustion and 
a smoking stack. On the other hand, an excess of air 
will reduce the BTU transfer. 

There is a large variance in the instruments used in 
different plants to measure the effectiveness of the 
boiler. Flue gas temperatures as well as constant CO2, 
and CO, and O2 recorders indicate how well the boiler 
is transferring the BTU input into processing steam. If 
these meters are not available, many gas and oil com- 
panies will check your stack temperature and use an 
Orsat meter to determine if you have the proper mix- 
ture of air and fuel. 

High stack temperatures are good indicators that 
scale is forming on the tubes, preventing proper heat 
transfer. Tube burn out and wasted fuel are a result of 
scale formation. 

Correct treatment of the boiler feed water is most 
important and should be determined by a technician 
from one of the many companies supplying boiler treat- 

ment compounds. Once you determine the needs for your 
particular boiler feed water, see that these needs are filled 
so scale will not accumulate in the boiler and tubes. 

The amount of blow-down needed for your boiler will 
also be established in tests the boiler feed water techni- 
cian can make. When plants use soft water, other factors 
such as pitting and corrosion will be a factor in boiler 
treatment compounds. 

Check that all insulation originally designed for your 
boiler is in place and has not deteriorated or been lost. 
At the same time, check that all the steam headers and 
steam lines in the power plant are properly insulated, 
as the heat loss from the larger headers can be very 
great. Repack all steam valves that show leakage. Any 
flange joints in the larger headers should be checked 
for leaks and promptly repaired if any exist. 

While the boiler plant is inspected internally and 
externally once a year by your insurance company, it is 
wise to check the boiler internally both on the fire side 
and water side semiannually to ensure against scale 
buildup, as well as leaks in the refractory and brick 
surfaces of the fire side of the boiler. Remember, soot 
on the tubes as well as scale in the drum and the tubes 
will cut down on heat transfer and boiler efficiency. 

Boiler feed pumps should be checked for leaky pack- 
ing as well as the temperature of the returning conden- 
sate. Pumps can only pump liquids and steam bind 
where the condensate is steam. Plants with steam 
heated hot water heaters usually run the condensate 
through a hot water tank before returning it to the 
condensate tank. 

Trapping throughout the plant will have a great effect 
on the temperature of condensate return. If traps are not 
working properly, the temperature of the return conden- 
sate tank will be excessively high, causing lost steam 
through the tank vent to the atmosphere, plus the addi- 
tion of excessive chill water to the condensate tank. 

Start up and close down times can be very important 
in fuel conservation since most systems will have suffi- 
cient steam pressure to carry the load if the boiler is 
shut down 10 to 15 minutes before the plant ceases 
operation. Starting the power plant as late as possible 
before steam is needed for processing can also result in 
fuel savings. Every half hour of later starting or earlier 
close down will mean savings in fuel used over a period 
of a week. 

Vol. 20, No. 2 ©INTERNATIONAL FABRICARE INSTITUTE MARCH 1992 
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Perhaps you need to run only one department on 
Saturday. Your piping should be arranged so that de- 
partments requiring steam can be isolated and you do 
not have to provide it for the entire plant. Likewise, 
where steam is required, just to heat the building during 
cold weather, the boiler should be run at low instead of 
high pressure to prevent costly "freeze ups" and also 
conserve the fuel needed for high pressure. Many plants 
have used a small boiler or space heater for this purpose, 
and have realized a savings in fuel. 

In laundry operation, heat reclaimers can save many 
fuel dollars since waste water from the washroom contains 
many BTUs which can raise your incoming cold water 
temperature, say, 40 degrees. If it is possible to raise your 
incoming water 40 degrees, this is equal toA4 ofthe-totah 
heat required to raise 60° F water to 180° E Since about 
65 percent of the fuel burned is for heating water, you save 
many BTUs on the total heating bill. The initial cost of 
the heat reclaimer may seem high, but the savings in fuel 
dollars can make it a very profitable investment. If you 
have a heat reclaimer, be sure that it is kept clean so that 
maximum heat transfer from the waste water is obtained. 

