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· ABSTRACT 

This report assesses the technical and economical feasibility of converting 

municipal waste into useful and useable energy. The concept presented in

volves retrofitting an existing municipal incinerator with the systems and· 

equipment necessary to produce process steam and electric power. The.C:ori

cept is economically attractive since the cost of necessary waste heat 

recovery equipment is usually a comparatively small percentage of the cost 

of the original incinerator installation. In addition, the fuel, municipal 

refuse, is abundant 1n supply and free of charge. Technical data obtained 

from presently operating incinerators designed specifically for generating 

energy, documents the technical feasibility and stipulates certain design 

contraints. 
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· ~~ A~ .INTRODUCTION 

On September 15, 1980 United Merchants and Manufacturers, Inc. commissioned 

J. E. Sirrine Company to serve as a subcontractor to accomplish a feasibil

ity study and prepare a report on Energy Utilization from Solid Waste 

Incineration. The objective of this study and report was ~o assess the 

technical and economic feasibility of converting municipal waste into use

ful and useable energy by retrofitting an existing municipal incinerator 

with the systems and equipment necessary to produce process steam and 

electric power. The study and report includes an assessment of feasibility 

and a preliminary conceptual design for energy utilizat1on from solid 

waste incineration. 

This study includes a thorough investigation of similar projects and a 

literature search of background information sources. The assessment of 

feasibility includes the following considerations: 

o An evaluation and assessment of the proposed site and facilities 

for compatibility with the pr~~osed retrofit with respect to phy-_ 

sical size, accessibility, availability of utilities, and down time 

schedule necessary for the conversion. 

o Availability of competent personnel to staff the operating and 

maintenance functions of the facility after the proposed conversion. 

o Environmental effects of the proposed retrofit on the ecology of 

the surrounding vicinity. 

o Need and availability of alternate fuel sources to maintain steam 

and electrical generating capacity during periods of planned or 

forced outages of the incinerator, and plans for accomodating the 

surplus energy available during periods of low user demand. 
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A. INTRODUCTION - Continued 
" 

o Seasonal variations in the characterization and quantities of re

fuse delivered t6 the incinerator and the resultant effects on the 

operation of the retrofitted facility, ability of the facility to 

meet energy demand, arid any other effects such as corrosion due to 

changes in composition of the material being incinerated. 

o lhe effects and ways of dealing with the formation of slag on the 

steam generating surfaces of the retrofit boiler. 

o The effects and wa.vs of dea 1 i ng with foul i.ng of these surfaces 

other than by !»lagging. 

o Method and practicality of final cleanup of the effluent gases to 

meet environmental ·standards. 

o Metal wastage of steam generating surfaces by erosive gas 

scrubbing. 

o Dew point corrosion of the generating surfaces. 

o Maximum or proper operating temperatures to prevent high tempera

ture corrosion due contact with gases and compounds such as HCl, 

Cl2, K2S07, NaCl, ZnCl2, and pbC12, ahd the result of these con

straints on the operability and capacity of the facility. 

The preliminary conceptual design includes: 

o ~eneral arrangements and a flow diagram to identify and define the 

scope of the project. 

o A steam/electrica-l power balance of the compOsite facility. 

o A preliminary equipment list of all major components of the 

retrofit. 
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~· INTRODUCTION - Continued 
,.j' t 

o Based on the equipment list, vendors' quotes and other informa

tion, a cost estimate of the total project is presented which in

cludes estimates of the cost of all engineering effort, spare parts 

inventory, sales tax, license fees and use permits in addition to 

the estimated cost of all site work, foundations, interplant con

nections, electrical, sewer, service water, compressed air and 

other piping work as well as structural steel fabrication and erec

tion and the purchase, installation, and checkout of the components 

and acceptance testing of. the completed retrofit. 

All cost estimates are based on current costs. An escalation allowance 

1S 1ncluded based on the projected design and construction schedule. 
•i·;·. 

This schedule, with identifying milestones, is included as an intre:gal part 

of the preliminary design. 

·The predominant technological risks concerning this project involve both 

high and low temperature corrosion, slag and fouling of heat transfer 

surfaces, and metal wastage by er0sive gas scrubbing. A literature 

search failed to produce documentation of an operating, retrofit WHRS on 

a solid waste burning incinerator. Much has been written on municipal 

inci.nerators designed specifically for energy generation from solid waste 

refuse. High temperature, high pressure systems suffer severe problems 

related to corrosion, fouling ahd slagging. Low temperature, low pres

sure systems operate within a temperature range that minimizes corrosion 

and slagging. Metal wastage resulting from erosive gases are minimized 

by wide gas passes. The low temperature, low pressure WHRS presented in 

this report is the result of an indepth study of existing systems consi.d

ered adaptable or pertinant to energy utilization from solid waste 

incineration. 
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A. INTRODUCTION - Continued 

The major systems studied were firetube and water tube waste heat recovery 

boilers, heat pipe waste heat recovery boilers, Organic R~nkine Cycle 

turbine-generators, a steam Rankine cycle topping turbine, a steam Rankine 

cycle condensing turbine, and a steam Rankine cycle turbine wi-th ·atmos

pheric exhaust. An assessment of feasibility considering each system and/ 

or a cQmbination of systems resulted in a concept comprised of heat pipe 

waste heat recovery boilers for steam generation and the traditional steam 

Rankine cycle turbine-generator with atmospheric exhaust. 

The conceptual WHRS would be compri:sed of waste gas ductwork and a damper 

system to bypass waste gases from the incinerator into heat pipe waste 

heat recovery steam boilers and back into the existing exhaust gas system. 

The steam generated by the W~IRS (62 ,300 pph at 350 psi g-4600f) would-. be 

.divided with approximately half of the steam being piped from the incin

erator facility to the existing steam system at the textile complex. The 

other half of the steam generated by the WHRS would be piped to a multi-

. stage, backpressure steam turbine and e.lectric generator located at the 

incinerator facility. The electricity would be routed to·. the textile com

plex by transmission cable. The firing_ rate of the incinerator is erratic. 
. ' 

and totally .independent of steam de~and. Therefore, the process steam 

requirements would be met first and the turbine generator would then 

modulate on the remainder. The amount of electricity generated would 

depend on pro~ess steam requirements and the firing rate of the incinerator~ 

To properly ope_rate and maintain the ~~RS and meet the codes for the 

State of Massachusetts ·three (3) class II operators and one (1) first 

class mechanic would be required. At current labor rates including 
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' ·• A: IINTRODUCTION - Continued 

frioge benefits, the total annual wage costs would be $86,965/year. 

Individuals at the above competency leve·l are ava:ilable in the local 

area. 

The proposed design and equipment selection:: is. compatable with the ex-

. isting facility _and site in· ·respect to physical size·, accessibility; 

availability of utilities, and ·the down ·time· schedule necessary for the 

conversion. The retrofit WHRS WQuld be installed in a by-pass duct 

arrangement which would neither. help nor hinder the present environmental 

sta~us. The ~e~hod ~nd practi~qlity.of final clean~:~p of the effluent 

gases .to meet environmental standards would inv~lve·an ·Hidependent study, 

totally unrelated to waste heat recovery and not inCluded in the scope. 

of the contract. 

The ~stimated total· energy generated fro~ inciner.ating H) tons of muni-
. ~ . . . .. . . ' 

cipal solid waste per -hour is 93.5 x 1·06 BTU/hr. Cons{dering losses 

from radiation,. unburn~bl~ materials, waste gas.leaka.ge'·arounq damper~, 

and miscellaneous unaccountable losses! ·it is estimated ·that 92~026 x. 

106 ~T~/~r. would be available fqr waste he~t 'recovery.· ·The waste heat 

recovery system (WHRS) wou.ld be 7L4~%·eff~ctive, therido.re, the re

covered ~nergy would be 6~.734 x ·106 Bil!/hr .... Tnis en·~r9:{savings can 

qu1te readily be conv~rte~ tQ its fuel oil equiv!!lenc,Y.' · 

Con~i~~ring No. 6 fuel Q.il with a he~~ing v~1u~ of 149~~00 BTU/g~llon, 

th~. 1nc1nerator operating 10~ hours/¥Jeek~ 52 we~ks/yea(, ~h!=! ann~al 

energy recovery converted to Nq. 6 oil at 85~.effici~ncy is ?,903,100 
~- . : . 

gallons/y~ar. 
. . . 
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· ,, B. 1 SUMMARY 

At the Fall River, Massachusetts municipal incinerator flue gases from 

the combustion of municipal solid waste are vented to the atmosphere 

comprising a gross energy loss of approximately 93,500,000 BTU/hr. A 

retrofit Waste Heat Recovery System (WHRS) installed at the incineration 

facility could recover and effectively utilize energy equivalent to an 

estimated 2,903,"100 gallons of No. 6 fuel oil per year. 

The WHRS would generate steam and electricity. The re.covered energy 

would provide space heating for the incinerator facility during cold· 

weather. .In addition, the WHRS would provide 100% of the process steam 

requirements, and approximately 50% of the annual average electrical 

requirements for the adjacently located United Merchants and Manufacturers 

textile complex. 

The current estimated total installed cost of the proposed WHRS is 

$4,023,400. Th.e total escalated project cost is estimated to be 

$4,523,000. The pretax Return On Investment (ROI) is 51% and the pay- . 

back is 2.2 years. Start-up of the WHRS would be approximately 18 

months after start of detailed design. 
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C. COST SUMMARY 

Equipment 

Equipment Erection 

Equipment Foundations and Other 
Structural Costs 

Buildings and Structures 

Electrical Installation Cost5 

Instrumentation Installation Costs 

Piping Costs 

Area Costs 

TOTAL DIRECT COST 

Contingency 

TOTAL CURRENT DIRECT COST PLUS 
CONTINGENCY . 

$1 ,810,450 . 

.449,l50 

18,600 

418,000 

320 7~mo 

18,000 

150,000 

500 

$3,184,900 

318,100 

$3,503,000 
--------------------------------------------------------------------------------------------------· 

Engineering 

Soil Tests 

Construction Management 

Spare Parts Allowance 

Sales Tax Allowance 

Start-Up Assistance 

Preparation of Operating 
· & Training Manual~ 

Project Coordination &·General 
Overhead.· · 

TOTAL CURRENT INDIRECT COST 

$ .. 228,000 

6,000 

15,000 

45,000 

. 72,500 

1,500 

2,400 

150,000. . 

TOTAL CURRENT PROJECT COST $4,023,400 

Escalation Allowance 499.600 

TOTAL ESCALATED PROJECT COST .$4.523,000 
. . . .·· . 
.. . . 
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D. DESCRIPTION OF PROCESS AND FACILITIES 

Th~ Fall River Massachusetts municipality owns and operates a solid waste 

incineration facility comprised of two identical solid waste refuse incin

erators. Presently one incinerator at a tim~ is ·in operation with the 

second unit serving as a ~pare. The energy generated from the CQITlbustion . . . . 

of municipal solid waste in the incinerator~ is not being recovered. 

Each incinerator is rat~d to consume 300 tons of refuse per day, however, 

the units are presently operated at 240 tons per day. The incinerators 

operate 108 hours per week. Normal operating hours are from midnight 

Sunday until noon Friqay 52 weeks per year. The incinerators are subject 

to unscheduled outages due to equipment failures. However, follow-Ing an 

outage the firing rat~ is increased and the units may be operated through 

the weekend to eliminate the accumulation of refuse. 

Unsorted refuse ·is truck~d from the Fall ~iver municipality to the inc;n.., 

erator and dumped directly into a concrete holding pit. An overhead 

travelling crane with a clamshell bucket transfers the refuse from the 

holding pit to the feed chute. The refuse gravity feeds via the feed 

· chute onto oscillating grat~s in the furnace ar~a. Once ignited by 

natural gas burners the refuse sustains combustion and the gas burners 

are extinguished. Undergrate forced draft air s.upports primary combus

tion. Ov~rfire air fans force· ambient air ttirough ducted ports near the 

roof of the furn~c~. The overfire ~ir serves two purposes. First, the 

overfjr~ air $UPPO.rts secondary combustion of volatile gases liberated 

.during primary ~ombustion of the refuse~ Second, a high volume of 

secondary air at ambient temperatures attemperate the 1725°F gases to 

14000F. 
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D. DESCRIPTION OF PROCESS .AND. FACI{ITIES ..,. Continued 

The 1400°F gases traverse ov~r a bridge wall into a fourteen foot square 
. . . . ' 

secondary combustion' cha!'lber. 
:.. . . . 

The gases flow. downward through the· 
~ , ... 

secondary combustion chamber. At the bottom of the $econdary combustion 

chamber the gases turn and are ducted horizontally through a water spray

ing ring {sparging duct) which reduces the temperature of the gases to 

approximately 2500F. From the sparging duct the gases a·re drawn through 

a Peabody wet scrubber and enter the induced draft fan at a temperature 

of approximately l50°F .. The gases exit the induced draft fon; pass 

tht"ough a ser·ies uf 1on1z1rig scrubbers; then to the smoke stack; and 

finally discharged to atmosphere. 

The ashes, metal and other materials not burned drop from the end of the 

grate into one of two flight conveyor troughs. The. flight. conveyor 

transfers the materiai to a dumps.ter where salvageable metal is recovered 
. . 

and so'ld fo·r scrap iron·~ The remaining material is trucked to landfill. . . 

Adjacent ~o the incinerator facility United Merchants and Manufacturers, 

Inc., (UMM) owns and operates a textile complex that employs ~84 people~ 
' ·.· . . . '• 

. The comp 1 ex operates 24 . hours ·per day five days per week. .On an an.~Lia 1 

average basis the facility r~quires 2,000 kw/hr. of electricity and 

33,500 pph steam for space heating and process uses (See Appendix Kll. 

Steam for the textile complex is generated· by thr.ee fossil fuel fired 

boilers. Two of the boilers fire No. 6 oil and one boiler fires either 

No. 6 oil or natural gas. If a WHRS project were i~plemented the exist

ing boilers would be retained for stand-by service~ 
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D. DESCRIPTION OF PROCESS AND-FACILITIES - Continued 

The WHRS wculd proctuce 1,650 icw however, during nonnal' operatioh the 

WHRS itself will require app_roximatel.y 300 kw to operate attemp~r~ting 

gas fans and pumps. This energy is r~quired for. both start-up .and con-

tinuous Qperation of the W~RS. 

local vt1lity. 

Therefore, it must be supplied by the 
. . 

. · .. : 
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E. 'coNCEPTUAL DESIGN 

The proposed waste heat recovery system (WHRS) presented in this report. 

e~tails a conceptual design. The concepts presented, equipment·p~opo5ed, 

and related costs reflect basic engineering concerns not a detailed design. 

The concept presented is technically feasible, however, t;he final design 

may vary considerably from the-proposed concept. 

The technical feasibility of a WHRS involves an in-depth analysis of the 

types of waste heat recovery eq~ipment presentl:y available, compatibility 

of proposed equipment with ·resp~ct to site arrangement, environmental 

effects of the proposed -retrofit, anci considerations to minimize slagging, 

fouling, metal erosion and corrosion. We have investigated the applica-
. . --··- --- ..... . 

of an Organic Rankine cycle turbine (see Appendix K2). However, consider

ing the quantity and temperatures of the waste gases the most effective 

system would be the traditional steam Rankine cycle system comprised of 

WHRS steam generators and a steam powered turbine driving an electric 

generator. 

Presently, there are two popular types of WHRS steam generators on the 

market. They are the traditional scotch ma-rine firetube boiler adapted 

for waste heat recovery by replacing the fossil fuel burner assembly 

with a refractory lined inlet duct and the water wall steam generator 

used for waste heat recovery from very high temperature applications such 

as gas turbine e~hausts. Neither one of these syst~ms meet the require

ments for waste heat recovery from a refuse inciner~tor. 

The firetube boiler cannot be cleaned on-the-run and would tend to accumu

late slag and ~uffer from particulate fouling on the tube surfaces. The 
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E. CONCEPTUAL DESIGN - Continued 

unit(s) must then be taken out of service, opened up and cleaned manually 

then put back into service with all new gaskets and seals. A firetube 

WHRS boiler would require manual cleaning approximately every 60 to 80 

days. The cleaning operation would require four men working an estimated 

twenty hours per unit. In ·addition to slagging and fouling the gas side 

pressure drop through a.firetube boiler is 3.5 to 4.5 in. w.g. for a 

clean unit. The system, therefore, would require an induced draft boos

ter fan and drive~ 

Water tube WHRS boilers can be cleaned on-the-run. However, standard 

units are bu11t primarily for high temperature applications. High tem

perature corrosion is a very serious concern when recovering energy from 

municipal incinerators. The gases must be attemperated to not more than 

9QQOF (See Appendix K3). The water tube boilers have extremely thick 

wa1l boiler tubes and as a result the units themselves are expens1v~. 

The units are heavy necessitating expensive structural support and founda

tions. Considering cost effectiveness, alternative boiler designs were 

studied. 

The heat pipe WHRS boilers appear promising (See Appendix K4). The heat 

pipe coil i-s .comprised of hermetically sealed. heat pipes which r·equire 

external cleaning only. The coil bank can be cleaned readily on~thc-

run by e.ither hand lancing with steam, compressed air, water or a per

mantly mounted soot. blowing sys.tem can be purchased as an integral part 

of the unit. ·The heat recovery coil bank induces a maximum gas side 

pressure drop of 2.5 in. wg. In most retrofit applications, as in this 

particular case, an in.duced draft booster fan would not be required. The 

unit weight is comparable to a firetube boiler. Therefore, required 
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CONCEPTUAL DESIGN - Continued 

structural support and foundations are nominal. Both firetube and water 
. : . 

tub~ boilers d~pend.on a turbulent gas flow to .induce greater heat trans-
.· .. 

fer. Turbulent gas flow means high velocity resulting in excessive 

erosion of metal surfaces. The heat pipe boiler is dependent upon ex

posure time of the coil bank to the hot g~ses. Therefore, the slow~st 

possible. gas velocity yields the highest heat transfe~ effectiveness. 

Metal wasta.ge of steam generating surfaces by erosive gas scrubbing 

would be minimized·. The heat pipe boiler arrangement .is compatible with 
··' • ! • 

the proposed changes in the incinerator system . 

. An initial concept considered installing a WHRS within the confines of the 

secondary combustion chamber (See Drawings Appendix J) .. The seconda~y 

combustion chamber is 14 f~et square _with a usable heiQht of 16 feet.,, 

It is not possible physically to place sufficient heat recovery surface 
: ( ~ . . 

within these confines and maximize ener.gy recovery. In addition, the 

gases must somehow be attemperated frpm 14QQOF to not m~re than 9QQOF 

before e,ntering the waste heat recovery ~.ystem. Finally, if the system 

were located in the secondary combustion chamber and a problem, such as 

a tube leak in the boiler, developed then the entire incineration opera

tion would have to be shutdown for the requ·ired repairs.· ·.The conclusion 

is that· a simple waste gas duct sys.tem ·bypassing the ·secondary coinbusti on 

zone would be more compatible . 

. Presently, only one or the other of the two incinerators operates at any 

one time. The .retrofit would therefore require no down time since number 

two unit could be totally retrofitted while the number one unit remains . . ~ 

in operation. The number two unit could then come on line with the WHRS 

in operation. The number on,e unit would be isolated by quct dampers 
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E. CONCEPTUAL DESIGN - Continued 

' . 

while it is tied into the WHRS. By-pass dampers could be placed in the 

secondary combustion chamber which would allow the waste heat recovery 

·system to be bypassed and the units waul d function just as they are doing 

now. ··However, a recent quotation considering the 1400°F gas temperature 

anci·the corrosive environment requires Inconel or equal construction of 

the dampers and the quoted'price is $236,000 each. A more practic~l con-

·cept is a carbon steel frame with firebrick forming a semi-permant dia;.. 

-' phrain divider across the secon·dary combustion chamber. The cost ·estimate 

includes $135,000 for each chamber for instal'ling either a semi-permanent 

firebrick divider or a locally fabricated carbon steel-firebrick construct-
·'" .. 

ed drawbridge type damper. If a semi-permanent divider was installed and 

a problem dev~loped with one of the waste heat recovery boilers, . .that parti

cular boiler could be isolated and the other boilers would continue to 

function. The incinerator op~rator would probably have to reduce the fir

ing rate proportionately unti) the problem is resolved. In the unlikely 

event that the entire waste heat recovery systein suffers ·a prolonged 

outi'lge, the inr.ineratnr could be temporarily shutdown. the_ semi-permanent 

firebrick divider removed, and the unit caul d be brought back on' 1 i ne 
. ' 

functioning as it is now .. 

As of May 1979 the average ~curly. rate of refuse incineration at the Fall 
. ' 

River facility was 9.25 tons per hour. Th~ present firing rate is 10 tons/ 
' 

hr. and the capacity of each unit is 12.5 tons per hour. Considering pending 

legislation imposing strict design and operational requirements for land- · 

fills the a~ticip~terl hourly rate of incineration is expected to increase 

to 12.5 tons per hour by the time this proposed WHRS s.tarts up- approxi

mately Spring 1983. The proposed equipment is sized for 12.5 tons per 
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E. CONCEPTUAL DESIGN - Continued 

hour, the design capacity of one incinerator. An economic analysis for 

both 10.0 and 12.5 tons refuse incinerated per hour is inclu~ed. 

