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FOREWORD

These ﬁrpceedings document presentations inen at the International

- Conference on European Waste-to-Energy Technology held October 29-31, 1980,
in'Restbn, Virginia. The conference, sponsored by the U.S. Department of

’ Ehergy_(DOE) and the U.S. Environmental Protection.AgenCyA(EPA), provided
major European designers of waste-to-energy systems with the opportunity

to share their technology with an interested American audience.

-Managers of Eurbpean community waste-to-energy plants described their
plants and discussed their planning and implementation problems, including
site selection, construction, and other operating experiences.. In addition,
the results of extensive studies made_by the DOE and EPA on European waste-
to-energy effort; were presented.

The confereﬁce concluded with a panel discussion that included repre- |
sentatives from the European systems, the DOE, and the EPA.. As well as pro-
viding a summary of the informétion presented, the panel discussion facili-
tated an informative interchange between those~at£ending aﬁd the speakers.
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'_'EU‘ROPEAN AND AMERICAN EXPERIENCES - A POINT OF VIEW."*

Henri-Claude Bailly

- Hagler, Bailly & Company
Washington, D.C. 20006, U.S.A.

I hope to convince you today that infernatipnal coopgration an& exchanges
dealing with rubbish are worthwhile! Mucﬁ has been written, and much more
has been said, é'boult the - fact that Europeans are far ahead of their
American counterparts in the recovery of energy through the combustion of
municipal solid waste. While there were 23 waste-to-energy-systems

operating in the United States in 1979™* (Exhibit 1), more than 180 plants

-

* The author, President of Hagler, Bailly & Company, wishes to express
appreciation to the numerous individuals and organizations who provided
helpful information, advice, and comment. The following are owed special
thanks: Donald K. Walter and Charlotte Rines of the U.S. Department of
Energy who, over -the past 3 years, have sponsored the study of the.
European experience; Phillippe Delmas of the French Ecole Nationale
d'Administration; Francoise Paublant of RPA SA (Paris); Phillippe Mondan,
formerly with RPA SA; and Jean-Louis Poirier and Gerald Schwinn of
"Hagler, Bailly & Company.

**According to a national survey by EPAl there were 23 operating
waste-to-energy systems in the United States in 1979 with the capacity
to process nearly 15,000 tons of municipal solid waste (MSW) per day. By

~ adding the number of current operating units and those under construction,
and assuming the completion of all planned units with a project starting
date, we can project the operation by 1983 of a total of 51 systems
processing 46,500 tons of MSW/day. An additional four planned units that
have no firm starting date will be able to process an additional 5,600 tons
of MSW/day. ' :

1979 23 units - 14,413 tons MSW/day
11983 51 units 46,524 tons MSW/day
1984+ 55 units 52,225 tons MSW/day

1 U.S. Environmental Protection Agency, Resource Recovery and Waste
Reduction Activities: a Nationwide Survey (SW-432 November, 1979:




are currently recovering energy from municipal solid waste in Western
* Europe (Exhibit 2). Some European countries recover energy from more than
50 percent of their municipal waste stream, compared with slightly more

than 2 percent in the United States (Exhibit 3).

When one éompares the European and American experiences, two interesting
questions come immediately to mind. First, what forces were present in
Europe during the post World War II era that can explain the rapid

development of waste-to-energy systems? Second, what conclusion can be

drawn for the development of waste-to-energy systems-in the United States?

In the rest of my presentation, I will attempt to answer ‘these two questions
by drawing a parallel bétween the market forces active in the United States
and Europe in the postwar era and the'.forces that have emerged since the
mi&-l9705. |

Over the past 10 years I have read -- and heard -- many statements that
attempted to explain why .waste-to-energy system§ developed at different
rates in Europe and the United Statés. One reason forwarded in the early

days was that U.S. concerns -- corrosion probléms, _pollution control, the

heating value of waste -- required a different technology from that used in.

Europe. Hence, the delay. I wbuld like to remind you that similar problems
existed in the early 1960s in Europe, and yet did not stop the grbwfh of
Jwaste-to-epergy systems there. We are likely to hear much more on some
of these }ssues from European manufacturfers of 'such systems and their

American licensees over the next 2 days. Another reason for the different

~ development rates was the absence of a U.S. waste-to-energy industry and
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therefore the need fo import technology. As it happens, thg countries that
manufacture 85 percent of the grates installéd' i.n-E'urope -- West Germany
with Martin and VKw; Switzerland with Von Roll, Denmark with B?unn &
‘Sorenson. and Volund - are also among the leacﬁng countries in terms of
total installed capacity- or relative capacity per capita (Exhib_it 4). All the
same, several countries -- Fraﬁce, Sweden, and the Netherlands -- have not
hesitated to use.-impor,ted techn‘ology. _Although I éoncede that the transfer
of technology might be easier to effect among Euroﬂ;‘)ean countries than
between Western Europe and this country, the absence of a major .U.S. grate

manufacturer ‘does not explain the lack of _penetration of was;te-to-energy

- . systems in the U.S. market.

As people ‘ran out of techn§logical and industrial organization arguments,
they started to advance institutional ones -- European business patterns are
different from U.S. patterns; the decisionmaking time frame in Europe is
‘much shorter; U.S. financial instruments are inadequate. In‘my mind, none
of these specific institutional factors is a key determinant, although 1 an'1

sure that examples can be found in support of each.

If none of the above arguments contain the key to understanding the

U.S.-European differénces, where does the answer lie?

In the course: of the last decade, 1 have distilled ‘my experience into a
"~ explanation. To put-my point of view in perspective, lét me share with you
my overall Cphclusioné. I should emphasize that t'hese conclusions are no;c
the result of some scientific (by scientific, I mean precise and systematic)
compaiativé analysis. Rather, they are the product of nearly 10 years of

consulting to public- and. private- sector clients both here and in Europe.



In several European couﬁtries in the 1960s and early 1970s, three primary

forces were at work with respect to waste management:

First, landfilling was not perceived as a viable waste management

alternative by most municipal government.decisionmakers

Second, cost and other financial considerations were seldom an issue

when making ‘decisions on waste management

Third, once the municipality made the decision to incincrate, eineigy

recovery was the logical next step.

Today, however these forces are no longer convérgirig in Europe to stimulate
" the market. The market for large sys'ter'n's, in general the most economical,
is saturated. Fiscal austerity is .becoming as important to European
governmehts as it is tb U.S. governments. The boorﬁ era has subsided. The
United States represents the onl)./ remaining large potential market for
waste-to-energy recovery éystehs. Nonetheless, it remains to be seen
whether the emerging U.S. economic and institutional forces will stimulate

the full developmént of such systems.
Returning to my first conclusion -- that landfilling was not perceived as a
viable waste management alternative by European decisionmakers -- I

believe that three factors converged to shape this attitude:

First a general lack of landfill space in the vicinity of the municipality
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Second, a lack of active government support for this technique, and

rd

Finally, a lack of engin'ee"r.ing and political appeal.

I have revieQ.ved the 8 case studies that Ivdirec‘ted for the Department of
Energy in 1978 and_ 1979 (then Energy Research and Development Adminis-
tration (ERDA)), as well as the 16 case‘studies prepared by Battelle for the
Environmeﬁtal Protection Agency (EbA) (Exhibit 5). The lack of landfill
space within the muni;:ipality"s jurisdiction was cited most often by the
r'm'micipai government officials interviewed as the primary reason for
selecting incinération. ~ The need to g'o beyond town limits to acquire landf{ill

space created. political problems that they preferred to avoid.

' The" second factor pertains to the government's attitude toward landfilling.
European terifral governments.geherally adopted a neutral positibn toward
landfilling while "underwriting" incineration and composting. For example,
the French.governmen't subsidized incineration. (which is not synonymous
with wasté-to-energy) in the early 1960s, whereas no subsidies for s_ani’tary
landfills were av\a,ilable before 1975, Government guidelines, regulations,
and research generally emphasizéd incineration with and without heat
recovery and composting, thus legitimizing these techniques in the eyes of
the decisionmakers. For example, the French government published
extensive guidelines (Cahiers des Charges‘) in the Journal Officiel (the
Federal Register equivalent) on. incineration and compost .ne‘arly {2 months
. before simplé guidelines were issued for landfilling. The first design and

operating guidelines for landfills were only published by the Frenc':h.

government earlier this year.



In addition to the previous two factors, it is clear that incineration provided

unique engineering and political appeal that no other waste disposal method

. could parallel. Incineration was considered modern, effective, and efficient
- as opposed .to the old-fashioned, ﬁnsophisticated, unhygienic land disposal
technique. - Indeed, incineration was seen as the ultimate engineer'ing
solution to the eradication of pestilence, which.was the ultimate objective
Qf waste management, Some plants (e.g., Ivry, France and Munich, West
Germany), became engineeriﬁg sho{{vcases if not téurist attractions. Several
~of them even publish brochures in foreign languages for their visitors. ’l;he

volume of articles on resource recovery published in technical journals-in

Europe far exceeded  those on landfilling techniques. Furthermore, for-.

political reasons (and we w.';ll see later, for financial reasons too) municipal
councils often preferred subsidized investments to non-subsidized invest-
ments, even if this demanded a larger financial contribution from the
municipality. Getting sometning "free"' was -- and is -- considered a good
test of a mayor's performance in Europe.‘. And, to quote one high European

government official, "one does not dedicate a landfill!"

Landfill might have been a "dirty" word in Eurdpe in the 1960s, but people
got prettvy fired up about incineration in the United States. As the country

embarked on a llarge-scale environmental clean-up that focused, at first, on

air pollution, incineration became a burning issue. The Clean Air Act, for

instance, was passed in 1963, 2 years before the passage of the Solid Waste
Disposal Act. During this period, the Public Health Service and EPA
actively promoted sanitary landfilling.as an innovative approach to incine-

ration and open dumps, emphasizihg the cost-effectiveness -- and relia-

" bility -- of this technique. Sanitary landfill design and operation guidelines,



were published in the United States in the samé year as the Frenéh_. issued
their guidelines for incineration. Without a doubt, this country did not face
‘a shortage of land. for waste ‘disposal nearly as acute as most industrialized

European countries.

At the same time as landfill was beirig: promoted, a large-scale experimental
effort focused on high teéhnology solutions was launched in the Unitea
States to recover material and/er energy from the municipal waste stream.
Cities liké Franklin, Ohio and. Baltimore, Maryland became as well known in
Efurobe as Ivry and Munich were known here. European city engineers looked
with envy a.t. these high technology experiments. Unfortunately for the
United'States, this new generation of technologies did not meet its planners'
expectations. ~What it did do was prove that sanitary landfilling was

substantially less expensive and more reliable, in other words le,s»s'risky‘, and

that the European. was.te—to-enérgy recovery technology was superior.

This difference in perception between the Europeans and their American
k:ounterparts is accentuated by another very important point -- that cost and
other financlal considerations were scldom an issue for the Furopeans, I

believe that two factors go far toward explaining this attitude.

First, plenty of cheap money was available for waste treatment facilities;
and ‘second, municipal financing practices favored capital-intensive invest-
ment decisions. Let me expand now on these two factors, using France and

West Germany as examples. _
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France is 'said to be one of the most "centralized" countries of the
novnsociali.st developed world. Although I believe that sdch a statement’
: ove’rsimpliﬁes intergover'nmental relationships, it-is true that the 'c_éntral
government plays a key role in manipulating the "demand" as well as the
"supply" of public expenditures for waste disposél. In France, there is a
complete dichotomy between public iﬁvéstment expenditures and public
operating expenditures. This separation. applies both to the sources of
finance and.to the decisionmaking processes. It is one thing to have a
waste-to-energy system 'built, but quite énother to get the budget to rﬁn it.
Let us focus on the capital fexpenditljre side of this problém.- |

It‘is' the responsibility of local governments to undertake capital ekpendi-
tures in waste management. .But because local governments are generally
too poor to ﬁnancelthese .investments, they seek assistance from the centrai
government. Two points are i_mportant in this respect. Firgt, central
go‘vernment decisions on subsidies and loans are made on an investment-by-.
investment basis; and, second, ldans aré usually automatically .granted once-

a central government subsidy is obtained. - :

The loan is usually granted by the Caisse des Dépots et Consignations, which:
' servesl as banker' and -- through its many subsidiaries -- as technical advisor
to local governments. " Although local governments are no ,lo'ngér prevented
from borrowing on financial markets, interest rates are hig‘he‘r and central
government authorization is necessary for. important bond issues. The fact

 that subsidy means loan, which means investment, also explains the
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municipal councils' preference for a capital-intensive, but subsidized

investment, even if it entails a large financial contribution from the

municipality.”