Hot water storage tanks and heaters should be in- 
spected for scale, sludge, pitting, and corrosion. If you 
require 160° F hot water, you are wasting fuel when 
your controls allow this temperature to rise to 180 F. 
Hot water storage tanks and heaters should be insulated 
to conserve BTUs of the heated water. 

Proper operation of all boiler controls should be 
inspected, such as boiler feed pump controls and low 
water cutoff controls. Operating personnel should be 
blowing down these controls at least twice daily to 
ensure proper operating water level in the boiler as well 
as ensure that the low water cutoff is operating properly 
should low water develop. The blow-down valves 
should not leak. Since they are exposed to the solids 
and sludge being blown from the boiler, these valves 
will often not seat correctly and allow a loss of steam. 
Safety valves should be seated tightly, not allowing 
them to sizzle and lose steam. The fire eye, the pressure 
control, and the low water cutoff are wired in series. 
Check all three. Failure in any of these operations will 
cause an immediate shut down of the burner. 

Since air compressors are usually considered power 
plant equipment, all electrical wiring and controls should 
be inspected. Check water-cooled jackets for scale or 
other obstructions. Incoming air filters should be kept 
clean and air storage tanks should be drained daily to 
prevent the build-up of water in the air lines. Fins on the 
heads of air-cooled compressors should be kept free of lint 
and dirt to prevent overheating. It is wise to draw the 
incoming air for the compress from outside the building. 

A preventive maintenance system can be very effec- 
tive in saving energy and preventing breakdowns. It 

ensures that each piece of power plant equipment is 
being checked for its needed maintenance, and pro- 
vides a record of parts and maintenance time needed 
to keep the piece of equipment in proper running 
condition. This record indicates when replacement is 
necessary due to large repair bills, and also prevents 
expensive breakdowns. 

The power plant checklist on page 3 should help you 
find energy losses. 

Insulation 
Insulating all hot pipes is the first step in saving fuel 

and reducing the inside temperature of the plant. This 
has one of the best payback records of any equipment 

"or supplies. The savings in fuel will pay for the insula- 
tion in three to six months. This kind of payback is hard 
to beat. Make sure that not only pipes but tanks requir- 
ing insulation are insulated. 

Steam Leaks 
Steam leaks must be repaired as quickly as possible. 

Many of the leaks are from the packing gland around 
the stem of a valve. A fraction of a turn will stop the 
leak. Fittings and valves are often the source of leaks. 
Keep after the leaks as they will only get worse. 

Trapping 
The first step to maximum steam utilization in steam- 

heated equipment is proper trapping. We recommend the 
use of individual traps on ironers to prevent short circuit- 
ing of some chests on the ironer as a result of the difference 
in condensing rates from the first to last chest. 

To determine if a trap is working properly, check the 
temperature on both the inlet and outlet sides. Nor- 
mally, the temperature will be considerably less on the 
discharge side. If it is not, you may have a blow-through 
condition which is causing less efficiency in the unit 
and will raise the temperature of the condensate, caus- 
ing more flash steam at the receiver tank. This will 
usually mean that air and carbon dioxide gas are not 
being eliminated, which will cause corrosion and fur- 
ther reduction in efficiency as a result of the insulating 
effect of air in the steam. Checking traps for proper 
operation, particularly if you have not done so for a 
while, can improve the operating efficiency of the 
boiler. It will also save you money and fuel. 