Considered in the design is expansion potential to maximize recovery 

of .energy from both incinerators operating simultaneously at rate(t capa

city~· This wou1d be accompJished by extending the ductwork, .the elevated 

platform, and boiler configuration both to the north and south of the pre

sently proposed system. The number of boilers.presently proposed:would 

.double and some duct damper rearrangement would be necessary, however, 

the duct size would remain the same. 

The design criteria for equipment s~lection and sizi.ng is based on the 

following analysis for as fired, unprepared municipal refuse:· 

Moisture 

Carbon 

Hydrogen 

Oxygen 

Sulfur 
.. 

Nitrogen 

Ash 

Chlorine 

29.50% 

25.58 

3.59 

18.76 

0.17 
. ~' 

0.24 

22.03 

0.13 
100.00 

HHV = 4,675 BTU 
. . Lb. 

•·' 

Based on Higher Heating Value of 4,675 BTU/Lb. of ref~~~, 12.5 tons 

refuse per hour, the . gross heat input wou 1 d be 116.88 x .1 o6 BTU/hr. 

According to charts pub 1 i shed by the American Boi 1 er M·an.ufacturi ng Asso

ciation the calculated radiation ·and unaccountable losses would be approxi

mately 1.1% of the total gross heat input. Approximately. 0.5% of the 

heat input would be absorbed by unburnablematerials~ the net heat input 

would be {116.88 X 106) X {.984) = 115.01 X 106 BTU/Hr .. 
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E. CONCEPTUAL DESIGN - Continued 

The gas flow rate from primary combustion air would be 248,000 pph. · 

at 17250f. Overfire air is injected near the roof of the incinerator 

' ' 

to induce turbulence, burn off volatile gases and attemperate the exhaust 

·gases from 17250f to 14000f. Approximately 67,000 pph of overfire 

air.at 70°F is injected i.nto the incinerator~ The result is 315,000 lb. 

per hour of waste gases at 14000f. The anticipated loss in the 

sE!condary combustion chamber fro~ gas leakage around the diaphram. div.i-

· der or damper is 3.4%. The net mass flow rate of waste gases to the heat 

·recovery system would be··(·315,000 lb./hr.)(.966) = 304,290 pph at 1400Df. 

··The waste heat· recovery:system would reduce the ·temperature of the gases 

from 14000f ·to 4000f. Therefore, the overall heat recovery effectiveness . 

w.o~l~ b~: '1400 ,.. 400 ·x 100 = 71 ~43%·. Multiplying t~is ef.fecthen~ss · 
1400. .. . 

factor times th~ net heat ·input (0. 7143) ~ (llS.:Ql x 106 ·BT~/hr.) ~ 

82.152 x 106 BTU/hr. heat reC:ov~r,y. ·Using th~ net mass flow rate &nd. 

the fonm.ila-'Q ·= m cp (Tl - T2·) to check: Q = '("304,290) (0.27) (1400-400) .= 

82.158 x ·lo6·-BTU/hr. ConsNiering the order 'Of ·magnitude··of the numbers 

· the calculations check • ... . 

The 1409°F·wciste gases would<be dticted from the .upper section of the 

secondary ·~ombustioo chaniber>thro.ugh another<attemperating _zone. Exhaust 

~ases from···the .~Qil~r feed··water economizers· ~t· ~pproximately 400°F wo~ld . · 

be ci rcul a.ted' t;,y an ~ttemperating g~s fan back to the o1.1tl.et of the 

secondary combustion zone. T~e 400°F gases plus ambient air would attem

per~te the 1400°F gases to 9000F. The amourit of ambient air induced 

into the duct would be minimized for two reasons. Fir~t, cold ambient 

air could cause a cold spot in the duct resulting 1n acid dewpoint. 
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E. CONCEPTUAL DESIGN - Continued 

CQrrosion. ~e,c:ondly, ~n.y Y9lati1e 9.ases c~rrie~ into the duct could be 

ignite~ ~Y an oxygen rich atJllospher~ of ii!nbient air. A flash fire in 

the duct could severely dairlag_e th~ heat pipe coil b(lnk. 

The 1400°F waste gases would exit the secondary c9mbustion chamber at 

the ra~e of 304,000 pph at'ld ~nter an at.teniperating section of new 

duc~ork. D~ring st~rt-up of·theinc:inerator and WHRS ambient air 

(203,000 pph at 70°F) would ~e used to attemperate the 1_4000F gases 

to 900°F. After: a few minutes.of operation the ambient air.inlet damper 

woui~ start to c:lose ancl· exhaus~ gases from· ~he J;>giler fe~~water econo

mizers (304,000pph.at 400°F) plus 14,000 pph ~-f ambient air at 

JOOf would be· used to attempe_rate the 14otlof:_gases tc) 900°f •. After the, 

system has stabili~ed from start-up, .waste gases at the rate of 622,000 

pph and 900°F would be ducte4 .. imd equally dist~ibute~l"to thr~e ·w~st~ 
hea~ recqvery boilers (the final ~~sign m~y re~H.tir~· four b,oilers~ smaller 

it1 size). The was~e .. gases would enterthe \'{aste he~t·recovery"boilers 
. . . . . 

at 9000f and exhaus.~· from the -~oilers ··at apprc;>.ximatel,Y' 5000F. The 5QOOF 

gases woMl~ ~~,e~ate -t~¢.. fee,C:fwater from ~00°F··to 4000f. · From the econo

mizer the waste. gases a't 4QQO:wc)uld be qucted back to the lower section of· .. . . ~ . . . : 

. the sec:on4.ary: co!Tibustion chamb¢r .and dr(lwn by ~he existing induced draft 

· f«m 't~roug~ t~e ·existing w~t~r. :$·p~rgipg ring ~nd P~ab9~.Y s~r4bber and 
~ . ' . ~ '· . . . . 

-exhaus~ed, ~~ro4gh the exi~tinsf~ystem. 
. . . l . . 

The w~~te ~e~t recov~ry boilers-woul~ generate. a c~lculated 62~300 PPh 

at ~~Q ps.~~~$~turated te,mperatL:J~~· The sa~~rat¢d steam would flow 

thn~ug~ ~- C:Q.il batik in the waste ·gas inlet ~uct and pic~up approximately . . : 
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E. CONCEPTUAL DESIGN - Continued 

25°F superheat. The' superheat would protect the steam turbine from blade 

erosion· from·moisture iinpingment. The superheated steam would be piped 

to the south side of the incinerator complex arid divided into two flow 

streams. 

One stream would be piped approximately 740 feet to the UMM textile com

plex for process purposes. The process steam would be pressure reduced 

from· 350 Ps.ig to 150 ps.ig at· the UMM existing power house then tied into 
. . ' 

the existi.ng stea·m header and distributed'via the existing piping system . 

A desuperheating station may be required .. downstream of the pressure re

ducing station depending upon the temperature ·rating of the existing 

steam valves arid associated equipment. The weekly average steam flow 

for process ranges from a low of 18,000 pph in the summer to a high of 

45,000 pph in the winter with peaks up to 60,000 pph (see Appendix Kl). 

The second steam flow stream would service a new turbine-generator lo-. . 

cated at the south side of the incinerator facility~ The steam turbine 

would b~ a inul tistage ~~it d~iven by inlet ·steam at 3so. psig-4600F. The 
. . ' 

turbine would exhaust at approximateiy atmospheric pressure resulting in 

an estimated turbine efficiency of 55%. Two other t~rbine-generator 

alternatives we're ~onside~ed. 

One alternative would be a topping turbine where all of the steam gen-

.erated by the WHRS woul.d b~ piped to .. the turbine at 350 psig~460°F. 

The.turbine would exha!JSt at 150 psig and the exhaust steam would be 

piped to the UMM textile complex or other users in the near vicinity. 

This concept WiiS rejected because wi.th.in. the g.eograph.ical region 
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·E.. CONCEPTUAL bESIGN - Continued 

_surrounding tb' incinerator, including UMM, there is insufficient users 
. . '.. ' . . 

~f 150 psig steam. The excess steam.would have to.~e either vented to 

atmosphere or condensed which could amoun~ to as much .as:: 

62,300 pph - 18,000 pph = 44,300 pph 

The second alterna~ive we studied involved the same s'team distribution 

as presently proposed but t~e turbine would exhaust to a vacuum conden

ser. The generator kwoutput would be aimost doubled, however:-, we esti

ma~e. that .the initial cost of the condensing turbi!le-generator would more 

t~an triple to ihcl.u~e the T-G, c:ondenser wa.t.er p4mps, piping, and pumping 
·, . ' .. 

station. The operating and maintenance costs wou.l.d increase significantly. 

The condenser would requi.re approximately 2,000 gp~- of cooling water. The 

area presentiy has severe water table problems. An additional d~ai~ on 

the str:eam and pond for ~oh~~nser cooling water_ purposes would aggravate 

an already severe ecological problem and in fact may not be available. 

Chemically. treated and deaerated feedwater for the _WHRS would.be piped 
. .. . .: :. ~ . . ' 

from the existing UMM boiler facility to the turbine atmosphe~ic conden-
• :· • ' • • • • 0 

ser. New boiler feedwater pumps would supply ~at~r to the Waste heat 

boilers. Steam purity would .be controlled by a continuous .surface blow-. . . . 

down system and an intermittantly, manually opera~ed, bottom blow~off 

system. 

To date there are no publicized municipal mass burning refuse incinerators 

in the United States that have been retrofitted to produce process steam and 
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E. CONCEPTUAL DESIGN - Continued 

electric power. Lacking historical documentation' the effects of corro

sion h~~ ·been. a vital ~onc:em during t.he course of this study. The mass 
> • • • • • ; • 

burning refuse wat~rwall incinera~or offers a close coral h'ry and ~uch has 

· been written descri.bing the effects of corrosion in these units. 

At least four recognized types of corrosion-occur in mass burning ·refuse 

boilers. These are: 

1. High-temperature, liquid-phase cnrro!\ ion. 

2. Corrosion due to non-uniform furnace atmosphere. 

3. H
1

alogt:m corrosi()n. 

4. Low temperature or dew-point corrosion. 

High-temperature, liquid-phase corrosion occurs in the temperature zone 

above 900°F and is most severe at approximately 12QQOf (See Appendix K3 ). 
-. . 

Above 900°F refuse constituents .fro~ suifate, aikali and chloride com-

pounds become entrained in the waste gas stream which stick, foul and 

·. , corrode the heat ·t.ransfer surfaces.- . For- this. reason~ the proposed conc

cept generates comparatively 1 ow pressure steam and uses. dttt:!mpt:n'ation to 

maintain the waste gas temperature at 9QQOf. The actual metal -:tempera

ture of the heat ·transfer surface woul~- be well below 900°F. 

In the second type of corrosion, the products of parti_al combustion 

create a redu.cinq· atmpsphere.·. Carbo~ ·monoxide, or hydrogen sulfide can 

be produced. These gases react with the iron ox1 de protec.tive 1 ayer~ on 

the heat transfe-r surfaces, exposing them to corrosive attack. It is im

portant that the -combination of undergrate and overfire air systems pro-

vide the correct fuel-air ratio, proper distribution of air to fuel, and 
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E. CONCEPTUAL DESIGN - Continued 

sufficient turbulence to prevent stratification. The precautions are 
.. 'l -~ .. , 

necessary ~o prevent a furnace atmosphere that fluctuates between reduc-
. . . ~ ~ 

ing and oxidizing. The requir~d mass flow of at.temperating .gases plus 

~mbient air exceeds the flow from the furnace region, therefore, a blend

. ·.ing of waste gases would tend to· dampen any reducing and oxi d.i zing 

fluctuations that may occur. 

Concerning the third type of corrosion, the corrosive rate of low-alloy 
... 

steel is increased markedly as the amount of polyvinyl chloride (PVC} in 

the refuse, and the metal temperature of the heat transfer surfaces in~ 
. ' 

crease (again see Appendix K3). 

tions as high as 50%. 

PVC can contain chlorine in concentra-
~.: .,. 

We anticipate Hcl concentrations between 50-200 ppm. Maintaining metal 

temperatures below 9000f will minimize the effects of Halogen ~orrosion. 

The graph in Appendix K3. also· 'shO\'IS the severity o.f dew point corrosion 

when wast'e gas temperatures·· fall below 30QOf. Th.e ·proposed e.xh.aust gas 

temperatures would be maintained between .35QOf and. 400°F'. Th.e uni.ts would 

be air purged then water washed during weekend shutdowns. 

Seasonal ·variations in ·the characteri-zation· .of refu~e delivered to the 

~ '· fncinerator wi 11 occur. However, ·the· effects on corrosion due· to seasonal 

ahanges in composition are regarded to be minimal. Corrosion in the sys

: tern will occur throughout·the year and must be··anticipated. The overall 

effects of corrosion· can· be minimized bytemperature control, metalluri

g1tal considerations and proper operating techniques. 
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E. CONCEPTUAL DESIGN - Continued 

The ~uildings and structures for this proposed concept are estimated on 

the following basis: 

a. General 

Design will comply with any State or other applitable building codes 

·and ordinan~es, and will meet the re~uirements of th~ Insurance 

~nderwri ters and OSHA ·standards. ~lind 1 oading wou'l d be determined 

during detail design. Earthquake analysi~ is not contemplated at 

this time. 

b. Foundations 

The building foundations are estimated using s'teel H piles 40' long. 

Miscellaneous foundations have bee.n estimated as reinforced concrete 

footings supported on soil capable of supporting 2 kips per square 

foot. Concrete for foundations shall develop 300 psi at 28 days. 

Concrete ·design will comply with ACI 318, latest edition. Soil bar-· 

ings will be required in the areas of new work. 

c. Frames 

S tructura 1 s tee 1 frames wi 11. be of 'ASTM A-.36 s tee 1 . The design s ha 11 

comply with Aisc Code, latest ed1t1on . 

. d. Floors . r. 

Floors shall- be either steel grating or reinforced concrete. 

e. Sprinklers 

No sprinkl~rs are contemplated. 
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E. CONCEPTUAL DESIGN - Continued 

The 'electrical ~esign will comply with Nationat Electric Code·, OSHA' 

Standards, any local applicable codes, and will meet the requirements 

of the Insurance Underwriters. The electrical costs estimated for thi~ 

project assume that the present power company wi 11 .bear the expense of 

the planned modifi.cation of reducing the source serving the pl~nt from 
' . 

23 kv to 13,8 kv. 

The estimate includes the necessary 15 kv·switchgear requi"red for re-. 

ceiving in~()mingpower, on-site electrical generation, and feeding the 

necessary load center substation and existing switchgear. The new 

switchgear would supply power to two new 13.8 kv - 5?5 volt transformers 

which would in turn feed two existing 600 volt switchgear line-ups. , In . . 

addition, the new switchgear would supply power to one new load cent~r 

substation required for the W~~S.auxiliaries. Fifteen (15) kw switch-

gear will be met~l-clad construction with interrupting capacity, ~s re-
. ' . . .· I 

quired. Substations will consist of a metal enclosed· load break primary 

~witch, dry type, transformer and metal enclosed low voltage switchgear 

with suitable interrupting rating. 

Motor controls are of the gro~ped motor control center construction with 

rigid free-standing NEMA lA enclosur~s. .Enclosures will consist of one 

or more. vertical sections of modular dimensions permitting the addition 

of future sections. In ·general, AC motors will be NEMA Design· 11 B11 

squirrel cage induction, with NEMA 11 T11 frames, Class 11 811 insulation, 

l.O service factor, 575 volts, 3 phase, 60 hertz, and designed for severe 
. . . . .· ' . . \. 

d~ty service~ Motors smaller than 200 horsepower wi 11 be totally en

. closed fan cooled. 



E. CONCEPTUAL DESIGN - Continued 

In general, motors smal~er.than 200 horsepower will be rated 575 volts, 

3 phase, 60 hertz. 

. ' 

New 15 kv cable will be single conductor, shielded with ethylene-prqpylene 

type insulation. New 600 volt power cable will be single conductor and/ 

or multi-conductor with.cross-linke~ thermosetting polyethylene insula-. . 

tion. Multi-conductor cable will have an outer PVC Jacket. 

Conduit will be tigid galv~n1zed, ·with fl~xible conduit used as required 

for motors ·and other equipment to localize vibration." Flexible conduit 

will be 11 Sealtite11
, type.UA with a PVC jacket~ Conduit installed below 

• • •,,1 . . . • 

grade or in concrete will normallY be galvanized steel. In general, 15 

kv cables will be single conductor installed in conduit. Six hundred 

(600) volt wirin'g. will be single conductor cabl.e installed in conduit and/ 

or multi-conduc~~~ cable in cable tra,¥. Cables will be installed without . 
. ... . . . . . .. 

splices excep.t as specifically designated on the drawings. 

Where r·equired, ,new electrical eqiJiPill~n~ roQm(s) will.be provided ~Q 
. . . ~ • •. . . . . . :0 

house electrical switchgear, motor contr()l centers, power s~pplies, re-. . . . . . 

lay cabinets, etc. Fluo'reseceF'!~ lighting is incluc:ted for e1~ctrica.1 equip .. . .' . ' ' . . . . 

ment rooms. Lights will b~ adequate for th·e ~asks to be perf~rm~~ in eat::h 

area and in accordance with u;s recq~nda~ions. . . 

Instrumentation ·wi.ll be mini~tUre electroni.¢ utili'zing an electric trans

mission system. Final control elements will be pneumatic. Panel board 

components will be miniature electr_'Onjc. Controller~; r~co~ders, incH~ 

cators and alarms a.re to be mounted on an upright control panel located 

in a central control room .. The electrical pushbuttons, pilot lights, 

alarm annunciator system, etc., w·ill also be mounted on this panel. 
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. ;•, 

- ; . 

COntrol SYstem Philosophy 

1. Total waste heat from incinerator$·wH1 be measured and ratioed to 

each bQiler. 

2. Proper temperatu!"e of waste heat to. boilers will be· ma_i ntained by 

mpdul ating_ attemperat1ng gas dampe.r in conjunction with cooling air 

d~m~~r ... 

3. Tempe~ature _of super heated steam from each tloi'ler will b~ rec9rded 

on a three (3) pen recorder. . . . 

4. ·Flow and p·ressure of generated ste~m to turbine will be recorded on 

two (2) pen recorder. 

5. Level in bot well will control make-up condensate t9 .boilers • . ·. . . 

6. Waste ·heat a_nd exhaust gas. dampers will be operated by pushbuttons 

on cont roJ pane 1. 

supporte~ em p,un,ch~~ ~luminu111 ~ngl~s. 
. ' . ·• . : .. ' . . ., .. .. .. ~ . 

Waste heat·boHer instrumentation and·its.instaHation is assume~ to be . .. . . ' . : :· . . . 

purch~sed with equipment an" .. ~ot inchu~ed i.n this .estiina1;e. 

The piping syste111s wil~ be d.es-1.gned to meet thP. ·requirements ·of the 

lates1: edition of tht!.ASME Bofler .~net Pressure. Vessel Code .and th~ 

(" 
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E. CONCEPTUAL DESIGN - Continued 

American National Standard Institute Code for Pr~ssure Piping as well 

as any stat~ and local codes that may be applicable to the work. 

Piping materials were used in. the estimates which are reasonable for 

the service. 

E-.16 
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F. ECONOMIC ANALYSIS 

Case A- Incineration of 10 tons/hr. solid waste 

1. Capital Investment = .$4,523,000. (Total Escalated Project Cost)_ 

2. No. 6 Fuel Oil Cost= $0.93~/gallon 

3. Electric Cost = $0.0736/kw hr. 

4. Life expectancy of the equipment = 15 years 

5. Es~imated operat1~g & ma1ntenance .= $120,300/year 

6. 10% annual inflation rate applied to the costs of oil, electricity, 

labor & materials 

7. No taxes 

Recovered energy= 64.734 x 106 BTU/hr. = 62,300 pph steam 

For UMM to generate 33,500 pph steam from 80% efficient boilers with 

2280F feedwater the annual consumption of No. 6 oil would be: 

lb-stm BTU hr wks Gal-oil 
(33,500 ) hr (1222~196) lb-stm (108) wk (50) yr ,;, 1,550,830 year 

·stu · 
· (149,600) Gal-oil (.8) effie. 

Annual Oi 1 Savings = $1,'450,026/year 

62,300 pph - 3~;5oo· pph (Process) = 28,800 pph .(for Electricity} 

lb-stm 
28,800 hr . (.98) (.941 =· 988 kw 

(20.02) (1.341) . 

Annual Electric Savings = $392,671 

Operating Costs 
$ hr 

(3 Operators) (7.50 hr) (1.4) (2,088 yr} ~. 

