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ABSTRACT 

This paper describes test procedures proposed to be 
used to determine the acceptance or operational per
formance of solid waste incinerators with heat recov
ery. The throughput capacity of the heat recovery 
incinerator, volume and mass reduction, environ
mental emissions, and overall thermal efficiency are 
used as performance indicators. 

To develop the performance test, the manufacturers 
of heat recovery incinerators (HRI's) were contacted 
to obtain literature describing their products. The lit
erature was reviewed to determine the characteristics 
that manufacturers use to describe their HRI's, and to 
learn general operating procedures and conditions. 
The Power Test Codes of the American Society of 
Mechanical Engineers (ASME) were reviewed to see 
whether they could be used for testing HRI's. In ad
dition, the proposals presented at the last three Na
tional Waste Processing Conferences were also 
reviewed. Four efficiency test procedures-the input
output, heat-loss, modified heat-loss, and calorimeter 
methods-were identified from this information, along 
with an alternate concept of separate combustion ef
ficiency and thermal energy recovery testing. Rec
ommendations are made as to what should be 
considered as the "standard" for acceptance testing, 
based upon a user's perspective. 
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INTRODUCTION 

The Resource Conservation and Recovery Act of 
1976 recommended the use of recovered-material de
rived fuels to the maximum extent practical in Fed
erally owned fossil fuel fired energy systems. To fulfill 
the intent of this Act and to take advantage of possible 
energy cost savings, the Army has undertaken the task 
of installing heat recovery incinerators (HRI's) at var
ious installations throughout the continental United 
States. To provide planning guidance for such HRI 
installations, the U.S. Army Construction Engineering 
Research Laboratory (USA-CERL) has developed 
several publications [1-3]. Currently, HRI's are op
erational at Fort Eustis, Virginia, Fort Leonard Wood, 
Missouri, Fort Rucker, Alabama, and Redstone Ar
senal, Alabama. By 1990, it is expected that waste may 
be burned at over 15 Army installations. 

Unlike other large-scale equipment, such as coal- or 
oil-fired boilers, no standard performance test is cur
rently available to assess field performance or to use 
as an acceptance test specifically for HRI plants. 
Within the Army, Directorates of Engineering and 
Housing (DEH's) and District Engineers need stan
dard performance test procedures to trouble-shoot 
HRI systems and to ensure that new HRI's meet waste 
throughput and efficiency specifications before the sys
tems are accepted and turned over to the DEH for 
operation. 



Manufacturers of HRI's were contacted to obtain 
literature describing their incinerators. The literature 
was reviewed to determine the characteristics that 
manufacturers use to describe their products, and to 
learn general operating procedures and conditions. The 
American Society of Mechanical Engineers (ASME) 
Power Test Codes (PTC 4.1 and PTC 33) were re
viewed to see whether they could be used for testing 
HRI's. The Naval Civil Engineering Laboratory pro
cedures in HRI testing were reviewed for applicable 
testing information. It was determined that the basis, 
or core, of the acceptance test should be the repeated 
ability to demonstrate that the unit will operate at the 
specified thermal efficiency while simultaneously 
achieving the rated throughput capacity, weight and 
volume reduction, steam (or other thermal) output, 
and environmental emissions. While thermal efficiency 
(the ability to release the theoretical heat energy avail
able in a useful form) can not be the sole criteria for 
acceptance, it is the best single indicator of the cor
rectness of design and quality of manufacture. 

The Army's requirement is for an acceptance test 
developed for HRI's in the range of 20-100 TPD (18-
9 1  tpd) of solid waste. Tests for compliance with clean 
air requirements are defined by local, State, and Fed
eral agencies. It is intended that new HRI's meet stip
ulated capacity, volume and weight reduction and 
efficiency guarantees while operating in compliance 
with clean air requirements. Therefore, the test pro
cedures must be conducted concurrently with envi
ronmental testing, assuring compliance with air 
emission standards during normal operation. 

Unfortunately, no matter how rigorous an accept
ance test is, the performance standards that the HRI 
is required to meet must be clearly and completely 
defined in the project specifications. The test itself will 
not prevent or correct problems that previous HRI 
projects have encountered. However, the test proce
dures described in this paper will reveal the existence 
of these problems. 