Valves to Isolate Equipment 
It has always been our recommendation that your 

finishing or ironing equipment have valves on both the 
steam lines and condensate returns so that, if necessary, 
one unit or one press can be turned off for maintenance 
purposes without having to disable other equipment. 
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Checklist for Power Plant Operation 
Boilers 

D Are you getting the maximum efficiency in your BTU input compared to steam produced? 
D All controls working properly 
D Stack temperature correct—maximum 150 degrees over temperature of steam produced 
D CO2, CO, and O2 analyzed 
□ Proper blow down of boilers 
D Damper controls working properly 

Condensate 

D Pumps working properly—no leaks 
D Traps working properly—not overheating the condensate tank 
G Condensate being returned to ;.he boiler at the correct temperature 
Piping and Valves 

D Leaky valves repaired and repacked 
D All lines insulated properly 
D All steam leaks in pipe fittings and flange joints repaired 

Hot Water Tanks 

D All internal surfaces checked for scale and sludge, corrosion, and pitting 
D All external surfaces properly insulated 
D Operating controls functioning properly to maintain desired temperature 
D Many hot water tanks have a separate coil to utilize the heat from the condensate before it goes to the 

condensate tank. If it does not have a coil, use a heat exchanger for this purpose 

Boiler Treatment Compound 

D Correct chemicals being used 
D Proper injection system being maintained 
D Daily log of test results 
D Supervision by technician from manufacturer of chemicals being used 
Heat Exchangers and Heat Reclaimers 

D Check proper temperature rise on outgoing water line 
D Heat reclaimers are kept clean and operating properly 

Air Compressors 

D Condition of all electrical wiring and controls 
D Check discharge valves 
O Check water-cooled compressor jackets for scale or obstruction 
D Check air storage tank 
□ Check air inlet filters—draw air from outside the building 
Log of Operation 

D Fuel used 
□ Electricity used 
D Steam produced 
D Water used 

Preventive Maintenance System for Power Plant 

D Accurate, systematic checking of all power plant equipment 
D Records of cost, parts, and labor for each piece of equipment 
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Even when this procedure is followed, we have seen 
instances where any number of presses are standing idle 
with full steam pressure applied. 

When you have units which are not going to be used 
during the day, these valves should be turned off. This 
will save fuel and, especially in warm climates or in 
summer, will reduce the heat which requires additional 
ventilation or cooling to keep employees as comfort- 
able as possible. Better planning can be the key to 
increased efficiency in fuel utilization. In multi-ironer 
plants the standard procedure is to heat up all the units 
even though one may not be used for several hours or 
perhaps not at all unless there is a breakdown. Usually 
an ironer can be warmed up in no more than an hour, 
yet many are heated from nine to ten hours per day and 
used only an hour or so or perhaps not at all. Turn those 
valves off and save money and fuel. 

Timers and Controls 
Most newer types of finishing equipment have auto- 

matic controls or timers to govern the time the press is 
closed, or the time steam or air is applied. In many 
plants, these controls or timers have not been checked 
for the proper setting; they should be . 

Where excessive time is used in the'se functions, your 
loss is a double-headed monster. If the air cycle is too 
long, your electricity bill goes up and you waste energy. 
The same goes for steaming cycles and press closed 
time—excessive steam is consumed. And inboth cases, 
the operator efficiency is lowered as a result of the total 
elapsed time between cycles and/or pieces. 

Hot-head Presses 
For maximum efficiency and utilization, presses 

should be kept clean. There is usually starch in items 
which are pressed in laundry departments and a certain 
amount of starch will adhere to the press polished 
surface and turn brown from the heat. This coating has 
an insulating effect and should be cleaned off with a 
non-abrasive cleaner and bronze wool. Steel wool 
should NOT be used as it will remove some of the 
polished finish. 

Tumblers 
Many tumbler installations are not piped adequately 

because of a misunderstanding of the steam require- 
ments for these rather simple machines. The average 
32 to 50 pound rated tumbler will consume about four 
boiler horsepower per hour. Four tumblers will require 
more steam than a conventional six-roll ironer. These 
are relatively heavy steam users. 

As long as the tumbler runs, it is pulling power from 
the boiler. The fan pulls air through the steam coil and 

exhausts the air up the stack. Once the load is dry, this 
is a waste of time and money. It will also, on occasion, 
raise the temperature of the load to a point where some 
items will be ignited and you have not only wasted 
money and steam, but you have a claim for customer 
goods or you have burned up part of your inventory. 