$ hr 
(1 Mechani.c) (7.25 hr) (1.4) (2,088 yr} = 

F-1 

$65,772 

21,193 

$86,965 



F. ECONOMIC ANALYSIS - Continued 

Case A·- Incineration of 10 tons/hr. solid waste- Continued 

Maintenance Costs 

Turbine-Generator = 2~% of capi ta.l cost 

T-G = (0.025} ($280,000} = $ 7,000 

WHRS = 1~% of capital cost 

WHRS = (0.015} (1,747,600) 26,335 

$33,335 

. '.9 

Total Operating & Maintenan~e = $120,300 

Case B - Incineration of 12.5 tons/hr. solid waste 

1. Cap1tal Investment =$4,523,000 (Total Escalated Project Cost} 

2. No. 6 Fuel Oil Cost= $0.935/gallon 

3. Electric Cost =· $0.0736/kw hr. 

· 4. U fe expectancy of the equipment = 15 years 

· 5. Estimated· operating & mainten~nce == $120,300/yt!ar 

6 .. 10% annual inflation rate applied to the costs of oil, electricity, 

labor & materials 

7. No taxes 

Recovered ~nergy = 82.16 x 106 BTU/hr.= 81,000 pph steam 

Annual No. 6 fuel oil consumption for process based on an annual average 

steaui load of 33,500 pph steam= l,550t830 gal-oil/year (See page F-1). 

Annual Oil Savings =. $1 ,450,026/year 

81,000 pph - 3·3,500 pph (Process} = 47,500.pph (for Electr1c1ty) 
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' ' F.· ECONOMIC ANALYSIS - Continued 

Cas~ t- Incineration ~f 12.~ tons/hr. solid waste,- Continued . ~ ' . . 

Annu~l· Electrii Savings $647,827/year 

Operating and Maintenance Costs = $120,300/year 
(See Pages F-1 & 2) 

·. 

, • .,: :, • , I 

- . .. . 

..... . 
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G. DERIVATION OF COSTS 

Total escalated project costs for this WHRS conceptua-l design consists 

of the total of direct costs, indire-ct costs, and.an allowance for esca

lation. Direct costs are composed of current direct costs and a contin

gency. Indirect costs include items listed below under "B" Indirect 

Costs. Escalation is explained under "C". Items not included in this 

estimate ·are 1 i sted under "0" of this secti-on. 

1 . Direct Costs 

a. General 

On the Cost Summary sheet there are shown costs for the follow

ing: Equipment, Equipment Erection, Equipment Foundations and 

other Structural Costs, ouildings. and Structures, Electrical In

stallation Costs, Instrumentation Installation Costs, Piping 

Costs, and Area Costs. All of the costs, except equipment costs, 

are normally incurred by a contractor o.r s~~contrattor and are 
• • : > • • • 

described be 1 ow under the heading· "Contractor Costs· (Labor and 

Material)". The total of all thes~ i'tems is the "Total Current 

Oi rect Costs". 

· b. Egui pmetit 

~quipment cos,ts cover the·costs of procf;!ss equipment, motors, 

n:'Otor ~ontrols, switch,gear, instruments, control panels, heating, 

ventilqting, and air conditioning e~uipmen.t, etc. that are norm:.. 

ally purchased by the client through it~ Purchasing Department. 
' . . . ' 

In gener~l, current equipment ~ost~ ·are based on b!Jdg~t quota

tions from manufacturer~ or on prices received recently for 

similar equipment~ 
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G. DERIVATION OF COSTS - Continued 

1. ·Direct Costs~ Continued 

b. Equipment - Continued 

Instrumentation equipment (hardware) costs w.ere based on an 

itemized take-off from preliminary flow sheets. An allowance 

was provided for unlisted items. ]nstrument prices used were 

generally current list prices; in some cases, net prices were 

used. 

c. Contractors Costs (Labor and Materials) 

These costs were based on pre·vailing prices or materia1s and 

current construction wage rates of the various trades. 

Equipment erection costs were made assuming a certain procedure 

of erection .. In the establishment of these erection _costs·, con

sideration was given to the physical location of the equipment 

and also to the accessability and time required for erection 

equ1pment. 

Major building and structural costs were based on material take-
' . 

offs and the use of applicable unit .pric~s. OSHA requirements 

ha.ve been recognized by applying a percentage factor to certain 

. construction costs. 

Electrical contractor costs for motor wiring were estimated by 

applying a composite cost of cable, conduit, fittings, and labor 

for each motor. The composite cost varies w1th the rating and 

characteristics of the moto.r. L.ighting was priced by applying 
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'G.· DERIVATION OF COSTS - Continued 

1. Direct Costs -Continued 

c. Contractors Costs (Labor and Mate.rial) - Continued 

an area unit cost that varies as a funCtion of intensity. 

Instrument wiring is also included under Electrical Costs. 

Instrumentation installation costs were based on estimated 

installation costs and estimated tubing installation costs. 

Piping contractor costs were prepared by the use of preliminary 

flow sheets of major systems. A preliminary material take-off 

was made of major lines. Costs were obtained by the use of 

material price sheets, shop price sheets, and contractors• labor 

sheets with applicable labor rates being applied. 

Area costs were based on unit price figures for paving, grading, 

change, etc. 

d. Contingency 

Contingency is an allowance given gene.rally for unknown, under

estimated, and omitted items. Generally, at least a 10% contin

gency is proposed. The amount applied is a function of the 

complexity of the project, scope definition, confidence in the 

vendor•s budget quotes, time schedules, tie-ins to existing 

.equipment, and othe·r ·factors. The estimate included in the· 

reqport has a contingency of 10%. The percentage used for con

tingency. is app"lied to the Total Current Direct Costs. 

2. Indirect Costs 

The indirect costs are all those costs, except escalation, itemized 

in the Cost Summary sheets below 11 Total Current Direct Cost Plus 
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G. DERIVATION OF COSTS - Continued 

2. Indirect Costs - Continued 

Contingency... They were derived as follows: 

a. Engin~ering 

Engineering manhour estimates made by each Si r.rine department 

involved in the project served as a basis for determination of 

total engineering costs. The engineering costs are currerit 

costs and have not been escalated. Its escalation is included 

under the 11 Escalat1on Allowance ... 

b. Construction Management 

This cost includes the services of one man from the engineering 

consultant to act on the job site as a part-time. resident engi~ 

neer. The resident engineer would coordinate with the general 

contractor to clarify any questions regarding p'l ans and speci.::: 

fications .ahd to inspect overall quality of construction com

prising rriateri a 1S, workmansh1 p, and t1me schedu1 e. 

The estimated cost is based on one man at the site 10 days per 

month the final three months of construction. This includes six 

trips to the job site including all expenses. 

c. Project Coordination and General Overhead 

Project coordination.and general overhead is included as 4.3% 

of the total current direct cost plus contingency. This in

cludes expenses incurred by United Merchants and Manufacturers, 

Inc. over and above those included in the contractor•s overhead 

such as ·the contract administration, legal cost; engineering 

coordination, the cost of security guards, contracts bonds, 
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G. DtRIVATION OF COSTS - Continued 

2. Indirect Costs - Continued 

c. Owner's General Overhead·-.. Continued 

equipment checkout, temporary electrical power usage, ·temporary 

utilities~ project construction, signs, etc. 

d. Spare Parts 

This co~L wds "flyured generally to be l~% of equipment costs. 

e. Sales Tax 

Sales tax was figured as 4% of equipment costs. 

3. Items Not Included 

This estimate does not include the following: 

a. Interest during construction 

b. Cost of borrowing money 

c. Engineerfng models (Not Required) 

d. Material take-off (By Vendors) 

4. EscalRtj~n Allowance 

Both current equipment and ~onstruction costs have been escalated in 

accordance with the project Design and Construction Schedule with 

the be_ginning point of. the escalation being March 1981, start of 

design being September 1981 and project comp l.eti on being March 1983 ~ 

Escalation is· assumed to be 10% per year (compounded) for both 

equipment and ~onstruction costs. 
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H •. ITEMIZED ESTIMATED .COSTS 

1. Waste Heat 
Boiler No. 1 

2. Waste Heat 
Boiler No. 2 

3. Waste Heat 
Boil~r No. 3 

4. Ductwork from 
Secondary Combus
tion Chamber to 
WHRS Boilers 

Expansion Joints 

5. . Inl~t Duct Damper 
·No. 1 

Motor 

6. Inlet Duct Damper 
No .. 2 r 

Motor 

.7. Inlet Duct Damper 
No. 3 · 

Motor 

8. Boiler Exhaust 
Gas Ductwor~ 

Expansion Joints 

9. Boiler Feedwater 
Economizer No. 1 

10. Boiler Feedwater 
Economizer No. 2 

11. Boiler Feedwater 
Economizer No.· 3 

12. Boiler Feedwater 
Pump No. ·1 · 
. Motor 

Direct Capital Costs 

Motor 
HP 

1/2 

l/2 

l/2 

'125 

H-1 

Equipment 

177,000 

177,000 

177 ~000 

53,500 

13,500 

18,500 

incl. 

18,500 

incl. 

1'8,500 

iricl. 

39,500 

12,000 

19,600 

19,600 

19,600 

28,5.00 

incl. 

Equipment 
Erection 

80,000 

80,000 

80,000 

D$tE 

4,550 

2,850 

2,850 

2,850 

D&E 

4,000 

3,200 

3,~00 

3,200 

1,500 

Equip. Fdns. 
& Other 

·struct. Costs 

1 ,000 

1,000 

1 ,000 

w/struct. 

w/struct. 

w/struct. 

w/struct. 

w/struct. 

1,700 

1,700 

1,700 

800 



H. ITEMIZED ESTIMATED COSTS - Continued 

Direct Capital Costs - Continued 

1.3. Boiler Feedwater 
Pump No .. 2 

Motor 

14. Boiler Blowdown 
Tank 

15. Attemperating Gas 
Fan Nu. 1 

Motor 

16. Attemper~ting Gas 
Fan No. 2 · 

Motor 

17. Attemperating Gas 
Duct - No. 1 Incin
erator 

Expansion Joint 

18. Attemperating Gas 
Duc4 - No. 2 Incin
erator 

l:::xpans ion ~101 nt 

19 .. Attemperating Gas 
Damper No. 1 

Motor 

20. Attemperat1.hg Gas 
Damper No. s 

Motor 

21. Ambient Air 
Damper No. 1 

Motor 

22. Ambient Air 
Damper No. ·2 

23. Draw Bridge Damper 
Inciner~tor No. 1 

Motor 

Motor 
HP 

125 

150 

150 

l/2 

1/2 

1/2 

1/2 

25 

incl. 

H-2 

Equipment 

28,500 

incl. 

2,800 

17,500 

incl. 

17,500 

incl. 

10,500 

2,800 

2,800 

3,600 

i·ncl. 

3,600 

incl. 

3 ,6'o0. 

1ncL 

3,600 

100,000 

Equipment 
Erection 

3,200 

600 

3,500 

3,500 

D&E 

1,200 

D~E 

1,200 

700 

700 

700 

700 

35,000 

1i I .,, 

Equip. Fdns. 
& Other 

Struct. Costs 

800 

1,000 

1 ,.200 

1,200 

w/struct. 

w/struct. 

w/struct. 

w/struct. 

w/struct. 

w/struct. 
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H: ITEMIZED'ESTIMATED COSTS- Continued 

Direct Capi t.a 1 Costs -.Continued 

24. Draw Bridge Damper 
Incinerator No.· 2 

Motor 

25. Turbine-Generator 
2,ooo kw 

26. Atmosphare Condenser 

27. Instruments 

28. Instrument Panel 

29. Switchgear 

30. Motor Controls 

Motor 
.HP 

25 

i nc.l! 

--

EquipmEmt 

100,000 

280,000 

50,000 . 

·51~000 

5,000 

142,000 

32'~850 

Equipment 
Erection 

35,000 

55,000' 

6,500 

w/Inst. Piping 

300 

14,200 

' 2,950 

31. · ~attery. & Su~sta:tions ·,. 150 ,.ooo ·16' 000 
-'-'-:6=-=-0~3~-. f:,8lO~A50 ·. · ·449~150 

3?. B~fldin~ & Stt~tt~t~~ eo~ts 
·New Sttu.ctur~ 
740 Foo:t Pipe Bridge 

.Total Bui 1 ding & Struct;ure~ Costs 

33. Electrical ·Costs 
·Building lighting 
Outside Li ghtri ng . 
Power Wiring . 
Instrument Wiring & Install at ion 
High.Vo1tDge .. feeder 
Grounding' 
Demolition Existing Switchge~r 

Total Electrical Costs 

34. Instrumentation Costs 
Installation of Instrumentation 
and Instrument Tubing 

Total Instrumentation Costs 

$318,000 
100,000 

$418,000 

$. 2,000 
1 ;0.00 

102,'200 
. 15,'000 
1·30,000 

20,000 
50.;000 

'$320,200 

$ 18,·000 

$18.,000 

Equip. F'dns. 
& Other 

Struct. Costs 

2,200 

1 ,500 

500 

; 300 

1,000 
18,600. 



H. ITEMIZED ESTIMATED COSTS - Continued 

Direct Capital Costs - Continued 

35~ Piping Costs 
Process Piping 
Insulation · 
Painting 

Total Piping Costs 

36. Area Costs 
Grading 
Pf'UC~SS Dr·a irr~ 

Tot;.ll ArPi'l r.nst.s 

H-4 

$135,000 
12,000 
3,000 

$150,000 
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APPENDIX Kl 

Total Boiler Hours Plant Operating Average Plant 
Week Steam Of Operation Hours Stm~ Consumption/Hr. 

1/6/80 2,160,700 244 120 18,005 
1/13/80 5,136,200 400 120 42,802 
l/20/80 4,953,900 376 120 41,282 
1/27/80 5,367,800 335 120 . 44,732 
2/3/80 5,491,700 408 120 45,764 

2/10/80 4,884,900 420 120 40,708 
2/17/80 5,234,700 370 120 43,623 
2/24/80 2,957,900 292 120 24,649 
3/2/80 5,359,400 295 120 44,662 
3/9/80 4,948,300 289 120 41 ,236 

3/16/80 5,006,600 291 120 42.388 
3/23/80 4.529.200 290 120 37~743 
3/30/80 4,102,100 261 120 34,184 
4/6/80 4,216,100 252 120 35,134 

4/13/80 4,220,700 267 120 35 '172 
4/20/80 4,200,700 288 120 35,006 
4/27/80 3,295,500 236 120 27,462 
5/5/80 4,055,400 247 120 33,795 

5/11/80 4,096 0100 219 120 34,134 
5/18/80 3,820,000 247 120 31 ,833 
5/25/80 3,657,700 225 120 30,481 
6/l/80 2,498,700 162 120 20,822 
6/8/80 3,926, 00 234 120 32,720 

6/15/80 3,823 '1 00 241 120 31 ,859 
6/22/80 3,645,300 236 120 30,378 
b/2Y/t1U 1,488,800 131 120 .12,40/ 

7/6/80 -0- -0~ -0- ~o ... 
7/13/80 -0- -0- -0- -0-
7/20/80 3,092,400 237 120 25,770 
7/27/80 1,879,100 141 120 15,659 
8/3/80 2,944,200 239 120 24,535 

8/10/80 2,935,500 242 120 24,462 
8117/80 2~912.400 243 120 24.270 
8/2~/80 3,1~6,000 2~ 1 120 26.217 
8/31/80 3,132,300 229 120 26' 102 
9/7/80 2,102,600 162 120 17,522 

9/14/80 3,255,900 250 120 26,882 
9/21/80 3,168,200 241 120 26,402 
9/28/80 ~,11)4,700 241 120 26,622 
10/5/80 2,994,500 231 120 24,954 

10/12/80 2,252,400 152 120 . 18 '770 
10/19/80 2,302,600 149 120 19 '188 
10/26/80 4,144,600 289 120 34,538 
11/2/80 4,316,700 265 120 35,972 
11/9/80 4,238,400 268 120 35,320 

11/16/80 3,703,800 230 120 30,865 
11/23/80 4,990,400 313 120 41 ,587 
11/30/80 . 2,636,900 188 -120 21 ,974 
12/7/80 5,677 ,500 405 120 47,312 
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) ·:ENERGY 

110 South Orange Avenue 
SYSTEMS i!;~·~- ""> . . ... Livingston,_ New Jersey 07039 U.S.A. 

November 11, 1980 
S0-163 

t•Iarvin 1aJ:Jeck 
J.E. Sirrine Company 
P. 0. Box 5456 
Greenville, S.C. 29606 

SU13JECT: FEASIBILITY STUDY, INCINEP~TOR WASTE HEAT 
RECOVERY , SIRRINE JOB NO. S-1881 

Reference: 1) Letter dated 11/3/80, LaBeck to Hashe 

Gentlemen: 

We have reviewed the conceptual design received with reference 1) and 
have the following comments: 

1. With the temperature range available (900-400°F), we would recommend a 
low pressure steam system for energy recovery rather than the Organic 
Rankine Cycle. A steam system using at the inlet, the same pressure and 
temperature (125 psig- 375- 400°F) as the process steam you are currently 
generating, could produce 2250-2300KW net output by using a condensing 
turbine with 1.5 psia outlet pressure. This arrangement would: 

Provide one simple low pressure steam system instead of two different syste11 
(one process steam one power vapo~ each with its attendant problems. 

Allow use of one large boiler or two smaller boilers in parallel. 

Eliminate the need to control or balance the flow of flue gas to 
the two separate boilers. 

Provide maximum utilization of available heat by diverting excess 
process steam requirements directly to power generation with siwple 
rapid response controls. 

Allow use of a single power turbine with only one set of controls. 
(Proven technology) 

Eliminate any fire hazard in the flue gas stream. 

Reduces feed pump power losses providing greater net power . . 
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S0-163 

2. The suggested use of toluene (an aromatic) as a working fluid in a 
superheater plac.ed directly in the flue gas stream presents a safety 
and fire hazard problem which must be considered. With a known flue 
gas corrosion condition extra corrosion allowance and quality control 
on the construction would be a certain requirement and even with these 
precautions a fire monitoring and control system may be appropriate to 
protect the expensive equipment installed downstream of the superheater. 

J. In the conceptual design shown, we feel that specific consideration for 
the mixing of the recycled flue gas with the primary hot gas is required 
to obtain a relatively constant temperature profile (plus or minus )0°F) 
to the boiler3. The prcocnt configuration appears short or "ri t.hrmt. 
mixing provisions. 

4. A realistic pressure drop must be provided for the steam superheater 
(3-5 psi should be adequate). 

5. If the process steam requirement would allow it, increasing the steam 
system pressure to 140-150 psig could be accomplished with little process 
change with an associated enhancement of a steam power generation system. 

6. The use of heat pipe boilers appears to us as a good approach to providing 
a compact, simple, reliable heat recovery arrangement. 

In summary, we feel that a single low pre3sure steaut system can provide a 
simple, well proven, energy recovery system which will produce as much and 
probably more net power than any Organic Rankine System. The capital cost 
would probably be less and operating and maintenance co::;Ls of the single system 
would certaining be less. 

We are pleased with your interest in us and would look forward to working with 
you on a more suitable application. I am enclosing our brochure and a paper 
.··id.ch we delivered in Houston earlier this 6ear. As described in this information, 
we prefer waste heat sources in the 200-450 F temperature range, which is where 
we feel the real potential for Organic Rankine Cycle Systems exists. Should you 
desire any additional information or have a potential application, please contact 
us. 

RHS: jc 
Attachment 

cc: S. Ichikawa 
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Very truly yours, 

AFI ENERGY SYSTEMS 
; · 

.. I · ; 
; · j . 

I 
: ' 

Robert H~ Sawyer 
General Manager 





SYSTEMS 

ENERGY 

ENERBY COIISERVATION/COBENERATION 
The AFI Organic Rankine Cycle System uses an organi9 Working fluid to generate power 
from low temperature heat sources. Systems of 500 to 4,500 KW (or equivalent shaft power) 
using flurocarbon working fluids are currently offered for liquid or condensable waste heat 
applications.· Potential investment paybacks can be as short as two years, depending upon 
energy rates and waste heat stream characteristics. 

A complete package system 

The AFI system is an assembly of compact modular 
units ready for use; particularly suitable for installa
tion in existing plants. AFI is prepared to work with 
you to develop o.n octimate of cost and return on 
investment for your particular application. Engineer
ing. procurement and installation services are pro
vic1P.c1 to insure a complete operatin~ system. 

Commercial Avallablll(y 

The AFI system incorporates a commercially proven 
turbo-generator in conjunction with other system 
components of standard "off the shelf" proven pro
cluction designs. 

System operating experience 

Over ten years of experience presented in the table 
below backs the AFI Organic Rankine Cycle System. 
An example is the 3,800 KW unit which has been in 
operation in Japan since 1968. Deriving its energy 

from low temperatu re waste heat in a chemical 
process plant and using fluorcarbon refrigerant-11 
as the work ~ng fluid , the unit has acctJmulated 
75,000 hours of operation in 10 years time with an 
availability factor exceeding 98%. 