To my knowledge, every sysfem that has been built in France received large
subsidies from the central government.. These subsidies ranged from 10
percent to as rﬁuch as 80 percent of the total investment (Exhibit 6). During
the mid-1960s and 1970s, 1 estimate that the central government disbursed
between $75 and $100 million (in today's dollars) in subsidies for waste
treatment facilities. These expenditures were part of the public hygiene
budget (Crédits 3 I' Assainissement) which grew more quickly than any other
central government assistance program between 1965 and 1975. Thus, by
allocating a large budget for subsidies, the central government controll;ad
the supply: of public investments in waste Qisposal facilities, and by
manipulating the rate of subsidy, it controlled the demand.
. 3

In addition tp-the availability of cheap money, the budgeting process was
also an importéﬁt factor in the European attitude téward financing waste
managemént. Each November in France, municipalities must submit their

budgets for approval to the Prefect who heads a regional jurisdictional

entity called a Département®™. As a result of this process, municipalities .

Refer to Rémy Prud'homme "France: Central-Government Control over
Public Investment Expenditures" in Political Economy of Fiscal Federa-
tion, edited by Wallace E. Oates, Lexington Books, 1977; and A Study of
the Financial Practices of Governments in Metropolitan Areas, Office of
International Affairs, U.S. Department of Housmg and Urban Develop-
ment, 1973,

**The prefect is appointed by the Prime M1n1ster, on the advice of the
Ministry of the Interior. There are 95 Departements in France, including
5 for the Paris metropolitan area.
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.have been required to undertake speciﬁc public investments that were
deemed by the higher auhtorities to be m the public good. Once a project
and its financing plan heve been .approved by the Prefect and other relevant
au.thorities,' the municipality ‘is abeolved from- any cost overruns or
difﬁculties in loan repayments. Although many local government officials
complain bitterly about central government controls (especially the munici-
palities' that are run by political parties not belonging to' the ruling party),
r_ny'concluvsion is that, in general, they happily accept them. For instance,
local " officials’ recently opposed government initiatives to decentr&lize.
financial procédures. Clearly, local government officials prefer to share the
political and financial risks of the investments with higher authorities, who
can serve as a scapegoat if the project‘ does not meet expectations. - To'sum
up,. in the case ‘of waste ‘management projects in France, .the central

government proposes, and the.local government disposes!

In West Germany, on the other hand, the government is much more
decentralized than in France. For one fhing, West Germany has a federal
structure like that of the United States. Controls‘over local government
expend1tures are generally excerc1sed through the State (The "Lander")

rather than by the central government (the "Bund").* How, then, did

financial practices affect investments in waste-to-energy systems?

* The Federal Republlc of Germany is divided into eight states that have
varied structures of local governments; some have elected mayors, and
some have appomted mayors, a collegiate executive, or a chief executive
officer. There is a clear distinction made between the prnfeqc.unnal
politician and the professional admmxstrator. :
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As in France, local governments in West Germany are responsible for waste-
management. In the 1960s (especially in the latter part of the decade)
several municipalities financed waste-to-energy systems out of their reve-
nues. - As a result of the German econorﬁic boom, municipalities were
growing richer and were thus more able to make inveétments in public
projects. In addition, local govefnm*ents in West Germany enjoy several
revenue-raising advantages. As well as having broad powers of taxation (as
compared, for example, with French municipalities), they can impose
charges on Qsers of their services (e.g., for waste management) to help
offset mu'nicipa,lity.costs.* lq the 1970s, the Lénders provided extensive
financial support to local goVernments in the form of grants and low-interest
loans. Cenerally, the municipality fiﬁanced less than one-third o f the.
- waste-to-energy systems on its own. For example, the city of Landshut
received subsidies from the Lande of Bavaria équal to 21 percent of the
total capital cost; nearly 61 percent of its third furnace (yet to be built) will

*%

be subsidized by the Lande.

"~ The French and West German examples indicate that European municipali-
ties generally had easy access to money for waste-to-energy facility

investments.! Their direct and non-subsidized financial contribution to such

* The regional reform (Gebietsreform) that took place between 1969 and
1972 also led to the administrative integration of small municipal units
into larger "and more efficient ones, thereby facilitating municipal
financing.

**The Lande of Ba\}aﬁa will also make a 15-year loan at 3.5 percent
interest for 15 percent of the capital cost. '

T The post-World War II period was one of extensive reconstruction, when
many of the original incinerators that were destroyed during the war, for
example, were rebuilt.
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projects was usually low, and they used outright grants to finance much of
the facility (Exhibit 7). It is interesting that in the United Kingdom, one
industriaiized European country that did not subsidize waste-to-energy
systems, the penetration of such systems has been very low. Landfilling
represents 37 percént of U.K. waste disposal and no incinerator. has been

built in the past 10 years.*

During the same périod in the United States, the situation was quite
different. For one thing, the U.S. governrhent did not attempt to control
the supply of Wasté—to-energy systems; for another, local governments in the
United States enjoy more independence.and thus expose local taxpayers and .

local politicians to more risk than their European counterparts.

The relatively low level of investfnent in waste-to-energy systems in the
late 1960s and early 1970s cannot be attributed to the inadequacy of the
financing instruments. On the contrary, I believe that traditional U.S..
municipal finance source's were adequate for obtaining solid waste invest-
ment capital. In fact, solid waste projects have generally enjoyed a greater
number of financing options, e.g., revenue bonds and private financing, than

other municipal programs for which such instruments cannot be used.

The availability of financing mechanisms did not, however, influence the
existing municipal prioritieé and capital allocation processes. Without a

doubt, solid waste disposal in general, and vwaste-to-energy in particular,

¥ Waste Disposal Authorities in England estimate that in 1977/1978 only
12 percent of the municipal waste was incinerated, at an average cost
of £12.23 per ton versusX2.70 for landfilling. ’
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'occupied a -low ‘position in the list- of municipal investment vpriori:ties. :
' Fiqancially spéaking; the attitude miéht' be described as embracing the
-principle of "waste not, want not." The federal government did not attempt
“to change 'these priorities. By 197."5,,_it, had spent only $15 million (in today's
doliars) on grants for waste-td-energy systems, a level substantially below

that of Western 'Europe for the same period.

Moreover, becaus¢ U.S. municipalities operate much more ‘independently
than their European counterparts, they are also more conservative; a U.S.
community, for instance, .can technically be bankrupf. In -addition, citizens
are.oftén directly involved in’ financing. decisions, e.g., through. voter.
approval of any sizeable bond offerings, which seldom occurs in Europe.
Finally, this conservatism is reinforced by a limited abi,iity to evaluate
technically ~complex projecfs. In Europe, municipalities generall*y have
access to a central development bank, which caters not only to their credit
needs but ‘to their technical. assistance needs as well."

I am convinced that these two factors -- attitudes to‘warc'l landfilling, and
financing practices == pléycd a major role in prometing incineration in
Europe. Once the decision to incinérate was made, the next ldgical step was
to recover the enérgy. The -reason for this decision was twofold. First, it
" had always been the appropriate decision from An engineering and plaﬁning
point of view. Second, it tended to lower the cost of incineration.

From an engineering point of view, utilizing cofnbustion energy was more "

satisfying ﬁhan getting rid of it, as energy recovery was synonymous.Wit-h
,



16

sound energy management and also he‘lped‘ fo control air. poilution. From a
planning ;;oint of view, the production of energy through energy recovery
was in line with the type of activities that European municipalities have
traditionally supported. Most European - municipalities that considered
wast'e-td-er)ergy were either in the energy business already or had good
reason to get involved. For instance, in 20 out of 23 cases, municipalities
were attracted by the opportunitvy to use recovered energy tc; produce steam
and electricity to serve the enérgy needs'of their communities. In several
. cases, this can be explained by the fact that district heating in Europé has
traditionally been largely a municipal busin~ess, especially in growing and/or
new towns. That is to say, European municipal govefnments consider the
delivery of energy services to be part of the overall service that they must
provide to their constituency. This is why, in Denmark, the Netherlands; and
West Germany combined, more than 90 percent of the waste-to-enérgy
systems were installed in municipalities_involved,ih the energy business
(Exhibit 8). Of course, these countries have a long history of municipality
involvement in waste-to-enefgy: v in the case of Hamburg, (West Germany),.
for example, more than 85 years; Copenhagen, (Denmark), more than 45

years; Toufouse, (France), more than 55 years.

In addition to its appropriateness in terms of engineering and planning, -
waste-to-energy was a logical step from an economic point of view, The
investment qf capital to financ.e a waste-heat reco?ery system was at wbrst,
self-sustaining, and at best, profitable. For example, our analysis of several
French cases has indicat.ed that return on investment on the incremental
capital cost associated with the waste-heat recovery system ranged between

14 and 24 percent in most instances. In contrast, the average cost of capital
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for a French municipality was less than 6 percent! With such financial
performaence,'it was logical for the waste-to-energy route to-be' viewed by
~ European communities as an attractive way to -reduce the cost of
incineration. Or to put it}"'f another way, energy recovéry* from incinération
was one way of preventing the taxpayers' money from going up in smoke.
We found for example, that in 1975 most French waste- to-energy systems
were offsetting ‘between 40 and 60 percent of the cost of incineration
(Exhibit 9); in 1970, it was only 20 percent (Exhibit 10).* We observed
'similar cost evolution patterns‘ in West Gei'n'lany, Denmark, and. tne

Netherlands during the same .period‘..

Thus, we have seen three primary forées at-work in Europe in the 1960s and

early 1970s -- forces that did not exist in the United States:

- the perception that landfills were not the proper way to dispose of

-waste

- the fact that cost and other financial considerations were seldom an

issue
- ‘and the fact that waste-to-energy was logical for the municipality. -

Diiring the same period, on this side of the Atlantic, a number of factors

acted to retard the use of waste-to-energy systems: the availability of land,

* In Paris, for example, waste disposal costs have gradually decreased as
energy costs have risen. Disposal costs were 65 francs last year, will be
60 francs this year, and are projected at 58 francs next year. .
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conservative financial management, and general reluctance on the part of
municipalities to enter (or reenter) the energy business. The Americans, as

it were, chose to bury the issue of waste-to-energy recovery.

. However, the_vEuropean and Aﬁerican situations are beginning to change. In
Europe, }wrhile the market is ‘not wasting away, 1he number ef systems
entering service has declined drastically in the last few .years. -This is
- ‘because many ‘municipa‘liti’es that would be required to 4support large plants.
already have a system in place. .The srnall end of .the market, outside
Denmark and the Netherlands, is developing Slowly, wifh several countries

.now promoting sanitary landfill options. for this segment of the market.

The French and West German governments, for example, reeommend
landfills fer municipalities of less than 30,000. And in 1975, the French
government adopted a policy to support systems only for municipélities with
an estabiished district heating potentiai, thus excluding munieipalities of less

than 150,000.

In Sweden, the government no longer favors the construction of waste-to-
energy systems because of acid rain fallout. In Italy, the Ministry' of
Env1ronment publicly acknowledges that the development of waste-to-energy
systems is being blocked by pollutlon-related problems. There, at least,
incineration has become_ a soot point.' Across the confcinent, Euroneans ar‘e‘
reassessing their waste management options, especially for the lower end of

the market.*

* There seems to be a renewed interest in Europe in “material recovery from
waste as well as methane recovery from landfills.
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'Moreover, the overall state of the European economy has tended to make
cost and other financial considerations more important.” Decentralized
budgeting procedures and “revenue sharing programs" increasingly require-
- trade-offs at the local and regional levels.®™ Atv the same time, waste-to-
energy systems are becoming increasingly costly to build and operate, given.

the dramatic rise .in labor costs in many countries over the past 5 years.