On tumblers that do not come equipped with timers, 
it is fairly easy to put kitchen timers on the units. In 
some cases, these can be wired into the electrical 
circuit, or they may only serve to sound a bell or a buzzer 
to remind the operator to remove the load. These 
should also be fixed so that they can be set for only an 
average drying time. 

Tumblers which have lint traps in a drawer at the 
base of the unit should be cleaned out several times a 
day to keep a free flow of air and keep efficiency high. 
Clogged lint traps drop efficiency and raise operation 
costs. The steam coil should also be kept free of lint to 
prevent reduction of air flow through the fins of the 
coil. Keeping equipment running at peak efficiency is 
the key to maximum utilization of power. 

Gas-fired tumblers should be tested to ascertain that 
proper pressure in the incoming gas supply is main- 
tained. This is normally recorded as a certain amount 
in inches of water and should be regulated to the 
specification established by the manufacturer. Addi- 
tionally, the fuel-air mixture should be checked for 
proper combustion. Normally the local gas company 
representative will check these for you. 

If your gas tumbler does not have a sensing control 
for degree of moisture in either conditioning or drying 
loads, check to make sure the timers are being set for 
proper times. If your workload now consists of higher 
quantities of blends rather than cotton, you can prob- 
ably reduce the timer settings. Also, check the time on 
fully dried loads as many plants over dry and this wastes 
fuel and reduces the total capacity of the tumbler. 

Flatwork Ironers 
Besides the things mentioned elsewhere in this Reporter 

about ironers and trapping and turning offstei'm when it 
is not in use, there are several other checkpoints for 
conservation. 

When the ironer will not be used for short periods of 
time (lunch hour), the pressure should be taken off and 
the machine should be stopped. This will give added life 
to aprons and padding, as well as save electricity. If the 
ironer is also equipped with a canopy, the exhaust motor 
can be turned off to prevent air being pulled from the 
chest area and exhausted to the outside atmosphere. This 
will save steam and electricity and maintain the temper- 
ature so the unit will be ready to pick up full production 
at die end of the lunch hour. 

You should also examine the type and quantity of 

SPECIAL REPORTER/MARCH 1992 



USACERL TR 95/33 107 

15 Super Savers—Steam Usage Checklist 
D Make sure pipes and hot water storage tanks are insulated. 
D Check for steam leaks throughout the plant. Repack valves that are leaking. 
D Check all traps for proper operation—replace or repair inoperative ones or those that are blowing through. 
D Check equipment which is not being used to make sure such equipment is turned off. If individual valves 

have not been installed to accomplish this, put valves in as needed. Make sure that valves which are turned 
off are seated properly and not leaking steam into unused equipment. 

D Check timers and controls for correct operation. Do not oversteam, overblow, or overdry in tumblers or 
presses. 

D Check condition of press surface areas—keep clean and bright for better heat transfer. 
D Check tumblers for adequate piping and ducting. 
D Check timers and/or timing of drying and conditioning loads. 
D Check lint traps for free air flows. 
O Check steam coils for lint buildup—clean them "äs required. 
D Check pressure of gas and combustion on gas-fired tumblers. 
D Check ironers for pressure removal during periods of inactivity and make sure motors are turned off. 
D Turn off vents in canopy when ironer'is not in use. 
D Check workload on ironer to be sure proper speeds are used. 
D Check padding, covers, aprons, and mechanical condition for maximum production. 

work being processed. If the workload has changed in 
nature, you may not have adjusted the speed to produce 
the maximum amount of work in the least possible 
time. The speed should be such that items will dry in 
one pass. If you have a quantity of items which have to 
be fed into the ironer twice to dry, you can save by 
reducing the speed. The second time through will 
usually be inefficient both in terms of handling and in 
fuel utilization since the item will be almost dry after 
the first pass and the second expends as much time and 
heat all over again. It is wasteful. 

If your workload has a high percentage of blends and 
you are still using the conditioning tumbler, you should 
check to see if you can eliminate the conditioning and 
still maintain the same productivity. 

Naturally, proper maintenance of the ironer's mechan- 
ical condition, padding, covers, and aprons will contrib- 
ute to the overall efficiency and prevent waste of energy. 