U.S. Experience 

A 560 KW Organic Rankine Cycle System is installed 
at Allied Cllernic..:al'~ Sulfwil; Al;iu PIC1r"1l at Claymont, 
Delaware. It will be available for inspection in mid 
1979. 

The AFI partnershi~ 

Responsibility for the sale, design and manufacture 
of Organic Rankine Cycle Systems is vested in AFI 
Energy Systems, a partnership formed by Foster 
Wheeler Energy Corporation and lshikawajima -
Harima Heavy Industries Co., Limited -Tokyo, Ja
pan. The broad technical expertise and resources of 
these major corporations provide in-depth backup 
for AFI. 

ORGANIC RANKINE CYCLE SYSTEMS PRODUCED BY /HI 
l :~r' . .::"~>Jl· ~:;.'-" ". · ... · ... ._.,. 

Mbubllhi lwataya IHI Allied Chemical = ~ Gill Chemical Qepartmerlt Store To~No. 3 Companb 
I;• ·' ·f'· -·" ::::= . Company Company . · ks Claymont, E 

~~ 
. iS"~,~-

~ 
2,000 FJf turbo- 8oo RT turbo- FTG-50 650KW 
refrlgeraaot & · refr=tor generator generator 

-· .. ':.. ' :" gt~nerittdr (1968) (1 ) (1974) (1977) . 

..:.. Fluid. '" saturated tteJ. "' Xylene Vapors - wet steam saturated steam Sulphuric Acid ....... flow- (l..lft'h) 4,400 683,000 11,900 12,800 927,700 

,~ii' 
Ternpetatute ("1=) 3181167 

.l 
223-007/ 266/13J 304/167 240/183 

''In/OUt "• " 156-307 

Heat~ ' 
"(' .4.8 105 ·~ 12.7 13.5 19.4 

. '~ (MMB Jh} . -,..... Type S.F. integral O.F. separate S.F. integral S.F. integral S.F. integral 

'*'*'-· with compressor reduction gear with compressor reduction gear reduction gear ..... 
. 190/15,s00 

: ., . Pwr Output rW)I 3,800/5,280 475/8,750 . 500/10,370 560/9,590 
Speed (rpm 

,.~ Type Fixed tube sheet U·tube kettle U-tube kettle Fixed tube sheet Fixed tube Sheet 
shell and tube ' shell and tube shell and tube 

. ,,~ . '. 
~ Type Shell and tube Evaporative Shell and tube Fixed tube sheet Fixed tube sheet 

condenser shell and tube shell and tube 

~~1ater ' ~.6/96.6 - 89.6/98.6 79/91 .4 63/13 
~felilP- ) In/Out :~ i, ·' ' 

S.F.- S1ngle Flow. D.F.- Double Flow. 
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ORGA/IIC RAIIKIIIE CYCLE SYSTEM 
Application criteria 

The AFI Organic Rankine Cycle System is offered for 
use on app~cations having the following charac
teristics: 

Waste Heat Streams 
~ Inlet lempereture Range 

Liquids 250 - 450°F 
Condensable Vapors 200 - 350°F 
The stream might include distillation tower overhead 
vapor streams, liquid or vapor product cooling 
streams, including those from reactor cool ing coils. 

System Output 
• Mechanical power in the form of a direct drive to a 

compressor, pump, fan, etc. 
• Electrical power from a driven generator. 
• A combination of both electrical and mechanical 

power. 

Industries 
Energy can be recovered from process streams in 
industries such as: 
Petrochemicals I Chemicals I Pharmaceuticals I 
Paper I Petroleum and Refining I Steel I Smelting I 
Paint Manufacturing I and other manufacturing 
processes generating heat. 
Or converted from natural energy such as solar and 
geothermal heat. 

Organic Rankine Cycle Description 

The AFI Organic Rankine System, utilizing a low boil 
ing point working fluid , operates in the following 
manner: 
Liquid fluorocarbon held in the receiver is pres
surized by the pump and delivered to the vaporizer 
where it is heated and vaporized under constant 
pressure by the heat source. The dense fluorocar
bon vapor produced, is led into the turbine where it 
expands adiabatically to drive the turbine and its 
connected load . The vapor from the turbine exhaust 
then flows to the condenser which condenses it to 
liquid form for recycling through the receiver and 
pump. The load driven by the turbine may be an 
electric generator, refrigerating equipment or other 
machinery. 
Three primary control cirr.uits Are JJtilized . 

• A liquid bypass around the pump-receiver main
tains a constant liquid level in the pool type vap
orizer. 

• A vapor bypass around the turbine allows opera
tion of the heat source process with or without the 
turbine operating, as well as providing turbine inlet 
pressure protection and excess heat handling ca
pacity. 

• A speed control circuit to set and maintain turbine 
speed over the full power range . 

ORGANIC RANKINE CYCLE SYSTEM FLOW DIAGRAM 
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AFI OR6AIIIC RAIIKIIIE CYCLE OUTPUT 
SPECIFIC 
HEAT 
(BTU/LBoF) 1 / 

71/ "''?// 

RECOVERED OUTPUT FROM LIQUID HEAT SOURCE 

Output estimation 
These nornographs provide a simple means for es
timating Rankine Cycle System output. For example, 
with a liquid heat source flowing at 10 x 105 lb/hr with 
a specific heat of 0.5 and 340•F (171°C) inlet temper
ature , the gross output is 2,500 KW. Cooling water 
temperature has a significant effect on system out
put. The nornographs reflect an so•F cooling water 

1600 -·. · 1-· - -- - -+-----· T 

1400 

1200 

1000 

BOO 

CONDENSING 
TEMP. OF 
HEAT SOURCE 

/ LATENT 

'·, 

HEAT 
(BTU/LB) 

RECOVERED OUTPUT FROM CONDENSABLE HEAT SOURCE 

inlet temperature. Were this temperature decreased 
to 65°F, system output would increase from 2,500 KW 
to approximately 2,800 KW. Similar output estimates 
can be made for condensable vapors using the ap
propriate figures . A multiple unit system may be re
quired to achieve an output exceeding 4500 KW. 
Again, it is emphasized that output may also be 
utilized directly as shaft power 

AFI o,_/1: IIMkllle Cycle 
E,._, Size Vs. C•plete 
Mllllllle Cat 
The cost of equipment can vary significantly with 
application. The two cost curves shown are (a) 
typical for applications where the heat source is 
nonrorrosiva and the heat exchangers are of carbon 
steel construction and (b) a typical corrosive heat 
source app11cat1on us1hg stoinle:;:; steel hem 
exchanger construction . The economy of size is 
readily seen and multiple heat source streams 
should be considered when selecting a lluitable 
system. Higher inlet temperature and heat transfer 
characteristics of the heat stream provide better 
equipment economics. 
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500 KW ORSA/1/C RAIIKIIIE CYCLE SYSTEM 
OPERATI/16 ON L.P. STEAM HEAT SOURCE 
AT /HI TURBO-MACHIIIERY PLAIIT 

CONDENSER VAPORIZER EXPANDER 
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ORGAIIIC RAIIKIIIE 
CYCU SYSTEMS 
Space Requirer..ents. 
Systems normally require a clear area of 500 tq1 ,500 
square feet adjoining the waste heat stream. Utiliz
ing steam as the waste heat stream permits compact 
equipment which could reduce the required area by 
up to 50%. 

Output (KW) L w H 

Up to 1000 30' 20' 25' 

1000-2000 40' 25' 25' 

2000-4000 40' 45' 30 ' 

For an evaluation of an AFI Rankine Cycle System 
application to recover energy from waste heat in your 
facility, contact: 

AFI Energy Systems 
110 South Orange Avenue, Livingston, N.J. 07039 
Telephone number- (201) 533-2091 
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Rep~inted aourtesy of Q-dot CoPpo~ation by 
pePmission of Mode~ Powe~ and EngineePing 

Waste heat recovery with heat pipes 
One of the most promising new de

velopments in · energy conservation 
technology is the heat pipe. Using a 
closed evaporation-condensation cycle 
capable of transferring heat at ex
tremely high rates, heat pipes provide 
a highly efficient means of recovering 
waste heat from a wi!ie range of 
processes and applications. 

One of the pioneering heat pipe ap
plications in ·Canada was installed in 
1971 at the Brantford, Ontario plant 
of KeepRite Products Ltd. The com
pany had just installed an automatic 
epoxy powder paint operation, where 
parts are given an electrostatic charge 
and a powdered epoxy paint is blown 
onto the surface, where it is evenly 
deposited. The parts are then heated 
in a bake oven to a temperature of 
approximately 400F. 

With a 400F exhaust temperature 
from the oven, and daily usage of 
about sixteen hours, the oven seemed 
·to be an excellent application for heat 
reclaim, and the decision was made to 
install a heat reclaim system based on 
new heat pipe technology. 

lllfltallatlon: The oven is fired by 
natural gas, with a total input of 2,-
000,000 Btu/hr. Maximum oven tem
perature is set to a limit of 4SOF. Ex
haust is 2,100 scfm, but supply air is 
maintained at 1, I 00 scfm in order to 
keep the oven at a negative pressure. 
" A Q-Dot heat reclaim coil, five 
rows in depth, with eight fins per 
inch, and coil face dimensions of 24-
in fin height and 48-in fin length was 
selected. It has an operating weight of 
250 lb, and is installed on the roof of 

the bake oven along with exhaust and 
supply fans. 

The original ducting within the 
bake oven remained undisturbed. In 
this way it was possible to proceed 
with the installation of the heat re
claim system without interrupting the 
production. Installation was simple, 
since the major work involved ex
tending the exhaust duct to a point 
where the Q-Dot system could re
move heat from the exhaust and 
transfer it to the supply air system .. 

Operatioa: The heat reclaim coil 
was selected for a maximum exhaust 
temperature of 470F. As a safety 
measure, a damper is installed in the 
exhaust duct to bypass the exhaust 
gas in the event that temperatures 
should exceed 4SOF. Note: Heat pipes 
can be provided to handle much 
higher temperatures than this, but the 
4SOF limit was judged most suitable 
for this installation. 

The coil is cleaned once a month 
by hand, spraying a solvent paint-re
moving compound over the fin and 
tube to remove any paint buildup. Ac
cess ports have been provided in the 
supply and return duct to allow in
spection and cleaning of the coil sur
face. 

CoO performaace: Fin spacing of 8 
fins. per inch was selected for the coil 
to provide long periods of operation 
between coil cleanings under the 18 
hours a day operation experienced in 
this installation. 

At a coil face velocity of 387 fpm, 
and with five rows of tubes in the di-

2,000 Std. CPII 

By-paaa ~er aet to divert eabauat to 
ataoaphere vheD .. perat~e esceeda 4500, 

Supply Air PaD 
Q-Dot 11111125 Heat Bachaqer 
24 x 48" 1,100 Std. c:nt 
5 r-e deep 8 PPI Preheated Supply .Ur 

to lacirculatlD& PaD 

Heat plpe1 carry Mol /rom the uluaut Glr 116tem to tla. 1upply Glr 1111em. 
Figure1 1hown are for typical winter condltlon.r, where the Incoming air is 
wtll'med by 226.° F. Heat recovery would be higher with balanced air flows. 
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rection of air flow, the recovery fac
tor for the supply side of the coil was 
0.65. This means that the temperature 
rise of the supply air is 65% of the 
difference in temperature between the 
entering exhaust and the entering 
supply air. 

With exhaust air reaching the coil 
at 386F, and a .65 recovery factor, 
temperature of the supply air coming 
in at 39F ambient temperature would 
reach 226F. 

In establishing the performance of 
heat reclaim devices; the effects of 
unequal exhaust and supply flows, 
and the resultant temperature drop 
and temperature rise, must be taken 
into consideration. The temperature
drop of the exhaust gas will be in di
rect proportion to the ratio of supply 
to exhaust volumes as standard cfm's. 

Since this installation uses a 226F 
temperature rise, but supply volume 
is only 1,100 scfm compared with 2,-
000 scfm exhaust, there will be a 
124F temperature drop for ·the ex
haust gas. Total amount of heat avail
able for the conditions shown in Fig
ure 1 is 1SS,OOO Btu/hr., and heat 
being reclaimed is 272,000 Btu/hr. 
giving a heat recovery of 36% of the 
available beat in the exhaust. 

If a negative system pressure was 
not necessary, the supply flow could 
be equal to the exhaust air flow. The 
exhaust temperature drop would then 
equal the supply air temperature rise, 

•and the heat loss of the exhaust 
would equol the bent goin of the sup
ply. In this case, the system would 
reclaim 53% of the heat available 
from the exhaust gas. 

lllldfkatloa: Calculations indicate 
that the heat reclaim system will re
turn the original installation cost in 
just under two years. Because there 
are no moving parts in the beat pipe 
coil itself, maintenance costs are lim: 
ited to periodic cleaning of the coil 
surface. With no parts to wear out or 
go out of adjustment, the coil life will 
equal or surpass that of the oven in
stallatioa. 

H.t plpec Heart of the Q·Dot 
heat recovery system is a closed evap
oratioo-coodcosation cycle Q-Pipe 
heat pipe capable of transferring heat 
at an extremely high rate. 

A refriaerant and a capillary wick 



~TN ~TOUT C()()Lf-

.mmmmmm 

C'M'I.LM't WICK 

Heal vaporizes refrigerant inside heal pipe tube. Vapor 
transfers heat to other end of the pipe, then returru. 

Rows of heal pipes use jim to incret.Ue heal transfer 
surface. Partition separates incoming tl1ld outgoi"fl air. 

are permanently sealed inside a metal 
tube setting up a liquid-to-vapor-to
liquid circulation loop. Heat, applied 
to eltber end of the pipe, causes the 
refrigerant to vapOriZe. The refrig
erant vapor then travels to the other 
end of the pipe, where thermal 
energy is removed. When heat is re
moved, the vapor condenses into liq
uid again and the c:ondensed liquid 
then flows back to the opposite end 
through the capillary wick to start a 
new cycle. 

The Q-Dot ·thermal recovery unit is 
a counterflow heat exchanger. While 
it has the outward appearance of an 
ordinary plate fin heat exchanger 
coil, it actually contains many Q
Pipes. Each Q-Pipe extends across the 
total width of ·the unit, transfening 
heat from the warm exhaust air to 
the cooler supply air. 
. Cn:w<OotAJnination of the two air 
streams is prevented by a sealed Part!· 
tion which divides the thermal recov
ery unit into two sections. Selection 
of the prop:r Q-Pipe and thermal re
covery unit allows operation of the 
heat recovery coil at temperatures up 
to 900F. 

Operating costs of the system are 
minimal, since no external power 
source. is required. and there are no 
movinr parts to wear. With its high 
heat transfer efficiency, the Q-Dot 
heat reclaim system offers significant 
economies and energy conservation 
potential by recovering beat from 

· exhaust air and retuminr it to the 
process or space heatillJ system. 

TyplCGI &-ystem u.ru compel heat 
excluuage unit with duct1 ro provide 
rellGble, effident #teat r«<Very. 

Hen's how cost savings were calculated • • • 
A study of the economic feasibility of this application had been made 

using hourly data, summaries provided by the Climatology Division of 
the ~partment of Transport for the Toronto area. Temperature& bad 
been averaged for a ten-year period thus allowing an ac:c:urate forecast 
of fuel savings. The study was based on an exhaust temperature of 
400° F. and year-round operation of the system. 

P.mt bike ovea yearly heM redalm tabaladoD 
Avenge 11m- No. ol boun 
bleat supply L VG. 11Upply obee"ed per. 
air tempera- air tempera- yr. at ava. 

tun ture ambient temp. 

93° F 293 17.0 
85 290 276.6 
73 286 877.6 
63 283 1370.8 
ss 219 1344.6 
45 276 1242.4 
35 272 1622.6 
Z5 269 1039.3 
13 26s 595.3 

3 262 275.5 
-5 258 60.8 

4.03 X 1()11 
67.30 
22.30 

354.69 
358.29 
340.65 
468.70 
301.02 
177.02 

84.05 
19.02 

•(1.08) (1,100 SCFM) (Temp. Rise) (Observed 2,395.07 x 1()11 Btu Year 
Hours) = Btu's Saved 

The yearly fuel dollar savings were tben based on the following factors: 
- S day per week operation 
- 18 hour per day oven usage . 
-4 weeks shutdown for vacations, holidays, plant inventory, mainte-

nance, etc. 
- 100% efficiency for gas bwner 
-a natural gas rate for 197S of $1.50 per million Btu. 
The fuel savings in dollan for 1975 were c:alculated as 
2,395.07 Btu/br X (S} X (18) 'Jr (11) ll ( 1 ) X ($1.50) = $1,764 

T 24 1i T rate per year 

Sim.ilarly, at a predicted Natural. Gas rate of $2.00 per miUion Btu 
for 1976, the fuel savings for 1976 will be $2,352. 
PAY BACK . 

Upon completion of the installation, all charges and expenses were 
tabulated. The total (:OIIt of materials, labour and equipment for the in
stallation was $4,069. Although the exhaust and supply air flows are 
minimal and their installed cost were correspondingly bigb on a dollar 
per c:fm basis, the heat reclaim system will return the original installation 
cost in just under 2 years. 

Because there are no moving parts in the heat pipe coil itself, mainte
nimce costs are limited to periodic cleaning of the coil surface. W"rtb no 
parta ·tO wear out. or go out of adjustment the c:oil life will equal or sur
pus that of the oven installation. 
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0-DOT 

0-dot KNOWS heat transfer. We are acknowledged 
world wide as the leader in heat pipe heat recovery. 
0-dot understands today's and tomorrow's energy 
economics. When you provide more efficiency with less 
-less size, less weight and less complexity-you've 
got a WINNER the 0-Pipe Waste Heat Recovery Boiler. 

0-PIPE WASTE HEAT RECOVERY BOILER 

The 0 -Pipe Waste Heat Recovery Boiler (WHRB) is 
designed to convert waste heat from ovens. furnaces, 
turbines. incinerators. combustion equipment etc.. into 
valuable steam for use in your plant. The WHRB is 
comprised of a 0-Pipe Thermal Recovery Unit and a 
steam ~re~~ure ve~~el. 
The 0 -Pipe Thermal Recovery Unit is a heat exchanger 
consistinq of numerous indrv1dual heat pipe heat 
exchangers, called 0-Pipes. The effeaiveness of 0-dot's 
patented technology is evidenced by over 3000 Thermal 
Recovery Units currently in operation. 

PERFORMANCE 

The 0 -Pipe Waste Heat Recovery Boiler produces 15 to 
150 psig steam tram 500 to 1200°F exhaust gases. The 
0-Pipe WHRB is designed to maximize conveaive heat 
transfer. the most efficient heat transfer mechanism in 
this temperature range. With its large finned area, low 
pressure drop, and extremely efficient heat pipe energy 
transfer. the 0-Pipe WHRB is more efficient than waste 
heat recovery boilers intended for higher temperatures 
and dependent on radiant transfer. 

• Condensation 
0 Evaporation 
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The 0-Pipe Waste Heat Recovery Boiler delivers up to 
80% recovery of available energy with less than 1 .5 "of 
exhaust static pressure drop. 
The 0-Pipe WHRB is up to 50% lighter and smaller than 
conventional waste heat boilers delivering comparable 
performance. 

HOWFrWORKS 

Each 0-Pipe is an individual, steel, spiral finned tube 
fabricated with a capillary wick structure, evacuated. 
filled with an operating fluid, and permanently sealed. 
Thermal energy applied to either end of the pipe 
vaporizes the fluid at that end. The vapor travels to the 
p1pc·s opposite end where thermal ener0y i~ lt'llluvet.J, 
condensing the vapor into liquid and giving up the 
latent heatof condensation. I ~1e wnt.Je11~ed liquid 
flows back to the hot end to be reevaporated. 
completing the cycle. 
This closed loop condensation-evaporation cycle is 
continuous as long as there is a temperature difference 
to drive the process. In the 0 -Pipe WHRB. this 
temperature difference 1s determined by the water 
entering the boiler and the exhaust gases passing 
through the thermal recovery unit. 

DESIGNED TO FITYOUR NEEDS 

0-Pipe Waste Heat Recovery Boilers are custom 
designed to provide the recovery you need. Standard 
configurations are sized to accommodate airflows from 
4.000 SCFM to 22.000 SCFM. Special units can be 
fabricated to meet your airflow re(juirP.mPnt<> . 

r 

Hot exhaust a1r 



THE WHRB 

II 0-Pipe 
• Steam pressure vessel !controls not shown) 
0 Hot exhaust gas inlet 
D Cooled exhaust gases 
0 Steam outlet 
• 0-Pipe frame 
D Insulation 
m Water 
• Metal jaclo;et 
• WHRB skid 

ADVANTAGES AND DESIGN FEATURES 

The 0-Pipe Thermal Recovery Unit is the only part of the 
0-Pipe WHRB in the exhaust airstream. Because no 
water flows through it, the danger of water leaking into 
the duct or process is much less than for any other waste 
heat recovery boiler. · 

The 0-Pipes have no moving parts and require no 
mechanical maintenance. Each 0-Pipe is a self 
contained heat exchanger. They are assembled in a 
frame, but are not connected, so there are no tubing 
bends or joints to create problems. The 0-Pipes are 
individual(y replaceable. 
To facilitate cleaning, the fin spacing of the 0-Pipes is 
variable between 2 and 6 fins per inch, depending on 
the degree of contamination of the exhaust air. 