In the United States, however, several factors are kindling enthusiasm for

incineration waste-to-energy systems.

e Sanitary landfill is becoming increasingly expensive as regulations.

become increasingly stringent

e energy prices are making the systems more attractive, especially. at
the upper end of the market (it is just a matter of time before energy -

prices equalize between the United States and Europe)

e waste-to-energy compares increasingly favorably with ‘other alterna-

tives (Exhibit 11)

* For example the French budget for Public Hygiene in 1980 was 80 percent
of its 1970 level (in constant francs).

**For -example, starting this year, each French municipality will receive an,
overall subsidy and will be responsible for assigning priority uses, A .
marked structural change in local-authority budgets has also occurred in
West Germany since the early 1960s. In 1961, the current and capital

- budgets roughly balanced each other, but now the current budget accounts

for two-thirds of the budget total. All in all, experts agree that

investment strength has fallen con51derably. (Refer to "Structural Change

in Local Authority Budgets in the Federal Republic of Germany: a

Comparison Between 196! and 1977." In Local Fmance, International

Journal, April 1979, Volume 8, Number 2.)




20

e The shakedown of the first systems has taken place, and U.S. industry

has thus been able to upgrade the new systems' reliability

e finally, the financial conservatism of U.S. municipalities ‘is becoming
less of an obstacle with the passage of new legislation such as the
" "Energy Security Acf,"' which . will provide loan and price support

guarantees for waste-to-energy projects.

Hagler, Bailiy & Combany estimates that between 1980 and 1995, the
‘economically feasible market for waste-to-energy sy;stems in the United
Stat_es will increase from a total installed capacity. df 15A,000 tons per day .
to a_p.proximately‘ 190,000 tons. In other words, energy could be econo-
mically recc;)vered in 1995 from approximately one-quarter of .the total

« . *
municipal waste stream.

The nation's watchword for the 1980s -- and beyond -- might well be:

D=

N

There is no reason to assume that we will stop using energy to

- produce rubbish; but let's start using rubbish to produce energy.

* These estimates are based on a comprehensive market analysis using
market segmentation by region and by type of equipment. The technically
feasible market was evaluated at 56 percent of the total potential waste
stream in 1995 (approximately 200 million tons). Institutional factors or

' the latest provisions of the federal regulations were not taken into
account in the calculation of the economically feasible market.



Exhibit 1

u.s. Waste-toiE‘riergy Systems .
(in operation, under construction, or planned [1979])

Ade
L ]
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A/ N o®
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A . ° A

A under construction or pianped (32)

« in operation (23)

Source: Resource Recovery and Waste Reduction Activities, A Nation Wide Survey, -
U. S. Environmental Protection Agency, November 1979
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Exhibit 2

' European Waste-to-Energy Systems :
" (in operation, planned, or under construction [1977])

® In Operation .

4 Under Construction or Planned

Source: European Waste-to-Energy Systems: An‘Ovefview,
© U.Ss. Energy_Research and Development Administration, June 1977
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Exhibit 3

Municipal Waste-to-Energy Recovery . .

as a Percentage of Total Waste Stream (1979)° : .

100% -

50% —

Switzerland Sweden RFG France . Austria Italy

Sources: . L ’ .

- European Waste-to-Energy Systems: An Overview. U.S. Energy Research ’ ’
and Devel_opment Administration, June 1977

- Resource Recovery and Waste Reduction Activities, A Nationwide Survey,
U.S. Cnvironmental Protection:Agency, Novemher 1979

- Hagler, Bailly & Company J
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Exhibit 4’

Market Shares of Grate Manufacturers
(as a percentage of total grates installed) .

Von Roll
(24%)

L &

Installed Capacity per Capita (Pounds per year) .

' 1936 «
-
q 505 443" a7
: : i i
Sweden ~  Netherlands West : Switzerland

Source: European _Wasté-to-Energy Systems: An Overview.
_ U.S; Energy Research and Development Administration, June 1977



Exhibit 5

List of Case Studies

25

- DOE

EPA

1. Kgrsor, Denmark

2. Manchester. England
3. Brive, France

4. lrvy-sur Seine, France
5. Renne’s, France -

6. Geneya-Che'n_eviers,l Switzerland
7. Lancjshui, West Germany
8. Munich, West Germany
North 1a, 1b
~North 1l

South IV, V

1.
12.
12,
14,
15.
16.

& o & W N

Amager, Copenhagen, Denmark

Korsens, Denmark

- West Copenhagen, Denmark

Deéinlle,'France

Dieppe, France

Issy-Les Moulineaux, Paris; France
The Hague, Nether'lands

Savands, Gothenburg, Sweden . .
Uppsala, Sweden

Baden-Brugg, Turgi, Switzerland
Hagenholz, Zurich, Switzerland
Werdenberg, Buchs, Switzerland
Dusseldorf, West Germany
Krefeld, West Germany -
Steliinger-Moor, Hamburg, West Germany

Wuppertal, West Germény



Exhibit 6

Financing Structure of French

. Waste to Energy Systems

(as percentage of total costs)

26

Sources of Funds (%)**

2,100/tpd

83,000

Total Central Caisse des
Capital Cost ‘ . Government - Dépbts et
(x 1,000 1980 doiiars) Subsidy Consignations Banks.
Toulouse-Le-Mirail 650/tpd i _ i -
Phase | (1969)" $12,400 14 66 (5.25%-6.5%) 20 (8.75%)
Phase Il (1975)* - 6,100 9 91 (10.2%) 0
Brive (1975) 165/tpd 9,000 50 44 (7.8%) 6 (8.05%) .
Rennes (1968) 265/tpd 8,600 - 30 70 (5.25%-7.0%) {. O
‘Irvy~sur Seine (1969) . . :
16 0 84 (5.25%-6.5%)

*Date put into operation
**Interest rates in parentheses

SOURCE: European Waste-to-Energy Case Studies, U.S. Energy Research and Development Administration
and Department of Energy 1977- 1978
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Exhibit 7

Typical Financing Structure
of Waste-to-Energy Systems

Sources

] : West
of Funds ' ~ France Germany
Government grants -~ v " 20 percént 40 percent
Low-interesi loans. . . ‘ .60 percent 30 percent
Local government 20 percent ' 30 percent

SOURCE: Hagler, Bailly & Company

Ny
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Exhibit 8

Fraction of Waste-to-Energy Systems Installed in Communities
Already Involved in the Energy Business ‘

50 : 1?.0 Fraction
(%)

Denmark

France

Italy

Netherlands .

West Germany

Source: Hagler, Bailly & Company



Exhibit 9

Financial Perfbrmance
of Waste-to-Energy Systems
in France (in 1975)

29

Portion of -
Incineration Costs
Offset (%)
110 — o
@ Rennes
100 T
&
g |
- Q
90 Z
|
80 — |
70 . :
60 . o Grenoble @ I _ @ vry
_ pverage . '@ Angers - ‘Toulouse o] o | @ Issy
50 Besancon © @ Metz
St-Quentin @ Y I
40 ' l-- @ St-Ouen
@ Mulhouse |
30 - ‘ | :
Lyon @ I . Rouen
20 | )
1
10 |
: Steam Sales
o : I _ ‘as % of Total
! T ! L ] | U Steam Production

Source: Hagler, Bailly & Company
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Exhibit 10

Performance of Waste-to-Energy Systems in France
(between 1970 and 1975) .

Portion of . '

Incineration : ‘ . . _ ’ Returnon
Costs Offset : . © 7" Ancremental
(%) : ©Wa o Investment (%)

100 - : S : rso

90 ~

80 : ) Return on
: Incremental
Investment

70 - :
- 20
60 4

g7
o ,
50 s

] X 4

. @

X 4
"POrtion of

Al Incinération»

¢. : Costs Offset S - 10

40 4
s04.. P
20 - &

10 -

4970 9T 1872 1973° 1974 1975

SOURCE: Hagier, Bailly & Company



31

Exhibit 11
Waste-to-Energy System Costs Versus
Costs of Other Technologies

Photo- . — $550
voltaic : - : o

Ethanol . m $68-88
from corn .

High-Btu '

gas from E;Z /; $35-53
coal . “

Direct gasoline EZZZZ] $28-49
from coal

Waste- ‘ $26-29
to-energy .

Coal 7
|i::ids . //ﬁ $22:48

Upgraded g
shale oil 7] $21-34

Low-Btu

gas from EI $21-25
coal ‘ .
Oil from M $10-18 :

tar sand . ) 1980

$/barrel
, o oil
1 T 1 4 1] LI 1 1 L 1L L] LR :
10 20 30 40 | 60 70 80 90 | 110 120130140 | 160 170 180190 | equivalent
60 100 150 200

SOURCE: Hagler, Bailly. & Company.
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EUROPEAN WASTE-TO-ENERGY
KNOW=-HOW

. Richard B. Engdahl and Philip R. Beltz

Battelle,Columbus Laboratories
Coltumbus, Ohio 43201

ABSTRACT

This paper summarizes a two-volume evaluation of European
refuse-fired energy systems design practices observed in visits
in 1977 to fifteen (15) European refuse-fired steam- and hot-
water generators.

A major impetus for the development of European waste-to-
energy systems was the finding ‘that it is possible to control
air pollution from the burning of wastes if the dirty exhaust
gases are partially cooled in a boiler. Concurrent with this
influence was the disenchantment with old Teaching landfills as
a long-range solution to the solid waste prob]em in very
crowded countries.

The major conclusion is that the mass-burning of unprepared
municipal solid waste in heat recovery boilers is well established,
and can be a technically reliable, environmentally acceptable and
economic solution to the problem of disposal of solid wastes.

When the cost is considered of upgradiny current landfills and
established new landfills, these mass burning waste-to-energy
_systems are expected to compare more economically with true
sanitary landfjills.

Many European areas are moving steadily in the direction of
Energy and Environmental Parks that often include refuse burning,
electricity production, sewage disposal, industrial waste pro-
cessing and steam generation and hot-water district heating.

, Many conditions in the U.S. have favored landfilling, hence
~ waste-to-energy has not advanced as rapidly as in Europe, but we
are moving rapidly toward minimal landfill site availability in
most of our metropolitan areas. Hence the lessons that have
been learned in 80 years of refuse-fired energy plant (RFEP)
experience 1n Europe can be effect1vc1y utilized by many II.S.
communities. :
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INTRODUCTION

For many reasons U.S. development of waste-to-energy systems has lagged
behind that of Europe. This project was undertaken to assist American
decision-makers and system designers in applying the European know-how to
U.S. conditions. ‘

This paper is presented to highlight the principal results from 15
trip reports and 4 evaluation volumes that we submitted to EPA in 1979
covering extensive visits during 1977 to 15 of the most advanced waste-to-
energy plants in Europe.

It is a privilege to here summarize the combined know-how of hundreds of
diligent developers in this field, many of whom were untiringly generous in
answering the countless questions we had to pose in the course of this in-
vestigation. In many cases we were handed extensive internal reports con-
taining extremely helpful data on important problems that had been
encountered along with data on their solutions. Without all of that
generous sharing of know-how our task would have been greatly impaired.

OBJECTIVE

The objective of this research was to define the current best practice
in European waste-to-energy technology and to illuminate those design de-
tails and operating practices that deserve special attention in transferr1ng
that technology to U.S. conditions.

America has entered a new phase of its histbry in which energy values
must be conserved. This study .was undertaken to help utilize European know-
how in applying waste-to-energy systems in the U.S.

GENERAL CONCLUSION
The best of the European systems are clean, reliable, good neighbors.. -
They are not cheap, but they serve their primary purpose of environmentally
acceptably disposing of ‘municipal solid wastes at an average net cost of
$16 per ton.
DEVELOPMENT OF THE SYSTEMS

In many cities of Europe the primary motivation for building waste-to-
energy systems has been the need to minimize ‘two problems of landfills:

1. . Growing scarcity of available land space in crowded
metropolitan areas, and

2.. Leaching from expanding landfills into surface waters
and groundwaters.