ELEMENTS OF A GOOD ACCEPTANCE TEST 

The question of an appropriate and accurate HRI 
acceptance test is a matter that has been discussed in 
technical papers at the three ASME National Waste 
Processing Conferences in 1980, 1982, and 1984 [4-
7]. The acceptance testing of an HRI is a very complex 
issue due to both the variability of the quality (heat 
content versus moisture and noncombustibles) of the 
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refuse and the variety of technologies used to bum it, 
some of which are still developing. The simplest ac
ceptance test would be to see if the HRI could produce 
the rated amount of steam when firing the rated 
amount of refuse and supplementary fuel (if required). 
Unfortunately, this does not take into consideration 
possible variations in the heat content (Btu/lb) of the 
waste which may allow a poorly operating unit to still 
make its rated steam output (high Btu waste) or may 
prohibit a well operating unit from making its rated 
steam output (low Btu waste) at the rated mass firing 
rate. There seems to be a general consensus by most 
investigators, in this area, that thermal efficiency is the 
best indicator of quality of performance, since it takes 
into consideration the heat content of the waste stream. 

However, none of the investigators that have re
ported at the conferences referenced above, has directly 
addressed the problem of how much the thermal ef
ficiency of the various HRI technologies may change 
due to "off design" operation as a result of burning 
waste of a quality other than that specified. The main 
controversy seems to be the method (and the degree 
of effort) that should be the standard in determining 
that thermal efficiency. Much of this controversy is 
prompted by the difficulty in determining the Higher 
Heating Value (HHV) of the waste. The various pro
posals that were made, have had the implied aim of 
minimizing the effect of this uncertainty. Very little 
effort has been made to develop automated equipment 
for more economic and accurate determination of the 
waste HHV. The National Bureau of Standards (NBS) 
has developed a calorimeter for "large", kilogram size 
RDF pellets. However, the methods for making this 
determination are still very labor intensive and involve 
the collection and processing of large amounts of waste 
in order to achieve a reasonable accuracy. 

In addition to the above, it must not be forgotten 
that thermal efficiency can not be the sole criterion for 
acceptance, although it may be the central part or core 
of testing. The plant must also have the capability of 
processing the design amount of waste, produce ac
ceptable environmental emissions, discharge ash that 
exhibits the desired volume and mass reductions, and 
do all of this reliably. The plant must be able to do 
all of these things, including demonstrating an ac
ceptable thermal efficiency, at the same time. USA
CERL is currently recommending that acceptance test
ing consist of three 24 hr runs conducted within 5 days 
in order to demonstrate reliability. Wjth the exception 
of thermal efficiency testing, all of the above criteria 
have very specific and well defined methods of being 
measured. 



THERMAL EFFICIENCY TESTING 

PROCEDURES 

The efficiency testing procedures described in this 
paper can serve two purposes. First, they may be used 
as the basis of an acceptance test to establish whether 
a specific system has complied with the capacity, vol
ume and mass reduction, and efficiency criteria in the 
specification under which it was purchased. Second, 
these tests can be used as a periodic performance eval
uation indicating when abnormally high inefficiencies 
are occurring. In this instance, the test is conducted 
regularly and the information is compared with that 
from previous tests. Reduced thermal efficiency may 
also indirectly indicate the possibility of environmental 
emission problems. This comparison may be made be
cause of the common procedure and data base. 

To accomplish these tasks, four thermal efficiency 
testing procedures have been identified, along with an 
alternate concept of separate combustion efficiency and 
thermal energy recovery testing. The primary proce
dures are the input-output, the heat-loss, the modified 
heat-loss, and the calorimeter methods. Figure 1 pro
vides a very simplified illustration of most of the factors 
that must be considered in utilizing these methods. 
They are discussed in detail in the previously refer
enced papers [4-7] and are described by the following 
equations: 

Input-output method: 

Thermal efficiency (%) 

Heat-loss method: 

Thermal efficiency (%) 

Useful Heat Output 
X 100 (1) 

Heat Input 

- X 00 
LOSSeS ) 

1 
Heat Input 

(2) 

Modified heat-loss method: 

Thermal efficiency (%) 

Major LOSSeS) - X 100 
Heat Input 

(3) 
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FIG. 1 ENERGY FLOW 

Calorimeter method: 

Thermal efficiency (%) 

( Useful Heat Output ) 
100 

= Useful Heat Output + Losses 
X (4) 

INPUT-OUTPUT 

As the name input-output implies, only the energy 
inputs and the useful energy outputs are measured. 
The main disadvantage with this method is the ac
curate determination of the heat content of the waste. 
This normally involves the collection of large amounts 
of waste and making the determination based upon 
many laboratory analyses, sorting the waste into its 
components, or making a visual estimation. This 
method of efficiency determination is essentially based 
upon the very definition of thermal efficiency. How
ever, it will only indicate that a problem exists and 
does nothing to define the problem. 