The 0-Pipes are attached to'the ASME approved boiler 
in a manner allowing free expansion on the ends of the 
0-Pipes. Removable plates in the boiler permit easy 
access for cleaning. All aspects of the 0-Pipe WHRB 
meet or exceed the ASME boiler construction code, and 
each boiler is hydrostaticai!Y tested. 

To minimize heat loss, each boiler can be supplied fui!Y 
insulated and covered with a hea"Y gauge enameled 
steeljacket. The 0-Pipe WHRB is delivered reac(y to install; 
complete with·controls and mounted on its own skid. 
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• Industrial process 
• Hot exhaust gas inlet 

0-Pipe Thermal Recovery Unit 
0 Cooled exhaust gases 
• Steam pressure vessel (controls not shown) 

Steam outlet 
D 0-Pipe frame 

COMPllfER ANALYSIS 

Your Q-Dot WHRB Sales Representative is prepared to 
~ssist you with a free computer analysi~ of the energy 
savings and payback time for your 0-Pipe Waste Heat 
Recovery Boiler. The enclosed selection form details 
standard models and outlines basic sizing procedure for 
the 0-Pipe WHRB. 

STANDARD EQUIPMENT 

Feed WaterCnntrnliPr 
Manual Reset Low Water CutOff 
Auxiliary Electronic Low Water Cur Off 
Operating Pressure Controller 
High Umit Pressure Switch 
ASME Pressure ReliefValve 
Gauge Glass With Tricocks 
Dial Pressure Gauge 
Dr.1in <=~nd Blow Down Valve 
Ufting Lugs 
Steel Skid Mounting 
ASME Stamping 
Nationul Oourd Rcgi~tr.Jtion 
Removable Plates for Access to Boiler Interior 

Bulletin WHRB-78-2 
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OPTIONAL EQUIPMENT 

Condensate Retum System 
Dial Temperature Gauge 
Alarm Bell With Silencing Switch 
Automatic Blow Down With Timer 
Heavy Density Fiber Glass Insulation 
Baked Enamel Segmented Steel Jacket 

For information on 0-Dot's industrial air to air heat pipe thermal 
recovery units. write for brochure OIN. 

PdleJib ~nding . 

0.-DOT CORPORATION 
726 REGAL ROW 
DALLAS, TEXAS 7b'l.4/ 
214/630-1224 
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1 00 KW Terry T -G set 
by a Type Z solid-wheel turbine. 
Generator is housed in weather 
protected enclosure. 
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. -"-, 
Multi-stage, multi-valve Terry 
turbine is directly connected to 
the generator of this 5,000 KW 
T-Gset. 

I 

- - '!" ..... • 

Mounted on integral base, 1 ,000 KW 
T-G set incorporates Terry solid-wheel 

turbine, Terry gear, and TEWAC generator. 

by a multi muyt~ , rllulli-v.tlv"' r. ... 1.;,;,. 

.. 

TEWAC generator is driven through Terry reduction gear. 

Two 750 KW T -G sets incorporate Terry gears and TEWAC 
generators. Unit in the foreground is powered by multi-stage, single

valve turbine . Multi-stage, multi-valve turbine powers the other unit. 
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Terry manufactures T-G sets with 
output capabilities ranging up to 15,000 
KW. This brochure, howev~r. focuses 

. on units in the 50:-1,500 KW range, 
because the economics of present-day 
energy J!lanagement has brought 
about a changing role for smaller 
steam turbine generators. In the past, 
when electric power could be pur
chased for less than a penny per 
kilowatt hour, the use of T-G sets rated 
below 1 ,500 KW was usually confined 
to emergency and standby service. 

While turbines are still ideally suited 
to the special requirements of backup 
duty, the search for ways to combat ris
ing energy costs has resulted in in
creased use of smaller T-G sets for 
base load service. More and more 
energy managers are finding that 
steam generated for plant or process 
use is often not fully utilized. In some 
cases energy is being wasted when 
pressure reducing valves are used to 
bring steam pressures down to the 
levels required in the J;>roc~ss. In other 
cases low pressure steam is being re
turned to the condenser or vented be
fore all the useable heat energy has 
been extracted. Similarly available 
waste heat, which can be used to gen
erate steam in a heat recovery boiler, is 
often not utilized. 

And wherever such waste is occur
ring, a Terry T-G set provides an ex
c.ellent way to tighten the plant heat 
balance equation, conserve valuable 
energy. In most applications the steam 
to power the turbine is essentially free, 
yet the turbine can generate electric 
power that is worth as much as 5~/kw-hr. 

Terry's 
qualifications 

Measured by experience in the tur
bine field, Terry's record is hard to beat. 
As a pioneer in the industry Terry 
started designing and manufacturing 
turbines in 1903. Since that time Terry 
has grown steadily and is now a lead
ing supplier of steam turbines. Today 
there are hundreds of Terry T-G sets in
stalled throughout the world in the 
petroleum, chemical processing, 
sugar, paper, marine, and food pro
cessing industries. Some units have 
been installed to meet emergency 
needs, many are supplying part of the 
basic plant electric power requirement. 

Basic system 
configurations 

Terry turbine generator sets are cus
tom built systems, designed to meet 
the exact thermal and electrical re
quirements of each application. Basic 
components of the system are the tur
bine, reduction gear, and generator. 
These three components are normally 
factory assembled on an integral base, 
but can be supplied separately. System 
accessories include such items as 
couplings and coupling guards, trip and 
throttle valve, motor operated gover
nor, pressure lubrication, and the full 
range of instrumentation needed to 
achieve proper interface with the exist
ing electrical system. In addition Terry 
can supply the required switchgear and 
supervisory control equipment. 

As the specific parameters are es-
. tablished for each application, system 
components are carefully selected to 
assure optimum efficiency, long 
equipment life, and the lowest possible 
first cost. For instance, in base load 
service the opportunities for long-term 
energy cost savings usually dictates 
the use of multi-stage turbines. Yet, for 
applications that call for cold, fast 
starts, a Terry single-stage, solid-wheel 
turbine is the best alternative. 

The choice between direct con- · 
nected and geared systems is also 
carefully evaluated from the standpoint 
of cost and overall system efficiency. 
Such factors as operating environ
ment, electrical characteristics of the 
served load, and space limitations 
are thoroughly reviewed to match 
generator capabilities and application 
needs. In addition where there is a 
need to match new and existing 
switchgear or generators, Terry has the 
flexibility to put together the desired 
components. 
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Turbine 
selection 

At Terry two basic types of turbines, 
single-stage or multi-stage machines, 
can be used to power T-G sets. Multi
stage machines usually consist of a 
Curtis stage followed by the proper 
number of Rateau stag.es, while 
single-stage machines may incorpo
rate the unique Terry solid-wheel or 
a standard Curtis stage. 

Single-stage turbines are normally 
non-condensing machines, used 
where low first cost is essential. In addi
tion the inherent higher steam flow re
quirements of single-stage turbines 
makes them suitable for applications 
where the turbine serves as a pressure 
reducing device as well as providing 
shaft power to driv~ a generator. 

Multi-stage turbines may be either 
condensing or non-condensing 
machines. First cost is, of course, 
higher than for single-stage machines, 
yot tho otfioioncy of multi-stage tur
bines often result in fuel cost savings 
that are far greater than the difference 
in the initial cost. 

Single-stage 
When the application calls for 

single-stage turbines, the choice be
tween a solid-wheel and a bladed
wheel machine is made on the basis of 
steam quality, the severity of the duty 
cycle, and the required KW output. 

That is, where the required output is 
below 1 ,000 KW, available steam is wet 
or dirty, or where fast , cold starts are 
required, a Terry solid-wheel machine 
is hard to beat. The superiority of the 
solid-wheel design results from single 
piece construction, and the unique 
bucket configuration. Single piece 
construction means that there are no 



separate parts to become loose or 
work out. And since the power produc
ing action of the steam takes place at 
the backs of the buckets, wear does not 
materially affect performance. 

Terry solid-wheel turbines are avail
able in output ratings up to 1,000 KW. 
Inlet pressures and temperatures can 
range to 1,500 PSIG , (105.4 KG/CM2 ) 

and 1,000 FTT (538 C) . Exhaust pres
sure upper limit is 400 PSIG (28.1 KG/ 
CM2 ). 

Where steam quality is satisfactory 
and starting requirements are normal, 
bladed-wheel turbines can be used. 
Their higher efficiency and larger size 
provides greater power producing 
capability. 

Terry single-stage, bladed-wheel 
turbines are capable of delivering from 
1,500 to 2,000 KW with the specific rat
ing depending on the pressure and 
temperature of available steam. These 
turbines are designed to operate at 
inlet temperatures and pressures up to 
1,500 PSIG (105.4 KG/CM2)-950 FTT 
(510 C) and exhaust pressures up to 
400 PSIG (28.1 KG/CM2). 

Multi-stage 
Today the rapidly rising cost of fuel 

makes driver efficiency more important 
than ever. Thus the efficiency gains 
possible from multi-stage turbines can 
pay big dividends, particularly when 
the turbine is applied in base load 
power generation service. In the 1,000 
KW size range the efficiency gain pos
sible with a multi-stage machine com
pared with a single-stage machine is 
about 11 percent. And measured in 
terms of fuel cost savings that's about 
enough to write-off the first cost of the 
turbine in just 12 months. 

Terry manufactures a variety of 
multi-stage turbines. The Type GAF, 
one of these multi-stage machines, is 
well suited for powering T-G sets rated 
in the 500-3,000 KW range. Extremely 
compact, the length of a GAF is only 
about a foot longer than its single-stage 
counterpart. Width and height are 
about the same for both types . 

Terry GAF turbines are impulse-type 
machines which are suitable for con
densing or non-condensing service. 
Rotor designs incorporate materials 
and features that assure maximum 
thermodynamic efficiency, and long 
operating life . Wheels are made from 
forged steel discs with large hubs, 
which are shrunk on and keyed to the 
shaft. Assembled rotors are dynami
cally balanced. Other major turbine 
components such as bearings , gover
nor valve, casings , diaphragms and 
glands are also designed and man
ufactured for minimum maintenance, 
maximum operating efficiency. 

Type GAF turbines can meet the re
quirements of NEMA SM-23 and API 
611 /612 standards. Output capability of 
GAF machines ranges up to 3.000 KW. 
Inlet pressure and temperature limits 
are 700 PSIG (49.2 KG/CM 2) 950 FTT 
(510 C) and exhaust pressure condens
ing to 105 PSIG (7.4 KG/CM2) . 

Generators 
Every Terry T·G set incorporates a 

generator which is carefully selected to 
meet the critical performance require
ments of the application . .. at a rea
sonable cost. 

Generator efficiency is thoroughly 
evaluated. Transient performance is 
checked, to the extent possible, to 
make sure that the generator has the 
capability to handle plant starting 
loads, without excessive voltage dip. 

Torsional compatibility studies are 
made when necessary to be sure that 
the turbine drive and the generator 
are matched. And the mechanical/ 
electrical integrity of all generator com
ponents is critically evaluated to be cer
tain that maintenance requirements 
will ut: lllillilllctl ... UIJt:l ctliii\:J lift: lUll\:! 
and trouble tree . 

Where there is a need to match new 
and ex1stmg equipment, lerry can pro
vide a generator manufactured by vir
tually any supplier. 

SPECIFICATIONS: 
The range of generator characteris

tics and capabilities available are tabu
lated below. 

• Size range-up to 1,500 KW 
• Type-synchronous or induction 
• Frequency-50 or 60 Hz 
• Voltage-standard voltages through 

13,800 v 
• Power factor-0.8 
• Excitation-brushless or static 
• Insulation-Class F, or as specified 
• Enclosures-drip-proof, splash

proof, weather-protected, totally en-
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closed forced-ventilated , a'nd totally 
enclosed water-to-air cooled 

• Temperature rise-to NEMA 
standards 

• Bearings-ball or sleeve 
• Lubrication-ring or pressure , 

either self-contained or combined 
with turbine and gear 

When required; a variety of control 
and instrumentation can be incorpo
rated into a Terry T-G set. Available 
items include: Voltmeter, ammeter, fre
quency meter, voltmeter/ammeter 
selector switch , manual or electri
cally operated main circuit breakers 
of appropriate interrupting capacity, 
and synchronizing capability. Con
trols and instrumentation may be unit 
mounted or supplied in a free stand
ing enclosure 

In total , tha flexibility possible in 
terms of generator performance and 
design is virtually limitless. Yet , whot
ever the specific type or style of 
generator chosen , you can be sure 
that Terry engineers will carefully bal
ance cost and performance consider
ations so that the system meets all 
your requirements. 

Gears 
First cost and operating cost con

siderations may dictate the use of a 
speed reducing gear in Terry T-G sets. 
From the standpoint of first cost , ex
perience has shown that the premium 
paid for 3,600 rpm generators can ex
ceed the cost of a gear many times 
over. From an operating cost point-of
view, running turbines in this size range 
at 3,600 rpm seldom permits achieving 
maximum efficiency. Each application 
is, of course, critically evaluated to 
make sure the use of a gear does in 
fact . result in the best overall cost/ 
efficiency relationship . 

And when a gear provides the best 
solution , a rugged precision built Terry 
gear is used. Experience-proven in 
thousands at applications, lerry gears 
r,~ re sin~le-reduction , fully enclosed, 
double-helical , high-speed units, built 
to AGMA standards. Gears and pinions 
are machined from special alloy steel · 
forgings and heat treated to achieve 
the proper combination of wear resis
tance and strength . The sleeve bear
ings are carefully matched to specific 
speed and load characteristics. All 
bearings and the gear mesh are pres
sure lubricated with filtered and cooled 
oil. Steel, flexible , gear-type couplings 
are normally used to connect the tur
bine, gear, and generator. Guards are 
designed to meet OSHA requirements. 



SPECIFYING AND APPLY:: 
TERRY T-G SETS 

The process of selecting a T-G set 
should start with a determination of four 
basic application parameters. They 
are: 

1. What is the amount, cost per 
1,000 lbs., quality, pressure, and tem
perature of the ayailable steam? 

2. Can exhaust steam be utilized in 
the plant process or will it be directed to 
a condenser? 

3. What type of duty cycle is re
quired, base load, intermittent, or 
emergency service? 

4. What is the character of the load 
to be served? · 

Available Steam-The need to 
carefully establish the character and 

·amount of available steam is required 
so that a correct turbine selection can 
be made, and so that the Terry T-G set 
can be properly sized. 

Steam quality (water content and 
chemical" composition) often provides 
the basis for choosing between a 
bladed-wheel or solid-wheel 
machine. Steam pressure and temper
ature provides the basis for determin
ing turbine type (single- or multi-stage), 
and for determining the kilowatt output 
that can be achieved. And a meaning
ful assessment of the economics of 
the application requires establishing 

the cost, expressed in dollars per 
1,000 lbs. of generating steam at your 
plant location. 

The information and chart below 
provides a method of roughly estimat
ing how many kilowatts can be pro
duced from a given amoun~ of steam. 
Precise determination of output capa
bility, of course, requires detajled 
calculations by the Terry engineer--
ing department. 

Exhaust Steam Utilization
Another important factor on the thermal 
side of the equation is the need or 
desirability of using turbine exhaust 
steam to meet process or plant heating 
needs. Thus the steam pressure and 
steam flow requirement for the process 
must be established. If steam is not 
used in the plant process it is neces
sary to establish the vacuum level at 
which the steam is condensed. 

Duty Cycle-Turbine selection is af
fected significantly by the type of ser
vice expected of the Terry T-G set. Base 
load and even intermittent service 
dictates the use of a turbine delivering 
maximum efficiency and the resultant 
minimum fuel cost. Fuel cost on the 
other hand is usually not as important 
in emergency service where the rapid , 
cold start capabilities of the turbine be-

Estimating T-G perfoiTI'lance 
Determining the approximate operatinq efficiency of a T-C1 SP.t is 

simple, readrly accomplished by using the chart to the right. 
The dotted line connecting the three elements of the chart demonstrates 

the sequence of the process. That is , starting at the upper left-hand corner 
inlet steam conditions and exhaust pressure for the application are estab
lished. Power range for either a single-stage or a multi-stage turbine 
i:s lak1:111 from the lower nght-hand ch'art. Approximate efficiency can then 
be picked off the lower left-hantt scale. In this example efficiency is 61%. 

Steam Rat&-Having established T-G efficiency, it is now possible to 
calculate steam rate. The first step requires establishing the amount of 

. energy available for use in the turbine , then determining what portion of this 
heat will be converted to electric energy by the T-G. Remember whatever is 
not converted is still available for process use. Using Steam Tables or a 
Mollier Diagram the following calculations are required . 
Available energy= isentropic heat drop = inlet enthalpy - exhaust enthalpy 
Inlet enthalpy (at 650 PSIG , 750 F) = 1,377 BTU/Ib 

Exhaust enthalpy (isentropic drop to 4" 'Hg Abs) = 957 BTU/Ib 

Available ent:ryy = I ,377 - 957 = 4::!0 l::l 1 U/lb 

come the key selection factor. 
Character of Load-A variety of 

iactors control generator selection. 
The-~t important, however, is the 
make up~f the served load. For in
stance, squirrel cage and synchronous 
motors draw sevwal times full load c_ur
rent from the po\ter supply under 
starting conditions. Conventional resis
tance hll;:id!such as lighting equipment, 
on the other hand, does not create a 
significant starting :current problem. 
Thus a detailed prbfile of the served 
load is needed to size the generator. 

Other essential electrical system 
characteristics that must be estab
lished include; 1) Operating voltage. 
2) Power factor. 3) Paralleling require
ments ... with another generator or 
the utility. 4) Permissible voltage dip, 
particularly as it relates to starting the 
largest motor or power consuming 
device. 5) Switchgear capability ex
pressed in terms of manual or auto
matic operation and the specific MVA 
interrupt capacity of the breakers. 
6) Desired generator connections, 
Wye or Delta. 

In addition to carefully establishing 
electrical requirements it is necessary 
to define the environment in which the 
T-G set will operate. Without this infor
mation it is not possible to select a 
proper enclosure. 

Now the steam rate can be calculated . 
--------~------

_-q:-l,~ 1,000- 3,000KW 
~:::...J_LJ 3,000- 7,000KW 

7,oo0-15,000 KW 
Steam Rate = 3,413 BTU/KW-hr (a constant) 

. 420 BTU/Ib x .61 (T-G efficiency) 

Steam Rate = 13.3 lb/KW-hr 

Thus to determine the pounds per hour of steam required to operate the 
T-G, multiply the steam rate by generator kilowatts. Or divide the steam 
flow availi:dJit1 uy lhe steam rate to determrne the number of kilow;tlts th<:~t 
can be generated. · 
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T JRBINrt:S 

Terry single- and multi-stage tur
bines offer performance capabilities 
that are ideally suited to power genera
tion service. Each of these turbines 
have established outstanding records 
in terms of efficiency, reliability, and 
ease of maintenance. 

Terry single-stage, axial-flow·ma-

GEARS 

chines are designed for high-volume, 
high-flow applications. These turbihes 
m~~lllll::llt:~4Uitt:~rrtt:t)tS of NCMA CM-
23-1979 and can be easily modified to 
meet API-611 specification::;. 

Terry solid-wheel turbines are im
pulse, helical-flow machines that offer 
exceptional ruggedness and minimal 

Terry gears are high-speed, 
double-helical, parallel-shaft units 
designed to deliver efficiencies as 
high as 98%. Standard gears will 
readily a~~ommnrlate the pitch line 
veloc:ities encountered in turbine 
generator sei'Vice. 

Every Terry 1-G set incorporates the 
generator best surted fOr the appli
cation because Terry is not encum
bered by the limitations of their own 

narrow product line. Generators from 
virtually any manufacturer can be 

supplied with the resultant benefits 
in terms of cost and performance. 

Ready to Serve 

maintenance requirements. 
Type GAF turbines are extremely 

· compact, multi-stage, axial-flow 
machines which are ideally suited 
for base load applicotionc where 
maximum efficiency is imperative. 

Terry maintains a worldwide sales and service organization. 
Experienced enginee~s are always available to help with ap
plication problems. Factory-trained service engineers are 
available to supervise installation and provide operator train
ing. And when parts, repairs, or overhaul are required the 
Terry PRO organization is ready to meet your needs through
out the world. 

Bulletin No. S-246 2/80 
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COPPUS 
COPPUS ' BLUE RIBBON PRODUCTS 

CATALOG 2500 

TURBINE GENERATOR SETS 
UPT02500KW 
Reliable continuous or standby Electric Power
Energy Saving Cogeneration 
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COPPUS TURBINE GENERATOR SETS 
-the reliable choice for continuous service
emergency power- cost-saving cogeneration. 