Conservation of Electricity 
Purchase power in many plants will be in excess of 

25 percent of the amount spent for oil or gas. It is 
another important energy source to try to save as much 
as. possible. A number of checkpoints follow. 

Fluorescent lamps give much greater illumination 
per watt then incandescent bulbs and have a' life ex- 
pectancy of more than ten times the incandescent 
bulb. A 40-watt fluorescent tube produces more light 
then a 100-watt incandescent bulb for less than half 
the energy cost. 

Heavy duty motors expend the most power when 
starting. Plants using centrifugal extractors should be 

sure loads are carefully balanced before starting the 
extractor. This avoids having to stop and restart these 
large motors. 

Multiple extractor starting times should be stag- 
gered so that the heavy draw on current it takes to start 
them all will not be on the line all at once. This will 
help to keep the demand rate at a lower level and save 
money on the power bill. This same idea will be bene- 
ficial for plants with multiple washer-extractors. Stag- 
gering the starting times will reduce the number of 
occasions when two or more will be going into extract 
at the same time. 

Turn off all equipment as soon as possible after it is 
no longer needed. Plant shutdown at the end of the day 
should be made the responsibility of one individual or 
a number of people with definite procedures to make 
sure that everything no longer being used is turned off. 
Post signs, at doors to storage areas or other areas used 
only occasionally to remind people to turn out lights 
when leaving the area. Make a checklist of outdoor 
lights, signs, night lights, etc., to make sure these are 
not burning during daylight hours. Automatic dusk to 
dawn switches can be put on some of these circuits. 

Clean or replace filters in equipment and ventilat- 
ing systems. This will keep air flowing freely, thus the 
motors will use less current. 

Eliminate excessive voltage drops. If expansions in 
the operation have included new equipment and existing 
lines have been extended for additional service, excessive 
line drops will cause motors and equipment to draw more 
current and run at higher ambient temperatures, causing 
inefficient operation. 
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Check machine loading procedures to ascertain that 
full loads are processed each time you operate your pow- 
ered machinery. There is virtually no difference in power 
consumed with partial loads, but in order to handle the 
same total tonnage, partial loads will require more run- 
ning time, use more energy, and cost more money. 

Consider earlier starting times during summer 
months to take advantage of long cool mornings to reduce 
the need for ventilating and cool systems. 

Check fill times in washroom operation. Frequently, 
a small reciprocating pump can boost water pressure to 
reduce total running time on automatic wash wheels 
or washer-extractors. Normally, the timer does not start 
until the wash level is reached, or rinse level, as the 
case may be. The pump will speed the fill time, shorten 
processing time, bum less energy, cost less money, and 
improve plant efficiency. 

Check the length of time extractors are running. If 
you are handling large quantities of blends, you may be able 
to reduce the extract time and still get good extraction. 

Check maintenance procedures to make sure equip- 
ment is in top operating condition. Equipment which 
does not get proper lubrication can put added drag on 
motors and require more energy. 

Water and Sewage Conservation 
Conservation of water and supplies in a laundry 

washroom can bring multiple savings. Dollar savings 
can be applied against increased costs for other sup- 
plies. And careful use of water can affect savings in the 
energy needed to heat it. 

Water rates have doubled and in some areas even 
tripled over recent years. Sewer service charges have 
skyrocketed. Our industry in some areas faces sur- 
charges on water disposal. Just because water always 
seems to be there, we should not feel free to waste it. 
We must learn to practice water conversation methods, 
due to a constantly increasing demand for water and 
the problems of sewage treatment, sewer and water 
costs will climb in the months and years ahead. 

One of the best ways to undertake these savings and to 
conserve water is to make a complete water survey of your 
plant. Your own plant engineers may be competent to 
conduct such a survey, or an outside consultant can do it 
for a fee. It will point out areas of savings and tell you the 
actual dollars and the gallons you can save. 

Here are some things to consider in water conserva- 
tion; many of the points covered here may suggest steps 
you should take. 