35

A logical choice to minimize the weight and volume of wastes was the
combustion method. However, energy recovery from that combustion process-was
a secondary result of environmental demands on the refuse combustion systems.
In order to achieve highly effective removal of flyash from the combustion
exhaust gases it was necessary to cool them. In a few small plants it has
seemed justifiable to cool the high-temperature gases by means of water
sprays or by dilution with air. However, -these wasteful methods are less
and less defensible as all energy costs continue to rise. Accordingly, the
principal cooling method adopted in Europe was to pass the hot gases through
a boiler, so that the heat from the gases could be conserved to generate hot
water or steam. This could be a low-pressure, firetube boiler, or a high-
pressure boiler. Where the steam needs to be generated at high pressure and
high temperature, which is required for efficient production of electricity,
a water-tube boiler must be used to contain the high pressure safely. This
basic fact then led to adaptation to refuse burning of the water-tube-wall,
boiler-furnace which had already been developed for fossil-fuel applications
in the U.S., and in Europe. However, refuse is not coal, and the adaptation
to refuse burning called for skilled innovation and development.

In some respects, municipal solid waste (MSW) is very similar to high-
ash, high-moisture, noncaking, low-heat-value coal. However, it is bulkier
and much more variable. The alkalis in the ash promote slagging. Also MSW.
contains more chlorides which are corrosive in high temperature boilers and
in wet flue-gas scrubbers. Most of the European manufacturers of waste-to-
energy equipment have evolved impressive systems to cope reliably with most
of these difficult features of municipal solid wastes.

Increasing Heat_Va]ues

Another unanticipated difficulty, which now is history, was the distinct
increase in heat value of European refuse over the years.

Figure 1 shows the trend of heat value of refuse from various cities
from 1955 to 1975. Thus, while the equipment for reliable clean mass burning
was being evolved, the rising heat value of the fuel caused many difficulties
from vverhealing of furnaces, boilers and precipitators. Now the trend
appears to have leveled off at a heat value in the same range as that for
US-MSW, and many of the systems to be described later are demonstrating
highly reliable performance. :

~ Figure 2 shows a typical design of a modern Europeah plant.

The plants we observed and reported on were the vendor's se]ect1on of
their typical best state-of-the-art.

-In order to highlight the main p01nts learned, Tables I, II, and III,
and the following description summarizes some of the unique features of the
plants visited.
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Werdenberg-Leichtenstein

This plant has already been shown in Figure 2. It is very small--132-ton-
per-day capacity, only 26,000 tons/year. It supplies process steam, district
heat, and has 0.85 mw generating capacity; a jewel of a plant serving 76,000
people in a gorgeous alpine valley. It is the highest cost plant visited,
with a net disposal cost of $48.25 per ton. Being very clean, it preserves
the environment of that lovely valley. '

Badeh—Brugg, Switzerland

This is also small, though about twice the capacity at Werdenberg, but
burns only 41,000 tons per year. Net disposal cost slightly above average,
$18.63 per ton. The principal use of steam is for generation of electricity,
capacity 5.2 mw. It is contiguous.with, but operated separately from, a
hazardous waste processing plant which serves a broad area of Switzerland.
Some steam goes to that plant and to the adjacent wastewater treatment plant.

Dusseldorf, West Germany

Relatively old, this is the site of development of the roller grate from
1960 to 1965. From this development have come about 50 roller grate units
around the world, including a new one at. S1ngapore, 1200 tons per day.

High pressure, high temperature steam, 932 F (500 C) is required by the
steam user, which is the existing municipal coal-fired power plant at T
Flingern, one-half mile away. The five boilers at this plant are vulnerable
to superheater and wall-tube corrosion. Much has been learned about cor-
rosion prevention at this plant, and that knowledge has been generously shared
with visitors, in many international meetings, and in numerous publications.

A sixth boiler has been added since our visit.

Baled scrap iron is produced from the residue as shown in Figure 3.

Wuppertal, West Germany

This is a new roller- grate plant, operated below full capacity owing to
the need to restrict emissions while flue gas scrubbers were being 1nsta11ed
and developed. It had a very high capital cost--$89,582 per ton
(1971 dollars).

Krefeld, West Germany’

This is another new roller-grate plant, with two units, and provision
for a third. This plant is pioneering.a unique method of co-disposal (sludge
and MSW) suspension drying of centrifugally dewatered sludge in.hot flue
gas, followed immediately by suspension burning of the 10 percent moisture
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b ludge fired into the water-tube-walled furnace above the burning refuse,
having the pains of development of any innovative system. Performance data

were not available during our 1977 tour.

Paris: Issy-les-Moulineaux

This plant is 18 years old (in 1977), the oldest plant visited and the
biggest, a 3-unit total capacity of 1635 tons per day, and burns 589,000 tons
per year. It supplies electricity and district heat in Paris. The reverse-
acting reciprocating grate has been so satisfactory that the newer Paris plant,
‘Ivry (1969), uses the same grate, only larger. Each of the two units at the
Ivry plant has a capacity of 1200 tons per day.

In .Paris the maintenance of a clean stack is so important that the
precipitator emissions are measured once a month.

Hamburg: Stellinger-Moor

This is another reverse-acting reciprocating grate. Hamburg has had .
experience with waste-to-energy plants since 1896. A major early problem
was lack of heat content .in the refuse, therefore the Stellinger-Moor plant
was designed in 1970 for very low heat value, 3240 Btu/1b (7535 J/kg). Now
with steadily rising heat value (more.paper, plastics, less non-combustible)
the boiler and precipitator become overheated.. Such high flame and gas
temperatures also cause boiler corrosion. To protect the precipitator,
water sprays had to be added to further cool the boiler exhaust gases.

Zurich-Hagenholz, Switzerland

The newest unit at Hagenholz has also. a reverse-acting reciprocating
grate. Zurich has had long experience with waste-to-energy, beginning in
1904. Since our visit in June, 1977, the accumulated success and experience
at Zurich has culminated in the construction of the first line of a new
plant at Josefstrasse, capacity of 511’ tons per day, in an industrial area
near the city center. It began operation.December, 1978. ' '

The manager of these plants, Mr. Max Baltensperger, takes an unusually
active part in the planning, ‘design and operation of these plants. Much has
been learned there and successfully applied regarding design for minimal
tube corrosion. ' :

The Hague, Netherlands

Built in 1968, this plant has also.suffered from the steady rise in heat
value of European refuse. Installation of a fourth unit in 1974 allowed
reduction of the load on the three older units. This has greatly reduced
:orrosion and maintenance costs. In the new unit, superheater corrosion has
seen reduced by not placing it in the radiation section of the furnace but
by locating it instead in a third pass as shown in Figure 4. Also, Kunstler,
air-cooled, sidewall blocks add tertiary air.
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This plant sells electricity to the adjacent oil-burning municipal power
plant which imposes an unusual reliability requirement; if the waste-burning
plant fails to supply a steady output of at least 5.5 mw for the month, it
forfeits a 6 percent monthly bonus. Accordingly, the management of this
plant impresses on its operating staff the importance of reliable operation.

Dieppe, France

The plant is very small, 120 tons per day, and serves a casino-resort
town on the English Channel. Sanitary park: wastewater treatment and
incineration plants together; considered essential to upgrading the resort .
environment. A1l of the Tow-pressure steam generated in a fire-tube boiler
following a refractory furnace goes to dry sewage sludge to 40 percent
moisture. The sludge. is then fed with the residue into the furnace.

Nearby, at Deauville, is a similar, newer, very attractive sanitary park
with a co-disposal plant located in a residential area. Figure 5 shows a
view of the neighborhood from the tipping hall. This entire waste. treatment
park must be clean. As at Dieppe, most of the waste-derived energy goes to
the sludge dryer. :

Gothenburg, Sweden

This plant, near the west coast of Sweden, is a part of the largest
high-temperature hot-water heating system in Europe. The total heating
system depends mainly on imported oil, but the 242,000 tons per year of
refuse burned supplies 4 percent of that system's total energy. As oil
costs escalate, this plant is becoming an increasingly valued part of the
energy system.

Uppsala, Sweden

This, too, is .a part of an impressive, oil-fired district heating com-
plex north of Stockholm. Water-tube, waste heat boilers are used for
generating saturated steam at moderate pressure to. produce hot water for
district ‘heating; some. of the steam goes .to industrial plants nearby
manufacturing pharmaceuticals, processed meat, and baked goods. About
5 to 10 percent of the total energy generated in the comp]ex comes from the
burning of refuse.

Horsens, Denmark

This is another small plant, 120 tons per day, which uses most of the
waste-generated hot gases for drying sludge in a rotary kiln to the point
where it can be landfilled nearby. Hot water for district heating is
generated in a fire-tube boiler following a refractory furnace.
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Cgpénhégen, Denmark

Two large and impressive modern plants at Copenhagen, built in 1970,
Amager ‘and West, together burn 500,000 tons per year to generate not steam,
but high-temperature hot water, 250 to 340 F (120 to 170 C), for use in
district heating based on the fossil-fuel burning municipal power plant
adjacent to the Amager resource recovery plant. These plants utilize a
rotary kiln following the reciprocating grates to complete the burnout of
the residue.

GENERAL CONSIDERATIONS

Grates

There is a wide range of grate-design concepts for achieving motion of
the heterogeneous mass of .burning refuse. - Almost.all furnaces have a ram-
type refuse feeder to achieve positive entry of refuse onto the grate. The
grate motion then ensures movement of the refuse along the grate surface.
Virtually all grates are steeply sloped, up to 30 degrees to aid the move-
ment of the burning refuse from front to back of the furnace.

A1l grates observed provide agitation of the burning mass. This is in
recognition of the need to do two things:

o Continually expose fresh surfaces to ignition and to air flow

e Keep filling .in voids that form rapidly when zones of lightweight, -
highly-combustible material burns. Through these voids primary
air may bypass the burning bed unless such holes are promptly
filled by rearrangement of the heterogeneous mass.

Even the older traveling grate, which provides no fuel bed agitation,
was installed as a multiple series of stepped traveling grates so that as the
burning refuse tumbled from one grate to the next, there was momentary
agitation and rearrangement of the bed.

" Tube Corrosion

Low temperature heating boilers usually operate well below the tube

temperature range where corros1on may begin to become-a problem, 600 F
(315 C).

High temperature, power-generating plants usually generating steam over
750 F (400 .C), have encountered corrosion by chlorides from the wastes.
Many techniques have been evolved to :prevent corrosion, most prom1nent of
which are:

1. Silicon carbide coat1ng on furnace wall tubes directly .
exposed to flames.
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2. Remote location of the superheater in the second or
third boiler pass to limit its exposure to flames or
‘excessive temperatures

3. Tube shielding on particularly vulnerable superheater tubes

4. Minimal use of steam jet soot blowers for tube cleaning so as
to maintain a protective ash coating.

Secondary Air Jets

Again borrowed from coal-burning practice, well established since the
first crude jets were applied to coal furnaces in England in 1858, overfire
jets have been found essential to completing combustion in waste burning.
This is still an art, with differing experiences and opinions about jet
characteristics, size, number, air velocity, and location. But there is
general agreement that the intense mixing of burning furnace gases is
essential, and best provided by overfire air jets. Further research is
needed to help refine the art. :

Pollution Control

As was stated before, the main point in incorporating boilers with these
waste burners was to thereby cool the hot, dusty gases to below 500 F (260 C),
so that high efficiency electrostatic precipitators would survive.

The dust collection efficiencies at these plants ranged up to 99+
percent. In most, but not all, countries of Western Europe, the allowable
particulate emission limit is moderate, ahout 0.07 grain scf (170 mg/Nm3)
corrected to 12 percent COp. :

Although the 1limits are not that stringent in France, the plants in
Paris demonstrate an unusual concern for clean air; their precipitator
emissions are checked every month by a stack test team and average 0.026 to
0.04 gr/scf (60 to 100 mg/Nm3).

As was mentioned earlier, some of the other, earlier designed plants,
have suffered from excessive flue-gas temperatures because of the steady rise
in heat value of the refuse. As a result, the temperature entering some
precipitators has exceeded 500 F (260 C). This has caused severe corrosion
and costly maintenance at those plants. Plants designed for the h1gher heat
values have had no precipitator corrosion problems.