Coppus is the leading manufacturer of single-stage steam 
turbines in the 1/2 to 4000 HP range. The company offers the 
most complete line of ty~s and sizes, has the broadest appli
cation experience, and leads the industry in design advances. 

Today, thousands of Coppus Turbines and Turbine Genera
tors are providing cost-saving independence from utility
supplied power, cogeneration to reduce purchased power, 
as well as an economical source of emergency power . . In 
mAjnr refineries. petrochemical, manufacturing and process
ing plants, hospitals, commercial buildings and similar loca
tions whare pnwAr supply is critical. service-proven Coppus 
units assure the utmost in dependability. Their use is growing, 
particularly in areas where high electric rates underscore the 
substantial cost savings possible with turbine generator sets. 

• LOW INITIAL COST, 
ECONOMICAL OPERATION 

The straightforward design of Coppus Turbines provides a 
highly reliable, and uncomplicated prime mover for generators. 
Their initial cost in most cases is considerably less than diesels 
and other generator drives. Moreover, where high-pressure 
steam is available, operating efficiencies can provide tremen
dous additional savings over the years, particularly where low
pressure steam is used for heating or process work. That's 
because the operating cost of a back-pressure turbine 
depends solely on the amount of energy consumed while the 
steam is expanding through the turbine from high pressure to 
low pressure. Since the low-pressure steam retains most of its 
heat for other work, shaft horsepower is developed at a frac
tion of the operating cost of other prime movers. 

• LONG-LIVED DEPENDABILITY 
Coppus Turbines and Turbine Generators Sets are capable 

of operating for years in continuous service with little or no 
downtime for preventive maintenance or replacement of parts. 
Since turbines run on steam, compressed air, or gas, their 
operation is independent of electric power for starting or driv
ing generators. and they eliminate the problems associated 
with other types of drives-such as fUel tanks running dry, 
failure of auxiliary starting gear, or Wfilflk h::~nks nf hAttAries. In 
addition, turbine drives arc safe in hazardous atmospheres, 
minimizing the rial< of olootrio aparking and offering m;~Yim••m 
protection against explosion. 

BOILER TURBINE GENERATOR 

HEATER 

Typical Turbine Generator Set/Process Steam System 

• The Basic Coppus Turbine Generator Set 
The basic Coppus Turbine Generator Set consists of a Coppus single-stage turbine, 

directly connected through a flexible coupling or through a single-reduction gear box to a 
synchronous or induction generator, all mounted on a welded-steel base. The couplings 
between the turbine and generator are covered by a safety guard. Basic control packages 
are included for the various applicatiot1s as specified. 

2 
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COST SAVING APPLICATIONS 

• STANDBY/EMERGENCY POWER SUPPLY 
Coppus Turbine Generator Sets are ideal for providing 

emergency power for lights, utilities and essential equipment. 
In refineries and petrochemical plants, for example, a com
bination of mechanical turbine drive and a small generator 
providing power for electric instruments and essential services 
insures uninterrupted plant operation during electrical outages. 
Other applications include commercial buildings, schools and 
public facilities; and life-critical installations in hospitals where 
dependable electric power is an absolute necessity. In many 
cases, where turbine generators are required to start automati
cally after steam is admitted to the turbine, Coppus furnishes 
the entire automatic emergency power package including the 
automatic start-up valve, automatic transfer switch and any 
other accessories needed to meet individual specifications. 

Coppus Turbine Generator Sets provide power within sec
onds of main power source failure. 

Automatic or manually operated sets are available. In auto
matic start-up sets, loss of power signal opens automatic start
up valve and automatic transfer switch swings load from plant 
power system to turbine generator set. 

In manually operated sets, the . operator simply opens the 
block valve and closes the circuit breaker. 

PLANT 
ELECTRIC 
SYSTEM 

TURBINE GENERATOR 

Automatic transfer switch shown In solid line when Turbine Gen
erator Set Is furnishing power. Dotted line shows switch position 
when lurblne ~&nt~rlltor Sefls on standby. 

• PEAK SHAVING 

3 
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Very few plants have a constant electric power demand. 
Daily and seasonal swings are commonplace. In these situa
tions, demand charges are usually imposed by the utility over a 
12-month period based on the maximum peak demand. 

Where steam-generating capacity is available, Coppus syn
chronous or induction turbine generator sets are selected to 
reduce this demand charge. Known as "peak shaving", this 
reduction can be achieved by switching fixed loads to the tur
bine generator on an isolated line by means of a transfer 
switch. Or, where variable loads cause peak demand, the tur
bine generator set can simply operate in parallel with the utility 
through a tie-breaker system. 

Whether requirements call for manual control or completely 
automatic operation, Coppus offers a peak shaving system 
that will provide the simplest, most cost-effective solution. 

1000 

900 

800 

0 
~800 

DAILY Lat.O PROFILE 

POWER 8UI"I"LfCD 
BY ON SITE 

-COPPUS 400 kW 
TURBINE 
GENERATOR SET 

~500 
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~400 

200 

POWER 
SUPPUED 
BY 
UTILITY ---------, 

0 ~~~~~~~~~~4ll~~U+----
12 2 4 

MIDNIGHT 
6 8 10 12 2 4 
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Power supplied by Coppus 400 kW Generator Set, shown In blue 
shaded area, reduces demand charges from 900 kW to 500 kW. 

<.;ost ::iavlnQ Application$ continued on page 4 



•IN-PLANT COGENERATION OF 
ELECTRICAL POWER 

Cogeneration is simply the production of electricity or 
mechanical energy in conjunction with the production of heat 
used in a process ("topping cycle") or from the waste heat 
produced by a process ("bottoming cycle"). 

In the topping cycle, steam· is pressure-reduced through a 
turbine before being used for heating or process work. In the 
bottoming cycle, waste heat available as a by-product of a 
process is used to produce the steam that runs the turbine 
generator. 

In either case, cogeneration can provide electricity at a frac
tion of the cost of purchased power. 

HIGH PRESSURE STEAM 

CONTA('II 
VALVE 

su't~Lv-Q 
I L _ _ 

BACK PRESSURE 
SIGNAL 

LOW PRESSIJRF C::TFAM 

PLANT 
ELECTRICAL LUAU 

..... -
CONTROL ( 

PANEL • 

CIRCUIT I 
BREAKER 

OUTSIDE POWER 
SOIIR~F 

In this typical "topping cycle" cogeneration schematic, the 
turbine generator set operates in parallel with plant electrical 
system to reduce cost of purchased power. A simple back
pressure control maintains low-pressure steam flow to meet 
actual process demand. The turbine generator set produces 
kilowatts as a function of the demand for low-pressure 
steam and continuously optimizes the heat balance within 
the system. 

In "bottoming cycle" applications, heat produced by prime 
movers, kilns and furnaces is recovered to generate steam in a 
wa!rte heat boiler. This steam is used to operate a ·turbine 
generator set that produces kilowatts that can substantially 
reduce operating costs. 

Cogneration savings can be estimated using the chart in the 
next column. Enter chart at your kW cost on left. Proceed right 
to your kW potential. Enter chart at your steam cost on right. 
Proceed left to kW potential. Annual saving is the difference 
between these two points as shown in the example. 
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POTENTIAL SAVINGS ($1000's) 

Example based on: 8000 hr/yr operation; steam cost at $5/1000 
lbs.; electric cost at $.05 per kWh. Estimated potential savings 
$130,000 per year. 

• PRIME POWER SYSTEMS 
In many installations. Coppus Turbine Generator Sets can 

provide for most or all of the power needs of users. Known as 
"prime power systems", these installations are typically found 
in plants where waste fuel or waste heat may be available in 
sufficient quantities, or in places where outside power sources 
are unreliable or not readily accessible. 

Specially designed prime power Turbine Generator Set for outdoor 
installation includes totally enclosed fan-cooled generator, weather
proof panel for controls and circuit breaker, prqtective hood for 
NtllliP- n l!uK:hruuuus 11vv .. ,)o.-. 

WASTE 

BIOMASS 
BOILER TURBINE GENERATOR 

HEATING SYSTEM 

Waste fuel-bagasse, wood chips, peanut shells and other 
refuse-is used to fire boilers that produce steam to drive 
turbine generators. Such "free" fuel, combined with the econo
mies of cogeneration, justifies installation of complete waste
burning systems that meet total plant power demand. 
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CUSTOM ENGINEERED TURBINE GENERATOR 
SETS FOR SPECIAL APPLICATIONS 

• GAS EXPANDER TURBINE 
GENERATOR SETS 

In locations where high pressure or well head gas is 
available-such as oil production rigs, gas pipelines, gas 
platforrns-Coppus Gas Expander Turbines have been used 
to drive generators that provide critical electric power for navi
gational lights, communication systems, computerized con• 
trois and other essential equipment. 

This application-proven technology is now being applied to 
Coppus Oab ["IJ<~IIsiull TuriJiut:t Gt:trrt:trator Sets that provrae 
"free·: kilowatts wherever gas is being let down to a lower 
pressure. 

Typical Coppus Gas Expander Turbine Generator Set. 

• UNIQUE DUAL DRIVE TURBINE SERVES 
DUAL-PURPOSE APPLICATIONS 

Coppus' total turbine generator capability is exemplified by 
its double-ended shaft turbine which can drive two machines 
simultaneously. For example, one turbine · can protect both 
your forced draft fan and your boiler instruments from electric 
power failure by driving the fan from one end and a generator 
for instrument power from the other end. 
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• AC/DC TURBINE GENERATOR SETS 
In applications where both AC and DC power is required in 

plant operations, Coppus can supply packaged units with both 
AC and DC generators driven by a single Coppus turbine to 
provide emergency standby power. 

• COPPUS "NO BREAK" TURBINE-MOTOR
GENERATOR SETS 

There are many situations where it is mandatory to have 
reliable, continuous electric power available even though there 
is no demand for exhaust steam. A process-control computer 
and critical instrumentation systems are good examples. Cop
pus "no break" turbine-motor-generator sets are ideal for such 
applications. Such sets normally include a turbine with isochro
nous governor, fly wheel, double-ended shaft synchronous 
motor and generator mounted on a single base plate. In 
normal operation generator is driven by the synchronous mo
tor. In the event of power failure the fly wheel holds frequency 
output of the generator within acceptable limits during switch 
over to turbine drive. Isochronous governor on turbine holds 
the steady state frequency output of generator within 0.5% 
over the full load range. 
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M·AJOR COMPONENTS OF ENERGY COST SAVING 

RL Turbine 

... . 

RLH Turbine 

Typical Coppus Turbine Gear Reducer Set 
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• COPPUS RELIABILITY ENG!NEERED 
TURBINE DRIVERS 

Coppus offers the broadest range of energy-saving, single
stage turbines in the 1/2 to 4000 HP range. RL Turbines are. 
available in 10 sizes from 1/2 to 1000 HP for generator sets 
deliyering up to 650 kW. RLH Turbines are available in 3 sizes 
up to 4000 HP for generator sets delivering up to 2500 kW. 

With thin wido choice of turbine sizes and capat:"ili~o;. . 
l:Oppus can setet:r rnA most efficient, ecuuorui~.:e:ll Lhiver lvr 
l>Vnt::hrnnnll!:, annur.tu"'n nr Dl. IJAnArators required fur liiJI::I
cific applications. 

Engineered throughout to provide the utmost reliability, Cop
pus Turbine Generator Sets offer all the inherent advantages 
ot su'igle-stage steam turbine drives-low irtilie:ll wsl, low 
operating costs, speed flexibility and low maintenance. 

Typical Features 

• Shaft driven oil relay governors. 

• Horizontal and vertical split casings. 

• Automatic start-up capability. 

• Automatic shut-off capability. 

• Independent excess speed safety trip. 

• Hand speed changer. 

• Heavy flanged safety brake rim on RL's. 

• Long life. steel backed sleeve and anti-friction bearings. 

• Removable carbon ring sealing glands. 

• Unique ln-tur-trol, integrated turbine speed control system 
on RLH's. . 

• Rugged support systems. 

• Maximum capacity nozzles. 

• Removable steam strainer. 

• Rugged two row Curtis type wheel. 

• Large diameter stiff shaft for low-stress, high-speed operation. 

• COPPUS TURBINE G!EAA D~:VfS 
Turbines have a unique flexible speed capability-they are 

not limited to synchronous speeds. This feature offers the 
opportunity to select turbines with operating speeds that will 

. optimize their efficiency. To capitalize on this high efficiency 
opportunity in generator set applications, Coppus turbine gear 
drives can be used to match the generator's operating speed 
with turbines operating at their most cost-efficient speed. 

Construction features of Coppus Gear Sets assures the 
utmost in reliability. Rugged cast ~ron or fabricated steel hous
ing. Horizontally split desi~n provides easy access for inspec
tion and pre.ventive maintenance. Precision hobbed single or 
double helical Qearinq with precisely controlled tooth profile, 
spacing and r]Jnoul lor quiet, trouble-free operation. Options, 
depending on application, include splash or force feed lubrica
tion; anti-frirtinn nr c;IAAVA ,hf!Arinos. 
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. COPPUS TURBINE GENERATOR SETS 

• SYNCHRONOUS, INDUCTION and DC GENERATORS 

Synchronous Generators 
Synchronous generators are used for standby power, inde

pendent operation, power factor improvement, peak shaving 
and cogeneration. 

Coppus offers a broad range of synchronous turbine gener
ator sets up to 2500 kW. 

Typical Speclttcatlons 
Voltage: Up to 6,600 volts. 
rhaM: Gingle· or three.pha:!>e. 
Frequency: 50 or 60 liz. 
Insulation: t;lass t-. 
Enclosures: Open-drip-proof. Weatherproof. Totally enclosed 

and fan· cooled. Explosion proof. 
Vult.yv Avgulatlon: Standard static regulators w111 l<eep Volt-

age within ± 1%. 
Wave Form: Near sine wave perfection. 
Phase Balance: Held within 1% with balanced loads. 
Temperature Rise: 80"C above ambient for continuous opera-

tion and 1 05°C above ambient for standby applications. 
Bearings: Anti-friction or sleeve bearings depending on 

application. 
Excitation: Brushless, revolving exciter with static voltage 

regulator system. 

Induction Generators 
Induction generators are simply induction motors driven 

above synchronous speed to pwduce kilowatts. They are 
ideally suited for cogeneration and peak shaving where 
standby power is not required. Excitation is obtained from a 
synchronous power system. Induction generators operate in 
conjunction with a relatively large syncbronous power source. 

Coppus Induction Turbine Generator Sets are available in a 
broad range up to 2500 kW. They can, without sophisticated 
control gear, recover energy from systems where process 
steam demand may fluctuate a great deal during the operat
ing period. 

Typical Specifications 
Voltage: Up to 6,600 volts. 
Phase: Single- or three-phase. 
Frequency: 50 or 60 H7 
Insulation: Class B. 
Efficiency: 85% to 95%. 
Enclosures: Open-drip-proof. Weatherproof. Totally enclosed 

and fan cooled. Explosion proof. 
Excitation: The induction generator draws excitation from a 

synchronous power source. Voltage regulation, wave form 
and frequency match the characteristics of the synchronous 
source exactly without deviation. 

Bearings: Anti-friction or sleeve bearing depending on 
application. 

DC Generators 
Coppus DC Turbine Generator Sets can be supplied for 

applications involving battery charging, electroplating, cath
ode protection. 
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• TURBINE SPEED CONTROL GOVERNORS 
Generator frequency is directly proportional to turbine speed 

when the turbine generator set is operating independent of 
utility power. Therefore, the required frequency is maintained 
by controlling turbine speed with an oil relay governor driven 
from the turbine shaft. 

When the turbine generator set is operating in parallel with a 
large synchronous power source, change in turbine speed set
ting by the governor produces a change in turbine load 
because the frequency of the turbine generator set is "locked" 
into the frequency of the supplied power system. 

Three basic governors-NEMA A, NEMA D or Electric-are 
available to meet the requirements of any given application. 

NEMA SPEED-GOVERNING SYSTEM CLASSIFICATION 

Per Cent of Rated Speed 

Claaaof t----Maximum Maximum Maximum 
Governing Speed Speed Speed 

System *Regulation, ••variation, tRiae, 
P••· O.nt rerCont .t: P•• r.ant 

A 10 0.75 13 
B 6 0.50 7 

-c 4 0.25 7 

D 0.50 0.25 7 

• The change in speed when load Is changed !Jlldually from full load to no load 
at steady steam condi~ons 

•• Fluctuations in speed when operating under steady load and steam 
conditions. 

t The momentary increase in speed when load Is instantaneously dropped 
from full load to no load. 

• COPPUS RL GOVERNOR-NEMA A 
(WOODWARD TG 10) 

J7 

The Coppus RL governor is a simple, reliable and powerful 
oil relay governor for non-frequency-sensitive applications. 
NEMA A performance is guaranteed. Governor will actually 
perform well into NEMA B range. Frequency variation caused 
by r.hAnges in turbine speed from full load to no load will 
normally not exceed ::!: 2 Hz in non-parallel operation. This 
governor is suitable for automatic start-up operation. 

The Coppus RL oil relay governor has a manual speed set
ting screw for frequency control in non-parallel operation and 
for load control in parallel operation. 

• WOODWARD UG-8 or UG-40-NEMA D 

8 

wooawara NEMA 0 yuvt~IIIUI:> dltj ~:~yailable for frequency 
sensitive applications and where parallel operation or load 
sharing ·is required between turbine ·generator sets. Both gov
ernors can be used tor automatiC starr-up o~raliu11 . . 

UG-8 and UG-40 governors have a manual speed setting 
dial for frequency control in non-parallel applications and load 
control in parallel applications. A remote manually operated 
motor control is available to synchronize the turbine generator 
in parallel applications. A manual droop-setting dial controls 
load sharing for two or more sets operating in parallel. 

The UG-40 provides a higher operating force than the UG-8 
and is used for speed control on turbines having larger valve 
sizes and higher inlet pressures. 

• ELECTR!C GOVERr•!ORS 

Basic electric governor systems consisting of a hydraulic 
actuator and an electronic control provide NEMA D isochron
ous operation. They offer distinct advantages due to the flex
ibility of the electronic control component which will accept 
add-on elements to meet a wide range of application require
ments, such as: 
• Parallel operation between two or more TG sets. 
• Parallel operation with power grid. 
• Fully automatic synchronization. 
• Load sharing. 
• Import/export control. 
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STANDARD CONTROL PANELS 
Various standard control panels are furnished with Coppus Turbine 
Generator Sets. They are designed to meet the most commonly encountered 
application requirements, and each is factory pre-assembled and wired 
to provide the necessary control functions and instrumentation. 
Custom-engineered panels can also be furnished to meet special applications. 