Automatic controls on water flow can reduce human 
error. Floats or pressure controls in tanks or thermo- 
static valves in cooling circuits can signal water de- 
mand to start or stop the water flow when the machines 
are in use. 

Investigate the reuse of water. Water now dis- 
charged from compressor jackets and condensers used 
in drycleaning is reusable. When it is fed back to a 
cooling tower in an evaporative condenser, you can 
reuse the water. 

Another water conserving program involves sepa- 
rating rinse water from sudsing water and reusing the 
rinse water for subsequent suds operations. The means 
for separating these wastes as they are dumped from the 
washers depend on the physical set-up of the wash- 
room. Some ingenuity may be needed to work out a 
system for each plant. The ideal arrangement would be 
double gutters under the washers. A tilt board or chute 
connected to the control chart would direct the suds 
waste to the sewer gutter and the rinse water to the 
other gutter which leads to a rinse water holding tank. 
The rinse water could then be pumped as needed 
through a filter and then through added piping to any 
washer calling for water for sudsing. 

This water would be soft, alkaline, and warm but 
would have to be heated by a coil in the tank or by 
steam injection in the piping or in the washer. A 
machinery manufacturer can apply a tilt chute and 
attach it to the controls to work in such a situation. 

If two gutters are not available, some plants might 
prepare a small sump in back of the washer where a 
chute could dump one rinse. This would have to be 
pumped to a holding tank right away. Smaller washers 
with dump valves on a pipe could be fitted with a "Y" 
in the pipe and dump valve on each branch. One valve 
could open to discharge the suds waste to the sewer, the 
other could allow the rinses to flow to a holding tank. 

Reusing rinse water for sudsing may save 40 percent 
of your water. This would mean nearly 40 percent 
savings on water costs, sewer rental, softening costs, 
and some heat. 

Check for leaking dump valves. Improperly seating 
valves may allow water to leak out of the washer during 
washing or rinsing. If enough leaks out to affect the 
water level gauge, a valve may open admitting more 
water. This is wasted water. It dilutes the supplies and 
may require their replenishment. Moreover, it can 
cause poor washing or redeposition. The same problem 
results if water level gauges are incorrect and excess 
water is used in washing or rinsing. Rinse height of 12 
inches instead of 10 inches in a 42 x 84 washer (or 300 
pound washer-extractor) is equal to 16 gallons in each 
of four rinses of one wash cycle. This is equivalent to 
64 gallons of water per load in a 300 pound machine. 
Six loads per day means 384 gallons per day, per ma- 
chine—enough water per year to wash almost 30,000 
pounds of work! 

Check your meter readings over a period of time, or 
check the volume charge on your water bill. In a recent 
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survey of water usage, we found that most laundries 
were using between 2.5 and 3.5 gallons per pound of 
work processed. This figure is found by dividing the 
total gallons used per period (week, month, or year) by 
the weight of fabrics processed in the same period. 

Some plants reported very unusual figures. Some 
indicated less than Vi gallon used per pounds of load. 
Other had usage figures of 10,15, or 20 gallons. 

Continuous batch washers or tunnel washers will 
save large amounts of water. They will use approximately 
1 Vi gallons per pound of linen. Such washers are found 
in many hospitals doing large quantities of linen. 

Weigh leads being prepared for the washroom- Vb 
ensure thacthe. washers are neither underloaded nor 
overloaded. Accurate loading will utilize machine, man- 
power, and supplies at an efficient rate. If you underload 
washers you still use approximately the same amount of 
water in the wash formula. If you overload, you may find 
you have to do reruns on the work being processed. 

From 50 to 60 percent of the boiler horsepower 
required in a plant is generally used to heat hot water. 
Review your formulas. Can they be altered to cut water 
consumption? Or can you use less hot water? 

Review formulas to determine if extraction time can 
be reduced. The high volume of polyester in sheeting 
material should reduce extraction time approximately 
two-thirds from what it was previously run on all cotton. 