Acid Gases

Although on this survey all environmental agencies visited were found
to be alert to the pollutant potential of hydrogen chloride, hydrogen
fluoride and, to a minor extent, sulfur dioxide from refuse burning, only
West Germany has, as part of its TA Luft regulation announced in 1974,
required that new or -expanded plants must remove 90 percent or more of these
gases from exhaust. To meet this requirement, all new plants in Germany have



pr

nstalled wet scrubbers. While HC1 and HF are easy to scrub, corrosion of
the scrubbers has developed as a major obstacle. Incidentally, these
European installers of scrubbers apparently paid little attention to the
~uniformly unsatisfactory experience with wet scrubbers in American incin-
erators as described repeatedly by Velzy over the past 5 years.

Now in Europe, as in the U.S., some plants are trying dry "scrubbers".
This is an attractive concept which depends on the spray of an alkaline
liquid into the hot gas stream, which evaporates and reacts to create a
chloride and fluoride powder that can be cleaned from the gases. It is too
early to tell how this will work out.in actual practice.

Meanwhile, we learned of no agency which is monitoring chlorides or
fluorides in the ambient air, probably because the levels are too low to
detect with commercially available air-monitoring instruments. The German
restriction was apparently imposed simply because it seemed better not to
have HC1 and HF in the air, regardless of their generally innocuous levels.

Costs

We were surprised to discover little evidence of economies of scale. We
did observe widespread evidence of consummate pride in these clean facilities,
often located very near to residential areas. This pride was first very
obviously manifest in the design stage, resulting in more elaborate and
expensive facilities at the larger plants. For .example:

1. Closed circuit TV for the operator of the scale for observing
.incoming traffic '

2. Furnace surveillance by TV
3. Luxurious, carpeted conference rooms

4. Mechanical street sweeper at one plant to keep the
tipping hall clean

5. Elaborate magnetic separation and baling of steel scrap
from the burned residue at some plants

6. Extensivevand very attractive landscaping at some larger plants.
Figure 6 shows the relatively uniform net cost per.ton'of waste pro-
cessed regardless of size.

WHAT HAVE THE EUROPEANS LEARNED?

1. Waste is a difficult fuel, but it can be utilized for energy
recovery in an environmentally acceptable manner, often '
even when located in the midst of residential areas.
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2. These plants are too-small to generate electricity economically,
hence where there is year-round demand for hot water or steam
- for process or district heating, the expense of steam-turbopower
generation is questionable. However, as energy costs continue
to rise,. the gain in annual efficiency made possible by co-
generation, will favor the more complex plants.

3. Processing of the burned grate residue is often economically
feasible to recover useful steel scrap and coarse aggregate

suitable for road building, particularly where landfill costs
for the final residue are high.

ALTERNATE METHODS

Composting

Many of the éities visited had long experience with composting but uses
for the product did not grow as the volume of refuse grew, hence mass
burning was the only established alternative available.

Pyrolysis

There is much interest in this subject but none of the plants being
tried in the U.S. and in Europe have demonstrated satisfactory operation.
RDF

There is, as yet, little interest in RDF in Europe because of the wide-

spread success of mass burning. Some industrial plants in England are
using RDF for steam production and .one cement plant there uses RDF.

CONCLUSIONS

1.- Europe was forced to .precede the U.S. in developing
these waste-to-energy systems because they wanted.
no more:

o a. Leachable landfills
b. 01d brick incinerators spewing flyash.

As a tertiary influence they had to conserve energy, which
has Tong been much more costly there than in the U.S.

2. A variety of systems have been demonstrated as feasible.
Each has its place for:
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a. Electric pdwer generation and district heating, or
b. Steam heating 6n1y, o}

c. MWater heating only, or

d. Thermal sludge drying and burning.

There are sound, workab]e var1at1ons ‘of these methods suitable
for most app11cat1ons
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TABLE I. SUMMARY DATA OM THE 15 SURVEYED PLANTS VISITED (1977)

Cophgn. - lest, Denmark

Number of Capacity
Start Units and Daily Actual Design Steam ) Max. Elec.
: Un Design Can. Design 1976 Can. Mt/h Steam Press Steam Temn. Gen. Cavpac.
Plant iame Mfr. Date Mt/h Mt. Mt/Year.  Nom. Max. atm. psig C F MW
Herdenberg, Switzerland WaE 1974 1x5 120 26:6;8 12 16 39 570 395 . 740 0.85
Baden-Brugg, Switzerland H&E ' 1970 2x4 200 41,693 11.4 -- 40 590 400 752 5.2
Dusseldorf, Germany VKH 1965 4x10.1x12°.5 1260 ‘297?359 89 94'L‘ f8b 1160 500 932 50
Krefeld, Germény ‘ VKW 1976 2x12 560 114,000 - 42 -- 23 - 376 700 2.8 |
Yuppertal, Germany VKHY 1/76 4x15 1449 178,000 202 -- 29 425 340 644 40
Issy-le-Moulneaux, France Martin 1965 4x17 1635 588,904 160 168 53 780 410 770 25
Zurich-HaQenho]z, Sweden Hartin 7/73 1x21 380 223,595 38 -- .45 669 420 788 12
Hamburg-Ste]]inge%-ﬁ.,Gmy. Maftin 11/73 2x24 1180 420,680 ‘80" “= 52 764 410 770 16.5
The Hague; Netherlands ‘ V-R 1968 . 4x15 1440 .229,000 150 -- 40 566 425w 7?7 23
~Die§pe, France ' V-R 1974 : ZXZ.B 134 14,892 15 -- 16 217 180 356 0
Deauville, France V-R' 1976 2x2.é 134 -- . 15 -- © 16 217 139 356 0
GothénbéFg, Sweden 4 B&S 1970 - 3x12.5 900 - 242,536 157.5 -- 22 309 214 417 0
Uopsala, Sweden B&S 1970 . 1x5 120 52,040 40 - 15 200 138 280 ]
Horsens, Denmark B&S 1974 1x5 129 18,909 HY -- =< -- ‘-- -- 0
Cophgn.-. - Amager, Denmark Volund " 1970 3x12 864 " 255,000 HW -- -- -- -- -- 0
Volund 1970 3x12 864 234,230 HY -- -- -- -- -- 0

v



TABLE II. SUMMARY OF CAPITAL INVESTMENT

215,369

Cost in A
Weighted Average : U.S. Dollars . Capital Cost
Year of Investment Exchange in Neighted Actual 1976 _ Short Tons - Per Daily
. . Used to Select - Rate, Ave. Year Mt Short Tons Per-Day. at Ton Capacity
Plant = Exchange Rate - u.s. $ u.s. $ Per Year Per Year 365 Days/Yr. . us $
. Herdenberg 1973 3.244 4,007,900 26,018 28,620 78 51,103
Baden-Brugg 1970 4.316 3,800,000 41,693 45,862 126 30,243
‘Dusseldorf 1967 3:999 - 11,578,000 297,359 327,095 896 12,920 -
Huppertal 1975 2.622 48,055,000 178,000 195,800 536 80,582
Krefeld 1976 2.363 25,391,000 114,000 125,400 344 73,905
Paris:Issy 1962 4,900 22,449,000 538,904 647,794 1,775 12,649
Hamburg 1971 2.622 18,307,000 420,680 . 462,748 1,268 14,440
' Zurich 1970 4.316 13,831,000 223,595 245,955 . 674 20,525
'rhe Hague 1970 3.598 17,237,000 229,000 251,900 690 24,976
Dieppe 1969 £.558 1,562,000 14,892 16,381 45 34,804
“Gothenburg 1971 £.858. 20,173,000 242,536 266,790 731 27,599
Uppsala 1567 5,165 . 2,139,000 52,040 57,244 157 13,639 -
Horcens 1675 6.178 2,946,000 18,909 © 20,800 - 57 51,697
Coph. Amager 1971 6.290 25,056,090 255,000 280,500 768 32,604
Coph. Hest 1971 5,843 29,954,000 234,230 257,653 706 42,434
TOTAL ’ 246,485,000 2,936,856 3,230,542 8,851
AJERAGE | 195,790 590

35,54V
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TABLE III. SUMMARY OF REVENUES FROM 15 EUROPEAN REFUSE

TO ENER3Y PLANTS (U.S. 1976 $ PER TON)

Sale of

Scrap Iron Net Disposal Interest . Sludge
and Cost or on . - Destruction Other - Total
. Road Ash Sale of Energy(b) Tipping Fees Reserves Credit Revenues 'Revenue§
Werdenberg-Liechtenstein 0.14 - 5.80  14,5,E(2) 48.25 - - - 0.45 54.64
Baden-Brugg -- 6.17 . .'E - 18.63 0.02 -- 0.43 125.25
Duesseldorf 1.21 9.47  S.E 8.84 -- -~ 19.52
Huppertal 0.58 . 7.56 E 35.66 - -- -- 143.80
Krefeld -- - - - - ? -- --
Paris: Issy . 0.26° - 6.25 .S,E L 6.27 -- -- -- --
Hamburg: Stellinger-Moor . -- ' 5.92 E 22.55 ST .- -- -
Zurich:Hagenholz 0.02 10.11 S,E ‘ 12.66 . -- -- 1.12 23.9
The Hague -- 5.59  E 15.84 - - -- 21.43
Dieppe -- -- - - —— ? -- --
Gothenburg -- 8.17 Y 19.34 - -- -- 27.51
_Uppsala -- 11.70 S .- . 6.83 -- -- 18.53
Horsens -- 9.37 H 15.21 - 3.12 -- 27.70
Copenhagen:Amager -- 3.00 1] 16.57 " 0.63 , -- 2.16 22.36
Copenhagen:llest . ° 0.15 6.78 o »18.15 2.58 = 0.38 28.04
" AVERAGE 0.39 7.38  W,SGE 18.83 1.07 . 3.12 0.91 28.43

(é) W: - Hot Water; S: Steam, E: Electricity.

(b) Data for 1375.

9¥



Lower Healing Values (kcal/kg)
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Figure 1. Trend of Heat Value in Refuse at European Cities.
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Delivery Area 10 Ash Hopper 18 Steel Chimney

Bunker Door 11 Residue Chute 19 Hot Water Heater

Refuse Bunker 12 Residue Basin 20 Feed Water Tank

Crane Pulpit 13 Residue Conveyor Belt 21 Turbogenerator

Crane 14 Steam Boiler 22 Collected Flyash Conveyor
Refuse Grab Bucket 15 Air Cooled Condenser 23 Feedwater and Heating Water
Charging Hopper 16 Electrostatic Precipitator Pumps

Incinerator Furnace 17 Exhaust Gas Fan 24 0il-Fired Stand-by Boiler
Step Grate

Figure 2. Section Through a Typical Waste-To-Energy Plant, Courtesy
Widmer + Ernst.
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Figure 3. Baled Steel Scrap Produced in the Residue Processing Plant at
the Dusseldorf Waste-To-Energy Plant.
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Figure 4. Section of Number 4 Boiler and Auxiliaries at The Hague, Showing
the Superheater in the Third Pass.
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Figure 5. View of Neighborhood from Tipping Hall at Deauville.
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SESSION ll: EUROPEAN WASTE—
L%E?\fERGY SYSTEMS

- Moderator: Steve Levy (EPA)
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RESOURCE RECOVERY BY UOP IN THE 1980s

Richard J. Schoenenberger
UOP, Inc.
Des Plaines, I1linois

'Thﬁs,paper is not available for.publication.
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" THE M A RTINS Y ST E M

byw Je Mmtulde WNaM

Modern,. carefully des1gned and carefu11y operated refuse combust1on plants
have proved to be good ne1ghbors even in centra], urban 1ocat1ons

For many years European refuse incineration p]ants, part1cu]ar1y those

with energy recovery, have been visited by engineers, governmental re-

presentatives and private citizens from all over the world. Today, we are
pleased to have the opportunity here in the United States -to report to a
larger audience -on one of the most frequently visited mass burning systems:
the Martin System.

~ Josef Martin Feuerungsbau GmbH

The firm Josef Martin Feuerungsbau GmbH was founded in Munich in 1925. Its
business is the construction of incineration plants, particularly refuse
incineration plants, and the manufacture of Martin Reverse Acting Stoker
Grates and Martin Ash Dischargers according to our patents. Up to 1980,

more than 500 Martin Reverse Acting Stoker Grates and about 6,000 Mart1n
Ash D1schargers have been constructed.