• STANDARD CONTROL PANELS FOR 
AC SYNCHRONOUS GENERATOR SETS 

AUTOMATIC~ \Kll.TAGE 
REGULATOR YOLTAGE 

ADJUSTING 
RHEOSTAT 

FREQUENCY 
METER 

liOLTMETER AMMETER 

Basic NEMA 1 Panel Includes: 
• Automatic Voltage Regulator 
o Voltage Adjusting Rheostat 
o Voltmeter 
o Ammeter 
o Combination Selector Switch 
o Frequency Meter 
o Current and Potential Transformers 

For Manual Non-parallel Operation Add: 
0• Manually Operated Circuit Breaker 

For Automatic Standby Operation Add: 
o Automatic Transfer Switch 

For Manual Parallel Operation Add: 
o Shunt Trip Circuit Breaker 
o Two Synchronizing Lights and Switch 
o Reverse Power Relay-Lights and Reset 
o Automatic Voltage Regulator with Reactive Droop 

Compensation 

For Automatic Parallel Operation Add: 
o Shunt Trip Circuit Breaker 
o Synchroscope 
o Reverse Power Relay-Lights and Reset 
o Automatic Voltage Regulator with Reactive Droop 

Compensation 
o Permissive Relay 

· o 'Electric Governor 

• STANDARD CONTROL PANEL FOR 
INDUCTION GENERATOR SETS 

AMMETER 
MOTOR OPERATOR 

O~SED 
PUSH I PUSH 

BUTTON I BUTTON 

~~~~--~--~~--~~ 0 
.....__~ BUSBAR 

GENERATING 
LIGHT 

Basic NEMA 1 Panel Includes: 
o ACAmmeter 
o AC Voltmeter 

CIRCUIT 
BREAKER 

! Shunt Trip 3-Pole Circuit Breaker with Auxiliary Contact 
o Reverse Power Relay 
o Circuit Breaker Motor Operator with Open/Close Push Button 
o Pilot Lights to Monitor Generating or Motoririg Operation 
o Current and Potential Transformers · 

Coppus will supply control panels that meet local or utility 
codes when customers advise Coppus of the specific require
ments in their area. 

o Synchruni£ing Rttlily with Sj.~ttttd M~:~tchiny to Elttclric Guvemor 
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• TYPICAL SPECIFICAT~O~JS 
FOR TURBINE GENERATOR SETS 

The Prime Mover 
The prime moyer shall be a horizontal shaft, single-stage 

impulse steam turbine with a one-piece axial flow Curtis 
wheel. 

Turbine design shall include: oversized stiff shaft rotor as
sembly mounted between bearings, removable steam 
strainer, carbon rings removable without disturbing casing, 
independent emergency over-speed trip valve and shaft driven 
oil relay governor. 

Turbine shall be suitable for.automatic start-up. 
Casing shall be horizontally split with a rugged, keyed, 

centerline support system that allows for free expansion of 
the casing about the centerline and transmits piping forces 
directly to foundation without disturbing shaft alignment or 
vertically split with over-speed brake rim protection and a 
rugged foot-mounted support. 

Oil relay governor shall be NEMA 0 where isochronous 
operation is required; or, NEMA A where non-isochronous 
operation is acceptable. Selection shall be made based on 
allowable frequency variation. 

Journal bearings shall be sleeve type with oil ring or forced 
feed lubrication or anti-friction with oil ring lubrication. Thrust 
bearing shall be a heavy duty anti-friction bearing. 

The Generator for Synchronous Sets 
Synchronous generators shall be of the two-bearing, brush

less type with solid state exciter systems, automatic regulation 
within ± 1% of rated voltage, response time from no load to 
full load of 0.3 to 0.5 seconds. Insulation shall be Class F. 

Synchronous generator ratings shall be based on tempera
ture rise of sooc above ambient for continuous operation and 
1 osoc above ambient for standby service. 

Control panels for synchronous generators shall be generator 
mounted or free standing and shall contain, but not be limited 
to: voltage regulator, voltage adjusting rheostat, voltmeter, 
ammeter, voltmeter and ammeter phase selector switch and 
frequency meter. Appropriate NEMA panel enclosure shall be 
provided consistent with the area classification in which 
panel is to be installed. 

When specified, the necessary components for manual non
parallel, automatic standby, manual parallel and automatic par
allel operatiorrshall be provided. 

The Generator for Induction Sets 
Induction generators shall be of rugged cast iron construction 

with dynamically balanced rotor mounted between anti-friction 
or sleeve-type bearings. Insulation shall be Class B. 

Induction generator rating shall be based upon temperature 
rise of sooc above ambient. 

Control panels shall be . free standing and shall contain, but 
not be limited to: ammeter, voltmeter, shunt trip circuit breaker, 
reverse power relay with pilot lights to monitor generating or 
motoring operation. Appropriate NEMA panel enclosure shall 
be provided consistent with the area classification in wflich 
panel is to be installed. 
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The Turbine/Generator Coupling 
and Base Plate 

Turbine and generator shall be mounted on a one-piece, 
fabricated steel base plate with a gear-type •. forged steel, flexible 
coupling between the two units. Coupling assembly shall be 
protected with an enclosed steel guard. 

The Gear Drive 
Gear drive shall be supplied when turbine is to operate at 

speeds higher than generator speed. 
Gear drive shall be horizontal. Casing shall be rugged cast 

iron or fabricated steel. Gear bearings shall be anti-friction or 
sleeve type, with self contained lube system. 

• QUOTATION ~ ~~FORMATION 

Basic information required for selection and quotation of 
Coppus Turbine Generator Set includes: 
• Area classification. 
• Type of generator - synchronous, induction or DC 
• Type of Service - continuous or standby, automatic or 

manual operation, parallel or non-parallel. 
• kW (or available steam flow*), power factor, voltage, phase, 

and frequency. 
• Total plant electrical load-required for induction generator 

applications only. 
• Steam or gas conditions - inlet pressure, inlet temperature 

and exhaust pressure. 
*MaximLm kW wil be based on steam flow available. 

• ACCESSORIES 
A broad selection of readily available accessory equipment 

makes it easy to adapt Coppus Turbine Generator Sets to a 
variety of special installation and operating conditions. 

• ENGINEERING ASSISTANCE- V.'ORLDWIDL:: 
Turbine generator applications vary widely. In most cases, 

however, requirements can be met with standard Coppus 
Turbine Generator Sets- and your Coppus representative can 
give you sound, on-the-spot recommendations for a complete 
turbine generator system incorporating "off-the-shelf " compon
ents that meet your specific application needs. 

If your requirements are unique or unusual, Coppus offers 
engineering assistance that assures a turbine generator pack
age or system that will meet your specifications precisely. 

In addition, when you specify Coppus, our "Super Service 
Program" will help you keep maintenance costs and equipment 
downtime at a minimum. This comprehensive follow-up service 
includes . . . customized spare parts recommendations . . . 
parts interchangeability lists .. . maintenance training programs 
. . . fast, reliable parts replacement emergency service from 
factory inventories . . . and other valuable customer benefits 
designed to keep your equipment and processes in uninter
rupted operation. 

Coppus' engineering oriented Sales and Service .Represen
tatives are located in over 1 00 major cities worldwide. 
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. OVE~ALL TURBINE GENERATOR SET DIMENSIONS 
Dimensions are approximate and should not be used for construction purpo--lnchea In black, millimeters in blue. 

c I 

1 
I 
I 
I ____ ...J 

--, 
I_...J 

r w +E1 
TURBINES 

TURBINE A B c D w SIZE 

RL·12M 39.25 19.75 24.75 20.0 21 .75 
997 502 629 508 553 

RL·12L 39.25 19.75 24.75 22.0 21 .75 
997 502 629 559 553 

RL·16L 42.31 23.0 28.63 32.0 25.25 
1075 584 727 81 3 641 

RL·20L 42.31 23.38 32.0 32.0 28.75 
1075 594 813 813 730 

RL· 22L 47.88 30.0 34.5 44.0 33.0 
1216 762 876 1118 . 838 

RL·23L 47.88 30.0 34.5 44.0 33.0 
1216 762 876 1118 838 

RL·23E 56.25 30.5 33.5 44.0 33.0 
1429 775 851 1118 838 

RLH-19 55.0 36.0 37.0 44.0 33.0 
139 914 940 1118 838 

RLH-24 65.0 42.5 43.0 56.0 41 .0 
1651 1080 1092 1422 1041 

RLH-28 65.0 42.5 43.0 56.0 41 .0 
1651 1080 1092 1422 1041 

NOTE: Turbine selection depends on steam cond~ions. Consult your Coppus 
Turbine representative. 

GEAR REDUCERS FOR TURBINES 

kW G E 
ADD TO ADD TO 

GENERAlOR DIMENSIONS TURBINE DIMENSIONS 
SIZE RANGE "A"+ "X" AND. "D"AND"W" 

uB"+uyu 

200 to 400 26 7 
660 178 

400to 600 29 8 
737 203 

600to800 32 9 
813 229 

800 to 1000 33 10 
838 254 

1000 to 1500 39 11 
991 279 

1500 to 1800 45 14 
11 43 356 

1800 to 2500 50 16 
1270 406 

B 

11 

GENERATOR 

------~-----Y------~~ 

SYNCHRONOUS GENERATORS-480 V 3 ph 60 Hz 
DIRECT DRIVE WITH GEAR REDUCER 

2 POLE-3600 RPM 4 POLE-1800 RPM 
kW X y kW X y 

10 33 27 250. 56 44 
838 686 1422 1118 

25 39 33 300. 57 45 
991 838 1447 1143 

50 43 38 350. 63 51 
1092 965 1600 1295 

100 45 39 500• 66 54 
1143 991 1676 1372 

225 56 44 75o·· 76 64 
1422 1118 1930 1626 

4 POLE-1800 RPM 1000 .. 79 67 
2007 1702 

20 36 30 1500 .. 90 78 
914 762 2286 1981 

30 37 31 1800 .. 103 91 
940 787 2616 2311 

50 43 36 2500 .. 113 101 
1067 914 2870 2565 

75 46 40 • Gear reducer is a turbine effi-
1168 1016 ciency option 

53 47 ••Gear reducer must be used with 
150 1346 1194 these generators 

INDUCTION GENERATORS-DIRECT DRIVE 

480 V-3 ph-80 Hz 2300/4180 V-3 ph-60Hz 
kW X y kW X y 

30 25 19 350 48 36 
635 483 1219 914 

50 27 21 650 55 43 
686 533 1397 1092 

100 31 25 1000 68 56 
787 635 1727 1422 

250 40 28 1650 84 72 
1016 711 2134 1829 

450 48 36 2000 93 81 
1219 914 2362 2057 

650 55 43 2500 102 90 
1397 1092 2591 2286 

The dimensions in these tables are approximate and are 
intended to help you determine space requirements for a given 
turbine generator set. 

After turbine and generator have been selected, combine 
the dimensions given in the tables for the turbine and appro
priate generator; plus, those for the gear reducer when appli
cable. 
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Sales Offices and Service Centers around the world . 
UNITED STATES 
Alabama, Birmingham 

Joseph W. Eahalman & Co., Inc. 

Alaska 
Air Equlpmant Engineers, Inc. (Seattle) 

callfomla, Long Beach (L.A.) 
Pego Systems, Inc. 

California, San Leandro (S.F.) 
Far West Engineering Sales, Inc. 

Colorado, Englewood (Denver) 
Taylor Industrial Sales 

Connecticut, Rockville (Hartford) 
Cronln-Cook & Associates, Inc. 

Georgia, Atlanta 
Evans L. Shull & Aaaoca., Inc. 

Hawaii, Honolulu 
Arvak, Inc. 

Illinois, Chicago 
. Somes-Nick & Co., Inc. 

Indiana (Northam) 
Somes-Nick & Co., Inc. (Chicago) 

Indiana (South) 
Henry P. Thompson Co., (Cincinnati) 

Kentucky 
Henry P. Thompson Co., (Cincinnati) 

CANADA 
Alberta, calgary & Edmonton; British Columbia, 
Vancouver; Manitoba, Winnipeg; 

General Equipment Ltd. 

OVERSEAS 
South Africa, Johannesburg 

Blue Circle Ltd. -

Argentina, La Luella (Buenos Aires) 
RYGARG a.r.l. 

Australia & New Zealand 
Mechanical Handling Pty. Ltd. 
Granville (Sydney) 

.A.ustrl ... v""""" 
Oeaterraichische Premabarg 

Belgium, Lu•ambourg 
Patroprema, S.A., Brussels 

Bolivia, Ecuador, Peru 
APIN lnganleroa, Lima, Peru 

Brazil, Sao Pauio 
Tarnal , Llda. 

Brunei 
Coaatal Equipment (Singapore) Pvt. Ltd., 
Jurong, Singapore 

Bulgaria 
Oeaterralchischa Prernabarg (VIenna) 

Chile, Santiago 
carlos J. Ambor & Cia, Ltda. 

Colombia, Bogota 
Panamarican Engineering Ltda. 

Czechoslovakia 
Oeaterrelchischa Premabarg (Vienna) 

Denmark, Copenhagen 
Preban Pold 

England, London 
George Mailer L imited 

Finland, Halo in•• 
Oy lnaalkoAb 

Middle East 
Ahu 111\Ahi, Ahu 111\Abl 

Abu Ullabl UlllleiCI services Co., W.L.L. 

Arab Republic of Egypt, Cairo 
Dr. M. A. K. Mostafa, Engr. 

Bahrain, Manama 
Mohammad Jalal & Sons 

Cyprui , Nicosia 
Jupiter Electrical Ltd. 

Dubai 
M-Company 

Iran, Tehran 
Jord International Supply Co. Ltd. 

Catalog 250-D 2181 ·12M LP Printed in U.S.A. 

' . 

Louisiana: Baton Rouge, Lafayette, Metairie (New 
Orleans), Monroe, Shreveport 

John H. Carter Co., Inc. 

Maaaachuaatta 
Cronin-Cook & Aaaoclates, Inc. 
(Rockville/Hartford) 

M lchlgan, Novl (Detro h) 
Garratt Burgaaa, Inc. 

Minnesota, Minneapolis, Duluth, Hibbing 
W. P. & R. s . Mans Company (Biowens Only) 

Minnesota, Minneapollo 
Edelmann & Aaaoclates (Turbines & Bumans Only) 

Mlsoourl, Kansaa Chy 
Hughes Machinery Company 

Misoourl, Sl Louis 
Zauschal Equipment Company 

New York, E. Aurora (Buffalo) 
Heaaa Industrial Sales 

New York, Whhe Plains (N.Y.) 
Sappier, Boldt and Menah, Inc. 

North carolina, Charlotte 
Brown & Morrison 

North Dakota, Bismarck 
W.P. & R.S. Mans Co. (Biowans Only) 

Ohl6, Cinciilnati 
Henry P. Thompson Co. 

Saskatchewan, Saakatoon 
B. C. Gan«al Equipment Ltd. 

Franca, Lavalloia-Parrat Cedel< (Parla) 
lnterpac S.A. 

Germany (East) 
Oeaterralchlscha Prwnabarg (VIenna) 

Germany (West), Frankfurt/Main 
Pramatechnik, G.M.B.H. 

Graac:e, N. Smym~Athens 
Sercon 

Hungary 
Oeatarralchlscha Pramabarg (VIenna) 

India: Bombay, calcutta, Madras, 
NawDalhi 
Forbaa, Forbaa, Campbell & Co. Ltd. 

Indonesia: Republic of (Includes 
Sumatra, Java), Surabaya 

P. T. Omatraco 

Ireland 
Gaorga Maller Ltd. 
(England) 

Italy, Milano 
Ehal, S.R.L 

.lar-n, nuka 
Tokyo -1 Ltd. 

Korea, Republic of (South Korea) 
Kumnam Corp. 

Malaysia 
Coaatal Equipment (Singapore) Pvt. Ltd., 
Jurong, Singapore 

Ma•lco, Monterrey, Nuevo Leon 
Schultz Del Norte, S.A. 

Ma•lco, Naucalpan Edo da Ma•lco. 
Schultz Y Cia, S.A. 

Ma•lco, 1, D.F. 
pro~• &7tll"t•r•r•. ~ .& 
(sugar Industry only) 

Iraq, Baghdad 
Bechlr J. Adladl 

Jordan, Amman 
Industrial Supplies Bureau 

Kuwait . 
The Trading & Industrial Equip. Co. 

Libya, Tripoli 
Eital, S.R.L 

Malta, Valletta 
Gray MacKenzie Mediterranean Ltd. 

Oman, Ruwi 
Oman United A!I'""'IM UC 

Ohio, Cleveland 
E. F. Taylor Company, Inc. 

Oklahoma, Tulsa 
Engineering Sales Company 

Oregon, Port land 
R & T Factors, Inc. 

Pennsylvania, Lafayette Hill (Phlla.) 
Edwin Elliot & Company 

Pennsylvania, Pittsburgh 
PCF Sales Corporation 

Tennessee, Memphis 
Van Brocklln & Associates, Inc. 

Te•as, Dallas 
Hudson-Rush Company 

T ••as, Houston 
Werlls & Company 

Te•as, Midland 
R. G. Brice Company 

Utah, Sah Lake Chy 
Nortt>-Monaan Company 

Virginia, Midlothian (Richmond) 
D. W. Larcen & Company 

Washington, Seattle 
Air Equipment Engineens, Inc. 

Weal Virginia, Gharlea1on 
PCF Sales Corporation 

Ontario, Don Milia (Toronto) & Quabac, Montreal; 
Maritima Provinces 

Affiliated Engineering Equipment Ltd. 

Nathartands, Amsterdam 
Gevake, Werktulgbouw, N.V. 

Nigeria Port Harcourt 
candl• Engineering 
(Nig., ia) LTD 

Philippines, Metro Manila 
Garnco Machinery Co., Inc. 

Poland 
Oeaterralchischa Premabarg (VIenna) 

Portugal 
Pramatecnlca, S.A., (Madrid, Spain) 

l'tiaito HICo, DominiCan Republic, 
VIrgin Islands 
J. A. Mara, Inc., San Juan 

Rumania 
Oeaterralchlscha Premabarg (VIenna) 

Ruula 
Oeaterraichlscha Premabarg (VIenna) 

Scotland 
GeOrge Meller Ltd., LondOn 

Singapore 
Coaatal Equipment (Singapore) Pvt. Ltd., 
Jurong, Singaporo 

$parn,l.anary 1111nd, Majorca 
Pramatecnlca, S.A., Madrid 

Swaden, Solna 
AB E Bohllna Maaklnar 

Switzerland, Slackbom 
Martin Scheerla AG 

Taiwan, T apai 
Tal Fung Trading Co., Ltd. 

Thailand, Bangkok 
Baril Juck6r Cc. Ltd. 

Ven.zu•••. &1'\•hf. TrlnkiAI1 
caracas, Venezuela 
Cantac, C.A. 

Yugoalavlo 
Oeaterrelchlscha Premabarg (Vienna) 

P-Ie's Democratic Republic of 
Yemen, "clan 

Nalivu•l Cc. luo FOoeigol Trade 

Qatar, Doha 
AI Ahad Trading & Contracting Co. 

Saudi Arabia, A~Khobar, Riyadh, Jaddah 
Fahd Aitobaishi & Company 

Syrian Arab Republic, Damascus 
Abdulkarlm Dlb 

Turkay, Istanbul 
Birgi·Toros Ltd. 

Yemen Arab Republic, Sana's 
Shihab Insurance & Trading Agenc~ 
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CDPPUS ENGINEERING CORPORATION 
344 Park Avenue, Worcester, Massachusetts 01610 U.S.A .. 

Branch I 
Offices 
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Kentube BETROlVIISEB.® Fuel Economizer · 

Beduces fuel costs by reducing fuel consumption 
The Kentube Division of Tranter, inc. is the world 's leading producer of finned tubing, fuel 
economizers, convection sections, and related heat recovery equipment for use in key 
industries where energy use and heat transfer are of prime concern. 
Kentube has achieved unsurpassed capability in designing and supplying products that allow 
optimum use of available energy. A prime example of this capability is demonstrated by the 
pre-eminent position achieved by Kentube as the designer and producer of economizers for 
electric utility and industrial boilers. 
The RETROMISER Fuel Economizer reduces fuel consumption by recovering heat from hot 
flue gases and transferring that heat to the boiler feedwater. In addition, the higher temperature 
teedwater entering the boiler allows the boiler to quickly respond to rapid load changes. 
By reducing the fuel-firing rate for any given steam output. the NOx emissions are reduced. In 
the process, by lowering the temperature of the flue gases going up the stack, thermal 
pollution is also reduced. 
If finding a way to lower operating costs is a problem, RETROMISER is the key. If thermal 
pollution is a concern, or if fuel supplies need to be stretched, again RETROMISER meets the 
need. Not only does the RETROMISER provide answers to these problems, it guarantees the 
solutions will exactly meet your requirements and specifications. 

Performance is guaranteed 

All RETROMISER Fuel Economizers are custom-designed by modem computer tech
niques, thus enablinll; Kentube to examine multiple solutioll~ to determine the nptimllTTl 
unit design for your specific needs. Each unit is guaranteed to meet individual performance 
specifications. 

The Kentube Division of Tranter, inc. can make this guarantee because the RETROMISER 
Fuel Economizer incorporates the best possible engineering with performance-verified 
components and because it is a product manufactured under the industry 's most rigid quality 
control and testing standards. 

A size and type for your specific boiler requirements 
Kentube manufactures retrofit fuel economizers in a range of sizes and types to meet the 
requirements ot most watertube and firetube boilers. In fact , the Kentube cylindrical 
RETROMISER Fuel Economizer can be installed on boilers as small as 60 HP (2,000 lbs. of 
steam/hour). In addition . the cylindrical RETROMISER offers a nu·mber of other important 
advantages, including: 

·Low installation cost -stack transitions not normally required 
• Built-in maintenance-free sootblower 
• Compact size for easy installation in confined boiler room areas 
• Proven design 
• Fast delivery 

After determining your requirements, Kentube will recommend the specific economizer 
-whether cylindrical or rectangular- to meet your precise needs, based on such factors 
as your individual boiler characteristics, installation requirements, payback and other 

2 pertinent data. 
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BETROMISER® 
Fuel Economizer 
Design Characteristics 
A hot structure design which consists of a heavy 
framework and fabricated tube supports. Wear caused by 
thermal expansion occurs only on the fin tips and not on a 
pressure part. Most important, the unique design promotes 
the flow of hot qa$ ~Gross all internal oarts to minimize 
corrosion, 

A finned tube heat exchanger providing the 
required amount of heating surface with the best 
possible heat transfer characteristics in the smallest 
practical space . Kentube 's finned tubing has 
approximately 8 to 1 2 times the heat transfer 
capacity of bare tubing of the same diameter. 
Kentube ·s solid finned tubing is of the non
interrupted. spirally wound type which is continu
ously welded to the tube by high frequency 
resistance welding . This provides the optimum in 
strength and heat transfer efficiency. 

A pressure vessel designed and constructed in 
accordance with the requirements of ASME Code 
Section I for power boilers. Each unit is 
hydrostatically tested, inspected . stamped and 
narneplated with !he required ASME statutory 
information . 

A feedwater line with low resistance to the flow of 
water. Inlet and outlet headers are of at least 
Schedule 40 carbon steel pipe with water 
connections being a minimum 300-lb . ASA raised
face , weld-neck flanges . The standard, self-draining 
design of the ncTnOMI!JCR F ut:l E COIIU/IIiLt11 dlluw::> 
outdoor installation where desired. 

A combustion flue having a gas-tight inner casing 
of carbon steel with at least 2" thick , mineral block 
insulation and a weather resistant outer casing of 
corrugated , galvanized carbon steel. RETROMISER 
Fuel Economizers can be designed for gas-side 
pressure drops of 74 I I water column or less so that 
existing fans can almost always be used without 