Extraction 
Consider collecting water from centrifugal or 

squeeze-type extractors. You may economically recover 
15 to 25 gallons of water here for every 100 pounds of 
laundry processed. Saturated moisture in a load is 0.2 
to 0.3 gallon per pound, or 30 gallons per 100 pounds. 
A plant processing 30,000 pounds a week, then would 
gain 9,000 gallons of water a week. 

Check water levels to be sure that you are getting 
what the formula calls for in the way of inches of water 
in the suds or rinse operation. By controlling this accu- 
rately, you may well save 8 to 10 gallons per inch in the 
amount of water used in each step of the wash formula. 

Check the condition of the washing equipment. 
This may help to save water and supplies. Make sure 

that all water connections are tight. Replace washers 
in leaky faucets. A faucet leaking at the rate of 200 
drops per minute (this is a fast drip but not a steady 
stream) wastes the equivalent of 5,145.5 gallons in a 
year. This is not much money in terms of dollars, but 
this is enough water to wash about 1,500 pounds of 
fabric. Further, how many faucets, valves, and pipe 
joints are leaking this fast or faster? 

Post the formula for each type of classification being 
run in that machine. Get a specific size cup or scoop to 
hold the quantity of supplies needed for each step in 
the formula. For example, if you need eight ounces of 
sour in a formula, get a container or scoop at a local 
hardware store that will measure out exactly that 
amount. Check all wash formulas, and be sure the 
proper portion of each supply is being used. If excessive 
amounts of supplies are used, you'll have to do addi- 
tional rinsing. Do not use more suds or rinses than are 
necessary to provide a good wash. 

Check water hardness, if your water source gives you 
water that is over 2.5 grains per gallon, a water softener 
should be used. 

Check and maintain the incoming hot water range. 
In most plants, maintaining a range of 150° F to 160° F is 
acceptable. In a plant that may use a large amount of 
hotter water you can review whether this incoming water 
temperature should be increased. Generally, any special 
need for higher water temperatures can be met through 
the use of steam injection for the isolated case or the 
limited classification requiring the high temperature. 

Classify your loads so as to minimize washing time 
and still get good washing. Except in the cases of 
extreme emergency for work flow pattern, never mix 
heavily soiled work with lighter soiled classifications in 
the same machine. 

Keep a sufficiently high water pressure feeding the 
supply injectors of your washers. This could vary de- 
pending on the moment of demand. Some plants have 
installed a water injection tank to ensure pressure to 
flush in supplies. 

Use the checklist on page 8 for checking your water 
and sewage conservation.The second chart on page 8 
lists commonly overlooked energy savings. 
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Water and Sewage Conservation 
Checklist 

D Reuse of water 
a) Cooling water to sewer (air conditioning, 

compressors) 
b) Rinse water 
c) Water from centrifugal and squeeze type 

extractors 
D Leaks 

a) Faucets 
b) Valves 
c) Connections 
d) Dump valves 
e) Steam leaks 

D Modify existing washroom formulas 
a) Reduce extraction time if possible 
b) Use less hot water 
c) Use proper formula for type and degree 

of soil 
D Utilize washroom equipment at rated capacity 
D Maintain water pressure to equipment 
D Maintain proper levels in washers 

Energy Savings Overlooked in Many Plants 
D Insulate all hot pipes and tanks 
D Test steam traps for "blow through" 
D Keep boiler burner in tune 
D At night, set back temperatures where heat is 

kept in plant 
D Check boiler for "coast down" and "start up time" 
D Relocate air compressor intake to outside 
D Install valves to isolate sections of the plant when 

not working 
□ Repair steam and condensate leaks 
D Repair water leaks 
D Repair air leaks 

This bulletin was written by Ken Faig, Division Director—Education. 
Printed in the United States. All rightj reserved. No part of this work may be reproduced in any form or by electronic or mechanical means including information storage and rerhcval systems without per- 
mission from the publisher. 

SPECIAL REPORTER/MARCH 1992 



USACERL TR 95/33 111 

Appendix E: Model Laundry Operations 
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