The main advantage of the input-output method is 
that it is the simplest of the four. Much of the required 
instrumentation should already exist as a part of the 
system's normal operating controls. Moreover, there 
is a requirement for less data and laboratory analysis 
than with the other methods; except for the modified 
heat loss method, which is also the least accurate. The 
only method that has the potential for more accuracy 
than the input-output method is the calorimeter 
method, which is also very complex. 

HEAT LOSS 

The heat-loss method, which is also sometimes 
(erroneously) referred to as the heat-balance method, 
is less accurate than the input-output method. This 



method involves the measurement of heat losses from 
the system, such as sensible and latent heat in the flue 
gas, sensible heat in the ash, combustible material in 
the ash, radiation and convection from the incinerator 
and boiler surfaces, latent heat from evaporation of 
ash quench water, and heat contained in boiler blow
down. This method varies from the calorimeter and 
input-output methods in that the useful energy output 
is not measured, but the total heat input is measured 
and some smaller heat losses may be partially esti
mated. The accuracy of this method is variable, based 
upon the number of the losses estimated and the ac
curacy of that estimation. In addition, this method is 
also affected by the accuracy of the determination of 
the heat content of the waste, as noted above; and the 
accuracy of the determination of the moisture in the 
flue gas, which will have a large impact upon the gas 
latent heat losses. The results of a heat-loss determi
nation will never agree (in practice) with the results 
of the input-output method (based upon coal fired 
boiler experience), although the difference may be as 
little as 2%. 

While the heat-loss method is more difficult and 
potentially less accurate than the input-output 
method, its advantage is that it does provide more 
useful information. For example, if an incinerator sys
tem is not operating efficiently, this method should 
show where the excessive losses are (e.g., unburned 
carbon in the residue, high exit gas temperature, etc.). 
Hence, this method is most valuable in identifying 
operating and maintenance problems, and preferred by 
many engineers for all types of fossil fuel fired facilities. 

SHORT FORM (MODIFIED) HEAT LOSS 

The least accurate method is the modified or "short 
form" of the heat-loss determination. This method was 
proposed by Hecklinger and Grillo in 1982 [5] and 
based upon earlier recommendations by Stabenow in 
1980 [4]. Although it is the least accurate, it is also 
extremely simple and quick. It is based upon the as
sumption that the major heat loss in the system is up 
the stack and normally involves taking only O2 and 
temperature measurements on the stack gases in ad
dition to measuring the fuel firing rate. This is a good 
assumption for oil/gas fired boilers and is reasonable 
for most of the larger coal fired boilers where efficient 
combustion of the fuel is very certain and the amount 
of moisture in these gases is low and well defined. With 
the thermal efficiency calculation depending so heavily 
on so few measurements, the highly variable and gen
erally larger amounts of moisture in the stack gases 
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from an HRI can have a large impact on the results, 
as noted above in the discussion of the heat loss 
method. Additionally, incomplete combustion of the 
waste can result in losses as significant as the stack 
losses as demonstrated by some of the operating in
stances at Fort Knox and Fort Eustis where labels and 
other paper goods were readable after going through 
the incinerator. This can be compensated for by mea
suring the ash production rate and the carbon content 
of the ash. Unfortunately, that would make this 
method almost as complex, but still less accurate than 
the input-output method. However, this method could 
be used for day-to-day comparative indications of 
changes in thermal efficiency that may require more 
detailed investigation. It could also be used to monitor 
the results of changes associated with the operating 
crew and/ or maintenance procedures. 