The Mart1n f1rm 1s structured as an engineering office for the planning,
design, erection, commissioning and acceptance of plants using the Martin
System. Through long-standing agreements with well-established and highly
respected foreign firms, the Martin System is used worldwide. Martin has
concluded such an agreement with UOP Inc. of Des Plaines, I1linois for the
United States of America and other countries.

In the 20 years before the founding of the Martin firm a very comprehensive
experience was gained by its founder, the late Josef Martin, during design,
construction and operation of approximately 20 refuse incineration plants
in different European countries. For instance, the so-called Cascade
Stoker Grate for refuse burning was one of his (patented) inventions.

In the years fo]]ow1ng‘the founding of the firm, the Martin Reverse Acting
Stoker Grate was used in industrial power plants. Much experience was
gained with the combustion of low grade, high ash and high moisture content
fuels, such as middlings and slurry from coal washing, coke-fines, raw
lignite, 1lignite, tannin bark,. wood waste, tropical fruit waste and
similar low grade fuels (Figure 1). :

Since 1960, -the Martin-Reverse Acting Stoker Grate has been used mainly for
the 1nc1nerat1on of mun1c1pa1 and trade refuse. As seen in Figure 2, the
Martin system is in use around the world. As of July, 1980 there were 169
Martin units in operation or under construction, with an accumulated
burning capacity of 47,600 Mg (52 500 US tons) per day. Of the total, 116,
or 68.6 percent 1nc1ude energy recovery. Individual unit sizes range from
50 Mg (55 US tons) of refuse per day up to the largest units in the world,
such as at the Ivry plant in Paris, where the units are designed for 1200
Mg (1,320 US tons) of refuse per day.
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THE MARTIN STOKER

HAS BEEN USED SINCE 1925
FOR THE COMBUSTION OF

LOW - GRADE_FUELS

e HIGH - ASH |
¢ HIGH - MOISTURE

SUCH AS

‘MIDDLINGS | ~ . '
SLURRY } FROM COAL WASHING
COKE FINES

RAW LIGNITE

LIGNITE

TANNIN BARK

WOO0D WASTE

TROPICAL FRUIT WASTE

- AND

MUNICIPAL WASTE
TRADE AND INDUSTRIAL WASTE
- SEWAGE SLUDGE (COFIRING)

Figure 1. Use of the Martin Reverse Acting Stoker Grate.
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Units with energy recovery_

\ NS | bing o
COUNTRY Jlle | o | Numeerof | bumig |
Austria 2 | 720 2 |1000
Belgium 6 2313 | 6 |100.0
Brazil 4 “"9,6004‘ 0 | 00
France 341866k 13 | 63.7
Germany,FRG | 16 | 8,60 |--15 | 994
Great Britain | 10 | 2493, 7 | 690
Japan 50 |1200| 37 | 5.1
Luxemburg 2 | 40| 2 | 1000
Monaco 3. 47| 3 |1000
Netherlands 16 | 4,836 8 | 75.7
Sweden L | 648 | 2 | 630
Switzerland 2 | 2558 | 11 | 98.4 |
USA - 8 | 4011 | 8 | 1000 |
USSR 2 400 | 2 | 1000
" Total : 69 |47,587 | 116 | 838

Figure' 2. The Martin Systém A1l Over the World (Update August 1980).
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The European Market

In Europe, requests for proposals for refuse incineration plants are
usually done on a turn-key basis. The client, which is generally a public
body, assigns either the whole project or at least the complete electro-
- mechanical portion of the project (from the crane installation to the stack
and from the feedwater treatment to the turbine generator) to a general
contractor experienced in this special field of activity. In contracts for
the supply of refuse incineration plants using its system, the Martin firm

may act as the general contractor, as a partner to a general contractor in-

a joint venture or as a subcontractor for its specific know-how and f1r1ng
equ1pment to a genera] contractor associated with Martin.

The award of turn-key contracts for refuse incineration plants has proved
successful in Europe because (1) the overall responsibility and coordina-
tion for the electromechanical portion and the civil engineering work are
in the hands of a specialized general contractor, (2) the general con-
tractor guarantees the performance of all plant equipment parts and the
efficiency and energy yield of the overall -plant and (3) the general
contractor follows up the schedule of work for the overall plant.

Typical Martin P]anfs

To introduce our technology let us look at five Martin plants of different
design and with different applications of the energy recovered.

(1) Bazenheid, Switzerland (Figure 3)

This relatively small plant comprises two units, each with a burning
capacity of 84 Mg (93 US tons) of refuse per day. It i$ in operation since
1976. The saturated steam (21 bars, or 300 psig) is supplied via steam
lines to a large meat processing and sausage factory and to a rendering
plant.

(2) Vienna-Spittelau, Austria (Figure 4)

This plant with two units, each having a burn1ng capacity of 360 Mg (400 US
tons) of refuse per day, is in operation since 1971. The saturated steam
produced is first used to drive a back pressure turbine generator of 2.5 MW
capacity for in-plant pawer resuirements and then is used in heat
exchangers to provide 170°C (338°F) hot water for the district heating
system. .

(3) Hamburg-Ste]]inger Moor, German Federal Republic (Figure 5)

This refuse-fired power plant with a condensing turbine generator contains
two units, each with a burning capacity of 450 Mg (500 US tons) of refuse
per day. It went 1nto operation in 1972. Steam is produced at 41 bars (580
psig), 410°c (770° F) and drives the 16 MW turbine. The plant is capable of
being expanded by another two combustion units, and a second turbine gener-
ator has already been installed in 1972.
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Figure 3.

Bazenheid, Switzerland.

Figure 4.

Vienna-Spittelau, Austria.
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Figure 5.

Hamburg-Stellinger Moor, Germany.

29



63

(4) Zurich-Josefstrasse, Switzerland (Figure 6)

In this plant, designed to contain two units, one unit of 450 Mg (500 US
tons) of refuse per day burning capacity has been installed. _ It is in
operation since 1978. Steam produced at 37 bars (525 psig), 420°C (788°F)
is delivered to a tap-off condensing turbine, the capacity of which has
been designed for the ultimate plant capacity of two combustion units.
From this turbine, steam is taken off for an extensive hot water district
heating system and for various direct steam users such as milk processing
and food factories.

(5) Munich-North, German Federal Republic (Figure 7)

In the two high pressure blocks of this power station (one block of 68 MW
and one block of 112 MW) refuse is burned on large Martin Stoker Grates in
addition to pulverized coal. Block I, with two refuse combustion units
each having a capacity of 600 Mg (660 US tons) per day, is in operation
since 1964. Block II with a single refuse combustion unit of 960 Mg (1,060
US tons) per day capacity, went into operation in 1966. The heat from
refuse in block I represents approximately 40 percent of the total heat
delivered, while in block II heat from refuse represents approximately 20
percent of the total heat release of the boiler. In addition to electrical
energy, this power plant delivers hot water into an extensive district
heating system. It may be of interest to note that about 10 to 12 percent
of the electric power requirement of the City of Munich is provided by
refuse incineration.

Mass Burning (Figure 8)

A1l of these plants have been designed as "mass burning" plants and
equipped with Martin Reverse Acting Stoker Grates. In mass burning plants,
the refuse is burned without pre-separation, without shredding and without
treatment, just as it is collected by refuse vehicles and discharged into
the refuse bunker. It is burned on stoker grate firing equipment, without
auxiliary fuel. This straight-forward burning technology has proved
superior, not only with regard to reliability and availability in opera-
tion, but also when compared economically with other disposal processes
available in the market.

The Martin Philosophy (Figure 9)

Just as the heart of every power plant is its combustion equipment, the
heart of the Martin System is the Martin Reverse Acting Stoker Grate.

Ten to twenty years ago, the primary goal in refuse plants was the hygienic
disposal of municipal and trade wastes. Today, the maximum utilization of
the available heat energy is of equal importance. Therefore, economy,
availability and continuous load have become essential requirements for
and are fulfilled by the Martin System. The state of development attained
today by Martin plants is comparable with that of modern thermal power
plant technology.
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Figure 6. Zurich Josefstrasse,

Figure 7. Munich North I and II.
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Figure 8.
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CONTROL OF COMBUSTION PROCESS BY

— LOAD-CONTROLLED REFUSE FEEDING
— LOAD -CONTROLLED GRATE AGITATION

CONTROLLED ADMISSION OF UNDERGRATE
AND OVERFIRE AIR

COMPLETE BURN-OUT OF GAS AND RESIDUE
HIGHEST THERMODYNAMIC EFFICIENCY
SIMPLICITY OF OPERATION

GRATE DESIGN ALLOWS LARGEST UNITS
( FOR EXAMPLE PARIS - IVRY =
,200 Mg per DAY AND PER UNIT )

Figure 9. Basic Aspects of Martin Stoker Technology.
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From the physical point of view, the Martin design permits concentrated
control of fire conditions and flame formation. Thus complete gas burn-out
and complete residue burn-out are achieved. With regard to process engi-
neering, control of the combustion process is accomplished by load-con-
trolled refuse feeding, by grate agitation and by controlled admission of
both underfire and overfire air. From a technological aspect, the modular
design of the Martin stoker grate permits the construction of units over
the widest range of capacity sizes. The thermodynamic efficiency of the
system is higher due to the fact that the best possible residue and gas
burn-outs are achieved.

The Martin Reverse Acting Stoker Grate (Figure 10)

The Martin Reverse Acting Stoker Grate is inclined from the refuse feeding
end of the combustion chamber down toward the residue discharge end. Along
its length are alternate rows of moving and fixed grate bars. The moving
rows slowly push upward in opposition to the gravitational, downward-
moving tendency of the Tlayer of refuse. This brings about constant
stirring, rotation and leveling out of the refuse bed. Glowing mass from
the zone of intense combustion is continuously transported back underneath
the freshly fed refuse at the front of the grate. In this manner the
different combustion phases, such as drying, volatilization, ignition and
burn-out, take place simultaneously.

The essential features of the Martin Stoker Grate technology are (Figure
11):

1. Constant stirring and mixing of the refuse;

2. Uphill transport of part of the glowing mass from the zone of intense
combustion back under the freshly fed refuse;

3. Subdivision of the grate surface into several zones with controlled
supply of combustion air to these zones according to combustion
needs;

4. Grate bar air gaps only 2 millimeters wide with relatively high re-
sistance to combustion air, thus permitting uniform penetration of
combustion air into the burning refuse regardless of the thickness or
evenness of the refuse;

5. Automatic clearing of the air gaps of the stoker grate during
operation;

6. Intense secondary combustion air admission two to four meters above
the surface of the grate for good mixing of the combustion gases.

7. Any reasonable stoker width can be built.

The practical results of the Martin technology are:

1. Complete burn-out of the combustible substances in the refuse bed and
conversion of the ash into a sintered residue;

Concentrated combustion of both the solid and gaseous products in the
“furnace;

Ability to burn even particularly troublesome wastes with high water
and ash contents;

Excellent control of the combustion process expressed by the steam
load curve of a Martin plant with fluctuations of only + 5 percent;

S w N
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Secondary air

Front suspension arch

Feeding device

Front edge of
feed table

Side wall cooler

Grate run No. |

Grate run No. 2

Figure 10. Martin Reverse Acting Grate.

Figure 11.
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5. High plant availability and reliability due to the Tong life of the
grate bars, which generally last between five and ten years.

Another essential feature of the Martin Stoker Grate is its design. In
theory, the Martin Stoker Grate may be of any width desired. The basic
element is the individual grate run which includes all the elements re-
quired for drive and air zones. The largest Martin Stoker built to date
consists of six parallel grate runs and is installed in the previously
mentioned Paris-Ivry plant. Each of these units 15212.8 meters (42 feet)
wide between the furnace side walls and has 140 m“ (1,500 sq. ft.) of
active grate surface, but even wider stoker units can be built. Because
refuse is a hetaerogeneous fuel, it requires quick ignition and volatiliza-
tion in order to obtain optimum residue and gas burn-out. Lengthwise
extension of the stoker grate to achieve a higher burning capacity would
thus be incorrect. From the process engineering viewpoint, it is only
important to determine the proper width of the stoker grate as a function
of the needed unit capacity, the water and ash content of the refuse and
some other parameters.