change. 

Cylindrical 

Latticework tube supports on rectangular 
RETROMISER unit 

Rectangular 
Kentube Finned Tubing 

Built in accordance with ASME boiler 
and pressure vessel code 

Cylindrical 

Rectangular 
Cross section of RETROMISER wall 

A heat accumulator wtth the ability to store heat by 
virtue of weight of metal and water contained in the 
unit. During low steam demand periods. tempera
ture of metal and water will rise as much as 30°F 
above AVfWlQf! . The excess heat will bP. rlAiivArRd to 
the boiler as demand increases . This accumulator 
flywheel effect causes the RETROMISER to continu
ously and automatically take heat from the valleys of 
demand and put it into the peaks. The heat 
accumulator effect allows the boiler to operate more 
steadily and more efficiently. 

~_!i~ BOILEA1-----------::=----=---

PEAK LOAD --------7""::::......-=--+--___;~-
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RESPONSE TIME 
WITHOUT AETAOMISEA 

1 FUEL !;CONOMIZEft 
RESPONSE m~E 
'Ntn1 AETAOMIStH 
FUEL ECONOMIZER 

'!' IME ----.. 

Heat Ar.r.umniMnr " Flywheel" Effect 
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The Economic Advantages of 
a BETROMISER® Fuel Economizer 
There are two basic economic reasons for installing a Kentube 
RETROMISER Fuel Economizer on your steam generating boiler: 

IT SAVES MONEY - The fuel savings give an attractive return on 
investment. 

IT SAVES FUEL - In view of dwindling energy supplies and curtail
ments. it becomes a necessity to conserve fuel. 

The laryt:H tl"le RETROMISCR ruel Economizer. the greater the fuel savings. 
The sizing of any economizer. however. is subject to the law of diminishing 
returns. Thus. the larger the unit for a given application. the longer the 
paybat:k ~.>eriuu . Fur tl"lis r"eason, a balance must be ::.ought betwoon 
maximum fuel savings and the quickest return on investment. 

This balance is obtained by the computer optimization program developed 
and used by Kentube to match the proper size RETROMISER Fuel 
Economizer to the specifications and requirements of each particular 
application . 

Once the dollar value of fuel to be saved by a RETROMISER has been 
determined, an investment evaluation should be made. There are several 
facts to consider in such an evaluation : 

• A most important point to consider is that the RETROMISER fuel 
Economizer will continue to earn dividends long after the unit has paid for 
itself. 

• Capital costs will ordinarily be repaid within one to two year'$ , but the 
savings achieved by the RETROMISER Fuel Economizer will continue to 
accrue as long as the unit is in operation . Future fuel prices should be 
consirlArArl when calculating long-term savinqs: it is likely your unit will 
become more valuable in terms of fuel savings as the years go by and 
fuel prices continue to increase. 

• Any investment tax credits available from the federal government. as well 
as from state and local governments, should be included in your 
evaluation to offset your tax liability. · 

•The value of the RETROMISER Fuel Economizer need not always be 
measured in terms of fuel saved . The unit will also allow an increase in 
the total amount of steam generated without int:reasing fuel costs. 

Kentube RETROMISER Fuel Economizers are operating today throughout 
the world in an ever-widenmg vanety at irtdUstrial and Institutional 
applications. ~aviny each user thousands of dollars annunlly by putting 
potentially wasted energy back to work. We 'd like to put these economic 
advantages to work for you. 
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How The BETRoMISER® Fuel Economizer 
Can Make The Difference 

WITHOUT RETROMISER FUEL ECONOMIZER 

{

70,000 p.p.h. Sat. Steam 
Total Heat @ 250 psig 
70.640,000 70.000 D.ll.h 

t:ltU/ Ht. Foedwater 
3,000 p.p.h. Blowoff @ 220°F 

107,000 p.p.h. 
Flue Gas @ soo• F 

Firing 
~B Fuel Oil '-------~ 

Annual Fuel Cost based on 6,000 Hr./Yr. operation at 70% average load and fuel at 60¢/Gal. is $2,266,880 

WITH RETROMISER FUEL ECONOMIZER 

-Flue Gas@ 3so• F 

Firing 
ll6 Fuel Oil '--------{ 

Fuel saved with Retromiser Fuel Economizer 
5,354,825 X 100 _ 7 5 o/c 

70,840,000 - ' 0 

REDUCTION IN ANNUAL FUEL COST based on 6,000 Hr./Yr. operation at 70% average load and fuel at 60¢/ Gal. is $1 70,016 

The illustration above depicts the operating characteris
tics of a typical steam generating boiler. By contrast, the 
illustration below shows the same boiler system using a 
RETROMISER . The resultant advantages are obvious. 
Less fuel is consumed, operating costs are reduced and 
the temperature of gases escaping into the atmosphere 
is significantly decreased . Payback of equipment. exclu
sive of installation costs. can be less than 3 months. 

Average Load = 70.000 p.p.h. 
FUEL S~'!INGS Firing = #6 Fuel Oil at 60¢/Gal. 

Hours of Operation = 6,000 Hrs./Yr. 

Before After 

Annual Fuel Bill $2,266,88( $2 ,096,864 
Annual Fuel Saved -0- $170,016 
%Fuel Saved -0- 7.5% 

Approx. InStalled Cost = StiU.UUU Payback - Lasi tlian 5 months 
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Kentube Finned Tubing 

The Efficient Choice In 
Heat Transfer Surfaces 

While there are several types of 
extended surfaces available today, 
Kentube uses only high frequency, 
resistance welded finned tubing as the 
tH:lallra.nsfer suriace in the 
RETROMISER Fuel Economizer. 
Kentube 's finned tubing is the most 
effi<..;ierll fir1 lYIJI::l dVdildble. 

Kentube finned tubing's continuously 
welded, helrcally wound fin promotes 
excellent thermal performance and 
assures uniform fin-to-tube contact for 
,-, .a.ximum heat transfer. Its high 
frequency, resista'nce welding 
eliminates gaps in the heat flow which 
often occur when footed , spot-welded 
orocedures are used . 

By fusing a steel fin to a steel tube by 
high frequency , resistance welding, the 
resultinq bond is of the same 
metallurqy as the fin and tube. Certain 
other attachment methods, such as 
brazing , often use nickel base alloys as 
the brazing material. This results in 
different thermal expansion rates due to 
dissimilar metals and imposes an 
interface, which impairs heat transfer 
from fin to tube . 

Perhaps more importantly, both spot 
welded and brazed attachment 
methods have a very real potential for 
separation of the fin from the tube with 
soot build-up, acid corrosion , a 
significant reduction in heat transfer 
ettic1ency and the resultmg rncreaseo 
rrraintenance. 

Soot build-up also occurs on serrated 
finned tubing. The serrations, or 
periodic slits in the fins. readily 
accumulate soot and make cleaning 
extremely difficult. Soot build-up can 
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entrap moisture which , when 
combined wrth sulfur oxides in the flue 
gas . will inevitably cause corrosion . 

For thesereasons, Kentube uses only 
smooth , solid finned tubing in the 
RETROMISER Fuel Economizer to 
resist the fouling action of soot in the 
flue gas stream . 

Kentube Finned Tubing 
vs. Bare Tubing 

The choice of Kentube finned tubing 
over bare tubing is clear-cut. Kentube 
finned tubing has approximately 8 to 12 
t1mes more heating surface than a bare 
tube of the same diameter. Therefore , a 
Kentube RETROMISER Fuel 
Economizer requires less tubing for 
a given capacity than a bare tube 
economizer. The following is a summary 
of the outstanding advantages of 
Kentube finned tubing as a heat 
transfer surface when compared 
to bare surface tubing: 

1. Lower pressure drop on liquid side 
2. Lower pressure drop on gas side 
3. Less space rcquirod fnr AfliJiv:=JIAnt 

amounts of heat transfer surface 
area 

4. Greater resistance to fouling 
5. Greater resistance to loss of 

performance 
6. Less weight for equivalent 

amounts of heat transfer surface 
7. Lower cost for equivalent amounts 

of heat transfer surface 
8. Long life 

It is easy to see. Engineered precisely 
to match each application 's particular 
requirements in tube diameter, fin size 
and pitch , Kentube finned tubing is the 
best heat transfer surface available for 
fuel economizer applications. 



Helically wound. continuous high frequency, resistance welded steel finned tubing utilized as the heat transfer 
surface in RETROMISER Fuel Economizers assures uniform fin-to-tube contact for maximum heat transfer 

Examples of Typical Finned Tubing 

48 fins per ft . x .075" thick, .on;" high -
2" 0 .0 . tube, for use with #2 fuel oil, or 
combination of #2 fuel oil and natural gas 

361ins per ft. X .075" thick •. 875" h1gn-
2" O.D. tube, for use with heavy fuel oil 
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24 fins per ft. x .105" thick . . 750" high-
2" 0 .0 . tube, for use with solid fuels, in
cluding coal and wood 
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Typical RETROMISER Installations 

Cylindrical RETROMISER installed at a rubber prOducts 
manuiacturinQ company where it achieves fuel savings of 
5.6% 

Cylindrical RETROMISER at a cnemicat processing plant 
providing annual fuel savings of 7.6% 

'v1uttl·unlt RETROMISER installation en bo1ters firing natural 
gas at 'nstitutionat comotex prov1des annual savings of 
7 .2°~ 
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Cleaning the 
BETROMISER® 
Fuel Economizer 
Kentube has given careful consideration to the 
cleaninq mechanics of the RETROMISER Fuel 
Economizer. Fin configuration and tu be 
RrrRnQP.ment are critical in this process. 

The principal concern is the proper selection 
of fin height. pitch and thickness. For example. 
thick. widely spaced. short fins are ordinarily 
used for dirty fuel applications such as coal or 
wood . More closely spaced fins are normally 
specified for use with fuels such as natural 
gas. oil. or a combination of the two . 

Proper selection of the fin configuration. based 
011 ltte uirtiest fuel being fired. is the first step in 
assuring maximum heat transfer efficiency. 

By designing each unit with a square tube 
pitch arrangement. sootblowers can be 
located in a posttion transverse to the tubes lo 
permit lane blowing. (See diagrams on facing 
page.) The nozzles are aligned with the tube 
lanes so the sootblower can be located near 
the tube bank wtthout concern fo.r erosion 
caused by steam impingement on the tubes. 

Lane blowing and proper fin spacing, coupled 
wtth a square-tube pitch arrangemertl wl-tiGh 
allows the steam or air to reactl every tube in 
thP. htmdle. results in the most effective means 
ot matntatntng clean tube surfaces. 

f'eriodic inspection of the tubes wtll help 
to dotermtne the requirpri frf-'IJttHrH:y 11f 

sootblowlng. AS a generalt ule. suull.Jiuwi t"tQ 
should occur often enough to maintain high 
operating effic iency which can be moni tored 
by the exit water temperature. 

RETROMISER installation at pharmaceutical company, 
retrofitted on a boiler firing natural gas and #2 fuel oil, 
acnieves annual savings of 5.79% 



' 
' ' " 

Method of BETROMISER® 
Fuel Economizer Sootblowing 

LANE BLOWING -The Proper Method 
Square tube pitch allows lane blowing. Nozzles are aligned with tube lanes so the element can be 
located next to tube bank. thus allowing the steam to reach and clean each tube in the economizer. The 
method illustrated above for rectangular RETROMISER Fuel Economizers is also utilized in cylindrical 
RETROMISER models. 

SOOTBLOWER ----

MASS BLOWING - Not Accepted Method 
Triangular tube pitch requires mass blowing. No attempt can be made to direct blowing medium 
down each tube lane. This method is significantly less effective than the clean ing obtained with 
square pitch lane blowing for a given blowing radius. Blower nozzles for mass blowing are wide 
angle producing lower velocities and. accordingly less penetration into the tube bundle. 
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The BETB.OMISER® Fuel Economize~. : 

Feedwater Preheat System* 
When analyzing requirements for installation of 
an economizer, there are two important criteria 
that must be considered: (1) the sulfur content of 
the fuel being burned ; and (2) the temperature of 
the feed water at the inlet of the fuel economizer 
or heat recovery device. If the temperature of the 
inlet feedwater is not maintained at proper levels. 
certain by-products of the fuel being burned have 
the potential to cause low temperature corrosion. 

The Corrosive By-Products 
of Combustion 
If sulfur is present in the fuel, it will combine with 
oxygen to form sulfur dioxide CS02) and sulfur 
trioxide CS03 ). It is presence ot these sulfur 
oxides in the flue gas that represents the largest 
potential cause of corrosion. Sulfur dioxide. for 
example . will dissolve in any free moisture that 
may be present in the flue gas to form sulfurous 
acid CH2S03) - a powerful corrosive. 
Depending on the sulfur content of the fuel , the 
amount of excess air in combustion and the 
flame temperature. approximately one to two 
percent of the sulfur dioxide is further oxidized 
into sulfur trioxide . When combined with 
superheated water vapor, sulfur trioxide forms 
sulfuric acid vapor (H2S04). 

Inlet li'eedwater Temperature 
vs. Corrosion Potential 
Condensation of acid vapors from the flue gas 
is the result of the tlue gas contacting the metal 
heating surfaces in the heat recovery unit. The 
temperature of the flue gas in contact with these 
surfaces will be virtually the same as the temper
ature of the metal. The metal temperatures, in 
turn. will be within a few deqrees of the feedwater 
temperature flowing through the tubing . 
It is the temperature of the metal surfaces 
of the finned tubing, not the average 
temperature of the flue gas as it exits from 
the economizer, that determines whether or 
not corrosive acids will condense out of the 
gas as It passes through the economizer. 
Based on this. Kentube has established 
minimum recommended feedwater 
temperatures for feedwater entering t~1e 
RETROMISER Fuel Economizer. 
When sulfur dioxide CS02J gases pass through the 
economizer. the m1nimum feedwater temperatures 
indicated will maintain the heating surfaces well 
above the water dew point and eliminate the 
possibility of sulfurous acid CH2S03) corrosion . 

:o *Patent No. 4.173.949 

As far as sulfur trioxide (S03) gases and sulfuric 
acid (H2S04) formation is concerned. research 
studies indicate that relatively little condensation 
takes place at the acid dew point. In fact. 
maximum condensation does not occur until 
temperatures are approximately 80-1 00°F below 
·the acid dew point. Additionally , less than 2% of 
the sulfur dioxide in the flue gas is converted to 
sulfur trioxide. Therefore. only minimal amounts 
of sulfuric acid will condense on the heating 
surfaces at temperatures between the 
recommended feedwater temperature level 
and the acid dew point. 

Proof by Experience 
Tl1~ l..:UIIl..:~IJl uf acid corrosion on boiler 
economizers being determined by the adequacy 
of the feedwater temperature is not new to the 
boiler industry. As long ago as 1951 , a major 
boiler manufacturer made the following 
comments: 
"Corrosion is due, not so much to the 
temperature of the combustion gas. as it is to the 
temperature of the water passing through the 
tubes which produce the condensation of sulfur 
dioxide and thus corrosion . 
"This contention is confirmed by the fact 
that external economizer tube corrosion is 
being experienced with installation where the 
~l..:UIIUIIIiL~r i::. IJictCe(J alle<'ld of an air hentcr and 
where the economizer exit gas temperature is 
over 500°F. but where. at the same time. the 
temperature of the feedwater entering the 
economizer is in the neighborhood of 200°F ." 

- - ~ c:o ---=-=-------- - -- -

~~ ... :~ . ·.:... ... -,<~: ~?'.:~~~~--:~~:~;~~·-y:::::~l~?;~~!-!!.,~.:'}~~ .... :· .. ,;3 
-- - - -~---~ ~-· .... _ 

The temperature of the tube wall in contact w1th the flue gas 1s more nearly that of the 
feeowater than the bulk flue gas. This 1s oue to the greater resistance to heat transfer on 
the gas s10e [gas filmlthan the water side I water film1. It is this tube wall temperature. 
ana therefore the feeowater mlet temperature. that w111 determine if col!l·en!l corrosion 
w111 occur. 
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Corrosion Control 

It is important to maintain the correct teedwater 
temperature to ensure maximum heat tra nsfer 
and minimum corrosion . This can be achieved 
with the Ken tube Feedwater Preheat System . 

The Kentube Feedwater Preheat System 
provides the flexibility to accommodate a variety 
of fuels . both high sulfur and low sulfur . always · 
maintaining the correct feedwater temperature 
level for trouble-tree . efficient heat transfer. 

As you increase the feedwater temperature 
mto the economizer. you are realizing a greater 
marg1n of safety against cold-end corrosion. As 
you decrease the teedwater temperature into the 
economizer. which would be allowable with 
lower su lfur fuels . you are realizing greater heat 
transfer by a larger gas/water temperature 
differential (LMTD J. which is the driving force 
behind heat transfer . 

The preheating medium is steam - the flow 
of which is regu lated by a temperature control 
valve . This valve is controlled by the temperature 
1n the feedwater line downstream from the 
preheater (see Figure 1 ). When the control va lve 
is set for the desired feed water temperature . that 
temperature will be maintained at all rates of flow 
(see Figure 2). 

Proper feedwater temperature is the solution to 
the problem of cold-end corros1on . The same 
concept of feed water preheat can help solve 

TEMPERATURE 
CONTROL 

D.--STACK 

(

VALVES FEEDWATER 
FROM 

STEAM --L-·--"P-RE~H

1
EATE

7
R.. ~~::~=:TING 

LINE 
FROM 

~'"' ~ 

FEEDWATER ---~...!...---+---.-J 
TO 
RETRUMI:;"H 
FUEL 
ECONOMIZER 

CONDENSATE 
....._ _ ____,_ TO 

KENTUBE DEAERATOR 

FEEOWATER PREHEAT SYSTEM 
FOR TOTAL CORROSION CONTROL 

Fig. 1 

the problem of stack corrosion . It the steam 
demands are such that you have occasion to 
operate at very low firing rates tor extended 
periods of time . th is could result in low flue gas 
temperatures from the economizer. Although 
the economizer itself is protected by adequate 
feedwater temperature . the stack may be 
susceptible to ac id corrosion . 

A second temperature regulating valve . 
controlled by the economizer flue gas exit 
temperature . can be incorporated into the 
system (see Figure 1 J When steam demand is 
very low. this second controller will override the 
feedwater temperature regulator increasing 
the feedwater temperature By reduc ing the 
gas/water temperature differential . the exit flue 
gas temperature is maintained at the level set on 
this second temperature controller . This is total 
corrosion control. The system requires no 
utilities to operate . eliminating the need tor 
condu it or pneumatic tubing . 
The patented Kentube Feedwater Preheat 
System . incorporated into an econom1zer 
package . not on ly maxi m izes effi c iency and 
performance . but min imizes ris k. 

For a detai led discussion of the causes of 
corrosion . refer to Bul letin KFPS-1. ·Kentube 
Feedwater Preheat Systems for Controll ing 
Corrosion on Boi ler Economizers ... 
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Kentube BEDOMISEB 
Fuel Economizer 
Accessories 

All cylindrical RETROMISER Fuel Economizers are 
equipped with built-in sootblowers. In addition, the following 
accessory components are available from Kentube for use 

.. ' 

with the cylindrical RETROMISER Fuel Economizer: J ~ 

1. Structural support kit, a framework of structural steel 
containing all the necessary structural steel elements 
for the supporting framework. 

2. Feedwater control kit. includes a column-mounted, 
nronortioninQ-tvoe feedwater pump controller: a 
motorized feedwater regulating valve: and a back
nressure regulator to ensure a continuous feed
water flow to the Cylindrical RETROMISER Fuel 
Economizer. 

3. Thermometer connections, installed on the feedwater 
headers. 

4. sa·fety valve connection, installed on the feedwater 
header. 

Bectangular 
Kentube auxiliary components available for use with the 
rectangular RETROMISER Fuel Economizer include: 

1. Wall box and distal bearing for sootblower, installed by 
Ken tube. 

2. Manually operated. rotary sootblower, shipped sepa
rately with unit. 

3. Access manway in casing, approximately 16" square. 
carbon steel construction. installed by Kentube. 

4. Thermometer connections, installed on the feedwater 
headers. 

5. Snfety valve connection, installed on the feedwater 
header. 

For further information, contact: 

I Kentube I 
4150 South Elwood Avenue. Tulsa. Oklahoma 74107 
918/44&4561 Tel~: 49-2353 

division of 
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