CALORIMETER 

The most rigorous method (which is used in Europe) 
is to use the HRI as a continuous calorimeter. The 
calorimeter method is much more complex than any 
of the other methods. It involves doing a complete 
mass and energy balance around the HRI, with the 
only unknown being the heat content of the waste 
stream. This involves a very large number of mea
surements (some of which can be quite tedious, such 
as heat loss to ash quench water including evaporation) 
and much more instrumentation than normally found 
on all but the largest HRI's. Essentially, all of the 
losses associated with the heat-loss method, and the 
energy output measurements associated with the in
put-output method, must be actually made, and not 
estimated. If these measurements are made carefully 
with accurate instrumentation, this method would pro
duce the most accurate results, and avoid the problem 
of determining the heat content of the waste. However, 
the measurement of the total moisture of the flue gas 
is still a major problem at this time, since the traditional 
EPA Method 5 only involves grab samples. The 
amount of this moisture can be quite significant if 
internal sprays are used to cool the combustion zone, 
the waste is very wet, and/or a quench, ash cooling 
system is used that is not isolated from the combustion 
zone. In addition, the potential improvement in ac
curacy over the input-output method is not significant 
(0.73% [7]) based upon the size range and lack of 
sophistication of typical Army HRI plants. 

Due to the complexity involved, the not yet totally 
resolved question of measuring the moisture in the flue 
gas, and a relatively small increase in accuracy, this 



method is not considered appropriate for the size and 
type of HRI plants the Army would typically build. 
Starved air technology (the most common type of 
plant), specifically, is not sufficiently developed to war
rant this level of accuracy, and additional instrumen
tation would have to be supplied (at a significant 
additional cost)" especially for the testing. However, 
this method would be appropriate to very large (greater 
than 75 TPD / unit) excess air/water wall plants that 
also might include electrical cogeneration, and would 
most likely already have all of the instrumentation 
necessary, and represent both a state of the art and a 
magnitude of investment that would warrant this level 
of accuracy and effort. This type of plant w"uld be 
typical of what the Army would be involved with on 
a joint basis with a local municipality. 

AN ALTERNATE CONCEPT 

The basis of this alternate concept is to consider that 
an HRI facility has two basic purposes: thermal re
duction of the waste and energy recovery. These two 
functions could be examined separately and tested in
dependently of each other. This would involve testing 
the boiler (separate or integral) by delivering to it the 
rated amount of hot gases at the temperature specified, 
and measuring its thermal efficiency by conventional 
methods. These hot gases would be produced by con
ventional firing of gas or oil. The efficiency of the 
incinerator itself would be measured only by deter
mining the amount of carbon in the ash as an indicator 
of completeness of combustion at the design firing rate. 
The functioning of the incinerator and the heat content 
of the waste would not be directly involved in the 
determination of the efficiency of producing useful 
thermal output. Unfortunately, incinerators are not 
normally supplied with start-up and auxiliary (sec
ondary zone) burners of sufficient size to produce the 
boiler's rated steam output with out burning any waste. 
However, some manufacturers of modular starved air 
systems do offer an option of a burner installed in the 
heat recovery boiler, capable of full steam production, 
as a back-up, in the event the incinerator ceases to 
function and steam output must be maintained. In 
those cases, this separate testing concept could be ap
plicable. 

CONCLUSIONS AND RECOMMENDATIONS 

This paper has documented the investigation of a 
standard performance test for Army HRI's. The pro-
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posed test methods are based on existing AS ME boiler 
and incinerator test procedures. A summary compar
ison of them may be found in Table 1. Unfortunately, 
there has not yet been any field comparison of these 
methods, and they have only been examined on a the
oretical basis. It is recommended that the input-output 
method be used by the Army as the basis for the 
thermal efficiency portion of acceptance testing. The 
heat-loss method should be used to isolate the areas 
of inefficiencies should losses be excessive. The mod
ified heat-loss method could be used for routine mon
itoring of the system. It is also recommended that the 
Army encourage the use of the calorimeter method for 
commercial HRI installations of unit sizes larger than 
75 TPD (generally beyond starved air size), since that 
method seems most appropriate for plants of that size 
and expected sophistication. The alternate concept of 
separate combustion efficiency and thermal recovery 
testing should be allowed as an alternative where ap
propriate. 

The procedure recommended above has been field 
tested for applicability at the Redstone Arsenal, Ala
bama, HRI. Revisions were made to the test procedure 
details to maximize the use of field available equipment. 
In addition, contractor-supplied data from perform
ance and emissions tests at the Fort Leonard Wood, 
Missouri, HRI have been reviewed to evaluate the 
results of the procedure. 

This paper is a condensation of a technical report 
currently being prepared by the US Army Construction 
Engineering Research Laboratory. The final report will 
discuss in much greater detail, the above testing meth
ods, data requirements, and the procedure for con
ducting an acceptance test with consideration of field 
experience. When published, this report will be avail
able through NTIS. 
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