Because the Martin Stoker Grate is modular in principle, it is suitable for
any size unit and is used for both small and large plants. This is one of
the reasons why, for large plants, preference is clearly given to the
Martin Stoker Grate.

Boiler Designs

Another important 1ink in the use of the energy content of refuse is the
boiler plant, which, in the case of the Martin System, forms an integral
block with the stoker grate.

Looking back, it can be seen that the development of boiler design has been
influenced by new manufacturing methods and construction materials, by the
considerable increase in refuse energy content during the past 20 years, by
actual experience with regard to erosion, corrosion, and fouling problems
and by new methods of cleaning the boiler heating surfaces.

It may be of interest to you to learn that in the early 1960's it was
general state-of-the-art practice to arrange refuse firing equipment
separately from the boiler proper so that the refuse would be burned in an
uncooled furnace, that is, without being exposed to "cold" boiler sections
which might absorb too much heat and thus hamper initial ignition and
combustion of the refuse. Because of its long experience in the applica-
tion of Reverse Acting Stokers to difficult, low grade fuels, Martin felt
sure that it could put its grate right between water-cooled furnace walls
and underneath the boiler and still obtain safe and quick ignition and good
burn-out even with household refuse. Thus Martin became the pioneers of
this new layout, and, starting with the large-scale plant for Rotterdam in
1964, it quickly became a complete success. It not only proved the prac-
ticality of this new line of incinerator design, but also showed its
superiority as to burning capacity per unit, increased overall thermal
efficiency, higher plant availability, more compact design of plant, and
so forth.
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In this context it may be helpful to briefly review the different steps of
design which originated with this pioneering deed and which, only later and
with hesitation, was adopted by most of the other firms in the field.

Rotterdam Design (Figure 12)

In this type of design, the side walls of the furnace in the immediate
vicinity of the stoker grate as well as in the entire radiation portion of
the furnace are cooled by boiler tubes. There are two open radiant passes
followed by pendant superheater coils or boiler tube banks in the third
pass. The fourth, fifth and possibly sixth passes consist of boiler tube
banks and the etonomizer. This boiler design has proved very successful in
operation, but its capital cost is relatively high.

Paris-Ivry Design (Figure 13)

In this plant type, downstream of the first furnace pass, the combustion
gases flow through pendant superheater coils followed by boiler tube and
economizer banks. This boiler design is particularly suitable for large-
scale plants and for high steam temperatures. However, the heating sur-
faces of the superheater are liable to more rapid fouling because the gas
temperature is higher as compared to a boiler with two radiant passes ahead
of the superheater.

Zurich Design (Figure 14)

The Zurich design evolved from the Rotterdam design and applied advanced
engineering techniques in the manufacture of boilers. The superheater is
located in the third pass and is formed by horizontal coils. A panel-type
heating surface is used as an evaporator surface upstream of the economizer
in the fourth pass. This Zurich design 1is less expensive than the
Rotterdam design. But the horizontal superheater coils are more liable to
fouling than pendant superheater coils. This, however, can be compensated
for by an increased size of the superheater.

Further Developments (Figure 15)

Based on experience with the Ivry and Zurich designs, it has been found
that the fouling tendancy of the superheater at continuous full operating
load conditions can be reduced by additionally cooling the combustion
gases upstream of the superheater. This can be accomplished by an evapora-
tor section, either as a platen heating surface or as a boiler tube bank.
Cleaning of these upstream evaporators can be accomplished during opera-
tion by any of various rapping devices.

Still another new boiler design shows three open radiant passes and, again,
has pendant superheater coils cleaned with rapping devices (Figure 16).
This boiler design, which considers all the experience of the previous
generations of design, will permit the achievement of very long periods of
continuous operation between scheduled shutdowns for maintenance and
cleaning.
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Figure 12. Boiler Design Rotterdam.
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When comparing boiler development and periods of continuous boiler opera-
tion attained in Martin plants with systems of other designs, one must
consider the fact that the Martin Stoker Grate can operate at its full
design capacity for many months thanks to the automatic clearing of the
combustion air gaps. Because of this, the boilers used in Martin plants
can also be continuously operated at higher loads than boilers of other
systems which are generally not run under high load conditions.

Over the course of the last fifteen years, it has been found that with a
steam condition of up to 43 bars (615psig) and 400°C (750°F) the corrosion
rate of the furnace and superheater tubes is no higher than with boilers
fired with fossil fuels. The Martin plants in Paris-Ivry and Nuremberg,
however, demonstrate that refuse incineration plants wath higher steam
conditions, for example 75 bars(1065 psig) and 470 9% (880°F), can be built
if additiona] protective measures are applied.

Because of the increasing trend toward use of the heat energy in solid
waste for district heat and electric power, further developments are being
pursued to improve plant energy output. These developments include reduc-
tion of in-plant power requirements (for example, by the use of speed
control on induced draft and forced draft fans), reduction of heat losses,
increase of thermal efficiency by improved controls and use of electronic
process calculations, etc. Figure 17 refers to the five previously men-
tioned typical Martin plants and shows the quantity of heat produced and
the fuel oil equivalent saved by the use of energy from refuse.

Environmental Performance

In West Germany in 1974, the "Technische Anweisung Luft" (Technical In-
struction Air) stipulated the following emission limits, corrected to 11
percent oxygen in the exit gases:

maximum dust content: 100 mg/ng ( = 0.041 grains per scf)
maximum HC1 content: 100 mg/Nm3 ( = 0.041 grains per scf)
maximum HF content: 5 mg/Nm” ( = 0.0021 grains per scf)

Electrostatic precipitators are proven and very reliable devices for the
removg] of fly ash from combustion gases. Optimum values of less than 20
mg/Nm” ( = 0.0083 grains per scf) are achieved. Specific design details
which have proven most successful include Tow gas velocities of less than
1.0 m/sec. (40 in./sec.), uniform gas distribution, long residence time of
the gases in the precipitator and profiling of the collecting surfaces to
Form collecting pockets.

Emissions of hydrogen chloride (HC1)and hydrogen flouride (HF) have been
reduced by washing or scrubbing devices of different designs using
alkaline wash water. The known disadvantages of these devices, including
the concentration of pollutants in waste water effluents, have increas-
ingly brought about the use of dry separation devices. In these devices a
dry absorb1ng substance such as Time dust (CaCO,) or dolomite dust (CaC03,
MgCO,), both of which are alkalline-reacting, 1% injected into the furnace
or 1%to the flue gas. The injection of sodium hydroxide (NaOH) into the



MART'N PLANT Refuse burnt Elgéﬁe% Heat exported Fus‘lefg,léqgv,
Mg of refuse

Use of recovered energy Mg/Year kWh/Mg Refuse| GJ/Mg Refuse o barrels
o . in 1979:

Eozenhmd / Switzerland 20.200 0 3.26 065

xport of steam !

Vienna - Spittelau / Austria )

Export of hot water and electricity 216500 | 32.3 4.60 0.96

to district heating plant

Hamburg - Stellingen /Germany | ""1a

Export of electricity 185,780 3115 0 .00

Zurich - Josefstrasse/Switzerland |**" 7" ™

Export of hot water, steam and 52515 | 2360 2.15 |.24

electricity

Munich - North - Il / Germany fiid

Combined refuse and coal fired power 164960 | 5708 0.90 .11

plant .Export of hot water and electricity

Figure 17.

Refuse Energy Recovered in Five Typical Martin Plants.
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exit gases has also been successful (Figure 18). In all of these
instances, a highly effective electrostatic precipitator is also required
for separation of the dry or crystalline-bound pollutants.

Martin has made extensive tests for the development of dry means of noxious
gas separation by injection of dolomite dust into the3furnace. Although
the desired goal of HC1 emissions less than 100 mg/Nm~ has not yet been
attained, this dry method does seem to be promising for the future.

The development of our combustion load controller represents another im-
portant step in the reduction of noxious gas emissions. The uniform, load-
controlled feeding of refuse onto the stoker grate, the excellent con-
trollability of the Martin Stoker Grate itself and the carefully con-
trolled admission of air to the individual combustion zones in a Martin
plant already help to avoid the formation of noxious gases and their
emission. The combustion load controller is under continuing development,
and further positive results may be expected as soon as less costly and
quicker-reacting measuring devices for the specific noxious gases are
available on the market.

Residue, Fly Ash and Waste Water

For the safe disposal or further processing of refuse combustion residue,
the standard which has proved to be applicable is the content of putres-
cible substances in the combustion residue. In this residue the presence
of no more than 3 to 5 percent (by weight) unburned carbon and no more than
0.1 to 0.3 (by weight) percent putrescible material is generally stipulat-
ed. The Martin Stoker Grate achieves values well below these values.

In many plants the residue is screened, classified and then recovered as an
aggregate for road construction. Scrap iron is usually removed magnet-
ically and then sold. Pellets formed by mixing fly ash with cement are
solid and insoluble in water and can therefore be disposed of without
concern.

The Martin Ash Discharger does not emit any waste water. Just enough water
to condition the residue is used, and most of it evaporates in the ash dis-
charger. In some plants, even the boiler blowdown water is directed to the
ash discharger, and these plants produce no waste water effluents.

Cofiring of Refuse and Sewage Sludge (Figure 19)

For some years now, Martin has been testing several options for the co-
firing of refuse and sewage sludge. For most of the projects, one of the
two following proven systems have been used: (1) spreading sludge with a
water content of up to 70 percent directly onto the burning refuse bed by
means of a rotary-type spreader or (2) for sewage sludges of high water
content or for large quantities of sludge, the sludge is first processed in
a steam-heated thermal dryer, and the dried sludge is then fed onto the
stoker grate together with the refuse.
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Figure 19. Processes for Codisposal of Refuse and Sewage Sludge.
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When cofirin% refuse and sewage $ludge, the flame end temperature must be
at least 1472%F in order to destroy the odors in the gases. Therefore, the
quantity of sewage sludge which can be processed with refuse depends on the
calorific values or heat contents of both fuels. Figure 20 shows the
quantities of sewage sludge which can be combusted together with refuse
having a higher heating value (HHV) of 4500 Btu per pound. We are working
in close cooperation with our U.S. partner, UOP Inc., to apply these
technologies as well as other approaches developed by UOP to the unique
requirements set for in U.S. codisposal projects.

This working relationship involves a constant flow and exchange of tech-
nical information and on-site assistance extending through all aspects of
project design, engineering, construction and operations and maintenance.
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Figure 20. Cofiring of Refuse and Sewage Sludge on a Martin Stoker Grate.
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ENERGY GENERATION AND REFUSE DISPOSAL
AT ISSY-LES-MOULINEAUX PLANT, PARIS

Fifteen Years of Operating Experience
by Jean Defeche

Refuse Disposal in Paris

Refuse collected in the City of Paris and 54 of its suburbs is transported
to four disposal plants: three refuse incineration plants with energy
recovery and one transfer station as shown in Figure 1.

The City of Paris is the owner of these plants, but they are operated by
T.I.R.U. (Traitement Industriel des Residus Urbains), a special service
of Electricite de France, which is a state owned company responsible for
the generation and distribution of electricity in France.

To fulfill its duties, T.I.R.U. is comprised of an operations branch, an
administration and accounting branch and an engineering office. Due to its
many years of experience in the field of engineering and operation, the
engineering office of T.I.R.U. is capable of assisting other municipal-
ities in France and abroad in the solution of refuse disposal problems and
the construction of processing plants.

In 1979 a total of 1,693,660 megagrams (Mg) (1,866,410 U.S. tons) of refuse
were collected as follows:

From the City of Paris 1,028,465 Mg 1,133,370 U.S. tons
(approximately 2.3
million inhabitants)

From the Suburbs 592,130 Mg 652,530 U.S. tons
(approximately 2.2
million inhabitants)

Deliveries from
trade and industry 73,065 Mg 80,520 U.S. tons
1,693,660 Mg 1,866,410 U.S. tons

This quantity was processed as follows:

- Incineration with energy recovery in the plants of Saint-Ouen
(350,650 Mg [386,420 U.S. tons] or 20.7% of the total), Issy-les-
Moulineaux (568,000 Mg [625,940 U.S. tons] or 33.5% of the total) and
Ivry (648,010 Mg [714,100 U.S. tons] or 38.3%)

- Dumping, especially from the transfer station of Romainville (127,000
Mg [139,950 U.S. tons] or 7.5%).
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Of the three refuse incineration plants mentioned above, Saint-Ouen using
the Volund system has been in operation since 1954, Issy-les-Moulineaux
using the Martin System has been in operation since 1965 and Ivry using the
Martin System has been in operation since 1969.

The City of Paris began refuse incineration with heat recovery for the
disposal of municipal refuse at the beginning of this century. The steam
produced in the three plants of Saint-Ouen, Issy-les-Moulineaux and Ivry
is used today both for driving turbine generators and for supply into the
extensive district heating system of the City (Figure 2). The use of the
heat energy contained in refuse, in the form of electrical energy and
district heat1f§ steam, perm1tted the recovery of 7.6 million gigajoules
(GJ) (7.2 x 1075 Btu) gross heat in 1979. This corresponds to a fuel oil
equivalent of approximately 200,000 Mg (220,400 U.S. tons) or approxi-
mately 300,000 Mg (330,600 U.S. tons) of bituminous coal or approximately
140 Titers (37 gallons) of fuel oil per ton of refuse.

The Issy-les-Moulineaux Plant

This paper reports on the operating experience obtained at the Issy-les-
Moulineaux plant (Figures 3-5). This plant has been chosen because it was
one of the first refuse incineration plants equipped with Martin Reverse-
Acting Stoker Grates and because its 15 years of operation has yielded a
great deal of experience which has been trend-setting for the design and
operation of more recent refuse incineration plants. Although Issy-les-
Moulineaux is an old plant, it still is a very reliable and economic one.

The plant consists of four refuse incinerator units and two turbines. The
installation contains a ramp for refuse vehicles, a refuse bunker with two
crane installations, two boiler houses connected by the control room and
the turbine house, four electrostatic precipitators, two stacks, an ash
pit and a fly ash storage bin.

The steam produced is expanded from 50 bars (710 psig) to 20 bars (275
psig) in a 9 megawatt (MW) back pressure turbine. Steam at 20 bars (275
psig) can be used both for supply into the district heating system and for
driving the 16 MW condensing turbine (Figure G).

Each stoker-boiler unit is designed for a normal refuse throughput of 15
Mg/hr (16.5 T/hr) and a maximum refuse throughput of 17 Mg/hr (18.7 T/hr)
at a net calorific value (NCV) of 3,770 to 10,500 kilojoule/kilogram
(kd/kg) (1622 to 4518 Btu/1b) and a maximum refuse heat release of 157
GJ/hr (149 million Btu/hr). The steam production of each boiler is approx-
imately 40 Mg/hr (88,160 1b/hr), agd the steam condition at the superheater
outlet is 53 bars (755 psig), 410°C (770 F)

Operating Statistics

A ten year survey covering the main plant parameters, that is, the quantity
of refuse burned, the amounts of district heating steam and electricity
sold and plant availability, is shown in Figure 7 and reveals certain
interesting tacts.
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STEAM DELIVERED INTO THE SYSTEM OF C.P.C.U.
(Compegnie Purisienne de Chouffege Urbom)
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Figure 2. Steam Delivered into the CPCU System.
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Figure 4.

Paris

Issy-les-Moulineaux Incinerator (Refuse Delivery Side).
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Figure 5. Paris Issy-les-Moulineaux Incinerator Boilerhouse, Electrostatic Precipitators, and Stacks.

68



T

N1 BOILER N2 BOILER

)

EVAPORATOR BUNDLE

(LI

STEAM GENERATORS

I

DANA
SUPER
HEATER

REDUCING
« STATION
w

DESUPER
HEATER

ECONOMIS

I

1

IN-PLANT REQUIREMENT

BACK PRESSURE
TURBINE GENERATOR

1] ——

CONDENSING STEAM
TURBINE GENERATOR

_@_/_.

CONDENSER

||I|

SEINE FLEUVE

RECIRCULATING
PUMP
. ? CONDENSATE PUMP

DEAERATOR
, =
< 9 SUPPLY OF
— —_ =) TREATED
—r—= WATER
FEED T —=| PuUMP
—'—:..'—O'-"_—_:T
R '.:l'l‘.
TURBINE DRIVEN FEED WATER PUMP WATER TA

Figure 6.

—0 TO AUXILIARY CONDENSER

NS

10/ 03 wv

STEAM SYSTEM
6 DISTRICT HEATING

0

><)-—&—( E e |
’ DESUPER (_®_J

HEATER METERING

1%

WATER RETURN SYSTEM

J DISTRICT HEATING

ED.F GRID

NR REBUCING STATION

Issy-Tes-Moulineaux Plant.

06



91

Flgure 7

. 90% . -
1 a
3 b4
<+ v . . =
ol AT~ \\ z
F | | Avoilobility factor of | "/
ot . stoker - boiler units
70 x103 MWh /year
1
w - \
it \ Electricity sold
501 \\ A

Steam sold //

Operating Data from 1970 to 1979 - Paris Issy -les-

Moulineaux Plant.

1 —
6 ' i
o T~
B Refuse burned
] l
1970 1971 1972 19 % K5 @76 977 9B 9
.Figure 7.



92

The quantity of refuse burned has increased slowly from the time of the
plant's commissioning even though the calorific value of the refuse has
increased from approximately 6,500 to 7,600 kJ/kg (2797 to 3270 Btu/1b)
(NCV) during the same time. This was achieved by careful operation,
increased preventive maintenance and improvement of certain equipment
parts.

The year 1977 shows a reduction of the refuse quantity burned. This
occurred when both stacks sustained unexpected damage which brought about
a complete shutdown of the plant for six weeks. This forced shutdown was
advantageously utilized to carry out the maintenance and repair work which
had been planned for the following year. This permitted more or less
continuous operat1on during 1978 so that plant availahility: 1n that year
exceeded Y0 percent.

Since the energy crisis in 1972, the purchase of district heating steam has
been of greater economic interest. For this reason, the amount of district
heating steam sold has been steadily increasing and the amount of elec-
tricity sold steadily declining. The basic thermodynamic design (see
Figure 6) of the Issy-les-Moulineaux plant - back pressure turbine, 20 bars
(275 psig) steam system and condensing turbine, 50 bars (710 psig) - has
proved most successful for such an operation by providing the flexibility
needed to meet. this changing situation.

After the stack problems experienced in 1977 and the particularly
favorable year in 1978, the operating year 1979 is to be considered again -
quite a normal one. The availability achieved was 86.2 percent, which
corresponds to an average operating period per stoker-boiler unit of 7,550
hours/year. Detailed operating data for 1979 is shown in Tables I and II.

Uperating Philosophy

The operating objective imposed on the plant is to burn the maximum refuse
quantity with optimum energy yield. To achieve this goal, great efforts
are being made toward the formation and training of the operating staff, on
maintenance and on technical improvement of the equipment. Although the
plant is already 15 years old, the average availability is still 85
percent, a value corresponding to the availability of similar sized power
plants fired with fossil fuel.

Because the district heating steam demand during the summer months (Figure
2) is not sufficient to absorb all of ‘the 20 bars (275 psig) steam avail-
able, the generation of electricity is more important during that period
than in the winter.

Maintenance Work

During a period of two or three weeks in August, refuse delivery decreases
by about 25 to 30 percent due to the holiday season. This short period is
utilized for the annual general -overhaul and repair of the plant equipment.
A great part of the work is carried out by outside firms assisted by the
plant personnel.
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ABLE I. Main Operétional Data from Issy-les-Moulineaux (1979).

- REFUSE:QUANTITY BURNED ' . 625,940 US ToNS
- AVERAGE BURNING CAPACITY PER | o o
STOKER-BOILER UNIT - ~ - 2,08 US TONS/HR
- AVERAGE .REFUSE CALORIFIC VALUE, NCV » - 3,250 Bru/LB
- AVERAGE REFUSE CALORIFIC VALUE, HHV 3,720 Bru/L
- STEAM PRODUCTION OF ALL BOILERS , 1,118,940 US ToNns/YR

- AVERAGE BOILER EFFICIENCY : 63.4 %

ENERGY RECOVERY

-~ DISTRICT-HEATING STEAM | 1.9x10 LB/YR
- ELECTRICITY : GENERATED | ‘ 61,866 Mwh
SOLD ‘ 42,604 MwH
BOUGHT | ' "~ 138 MwH
IN-PLANT CONSUMPTION - 19,400 Mwo
Ms oF REFUSE oo 30,4 Kwi/US Tow

BY-PRODUCTS

- ReFuse RESIDUE AND SCRAP.IRON | 210,660 US Tons/YR
- RESIDUE SOLD | 168,420 US Tons/vR
- SCRAP IRON $OLD | | : 16,500 US Tons/YR

- AsH . S | | 14,360 US Tons/YR
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Table I1. Operating Hours and Availability Factors - Issy-les-Moulineaux (1979)

»
———hin

" Operating hours. : hours/year | % of 8760 hours
Stoker—boller unit 1 - .. 7,450 . .85.05”
Stoker-botler unit 2 7,39 L 8u.u3

~ Stoker-botler unit 3 ool 7,774 | L 88,74

Stoker-botler ‘unit 4 7,376 - . 84,20

Average avallability of the { o
stoker-boiler units 7,551 86.2

Average non-avallability of
the stoker-boiler units due - -
to breakdowns : | 298 3.4

Average avallability of the 2 SR
Martin stoker grates ) 7,761 88.6

Average évallablllty‘of the . : .
turbine generators : . 8629 .| . 98,5
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The annual general overhaul of a stoker-boiler unit requires a shut-down of
28 days during which 22 members of the plant staff and 40 to 50 outside
personne] are emp]oyed Certain work is carried out in two shifts.

The following main equ1pment parts undergo a special inspection during the
annual general overhaul:

Crane installation: - Ropes, brakes, grabs
Firing equipment: ' Grate ‘bars, brickwork
Boiler: o : Cleaning of heating surféce measurement

of tube wall thickness, check1ng of soot
blowers, valves :

Electrostatic precipitator: . Cleaning, checking for corrosion, insu-
lators, rotary seal valves '

Residue handling: Conveyor belts, support rollers
Day-to-day maintenance and other routine work during the year are carried
out by the maintenance personnel belonging to the plant itself. These
maintenance personnel include 23 mechanics, welders and boiler makers and
11 electricians and engineers for controls.

Technical Improvements

" The experience gained at Issy-les-Moulineaux over the past 15 years has
been trend-setting not only for new refuse incineration plants but also for
improvements at the plant itself. These 1mprovements have included:

1. Approximate]y 5,000 to 6,000 hours after commissioning, corrosion was
observed on some of the tubes of the furnace side walls. This damage
occurred mainly in the area where the combustion gases are still in the
burn-out phase, that is, in the flame area. To provide protection against
the oxidizing as well as reducing action of the flames, the furnace side
wall tubes were studded and silicon carbide (SiC) plastic refractory was
stamped on. The results were very satisfactory.

2. After a longer operating time, the superheaters showed erosion and
corrosion on the lower tube bends at the gas-side inlet and on the tubes at
the gas-side outlet (see Figure 8). The superheaters were of the pendant
type where the hot gases flow from bottom to top parallel to the super-
heater tubes. It was found that particularly heavy corrosion occurred when
the flow of the burning gases was perpendicular to the tubes, which was the
case for the lower tube bends and the suspended tubes at the top- of the
superheater. On the contrary, the corrosion rate was found to be quite Tow
when the gas flow was in parallel with the tubes.

Various improvements have gradually been made in the superheater section
of -the plant. First, the Tower tube bends and the tubes at the gas outlet
were protected by shields (Figure 9) made from heat-resistant castings,
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the 1ife of which is about one year. A deflecting nose (Figure 10) was
installed at the outlet of the second pass to improve gas distribution at
the inlet to the superheaters and thus to reduce the velocity of impact
upon the tube bends. After ten years of operation, when the straight tubes
of the superheaters began to show significant wastage, the pendant super-
heaters were replaced by platen-type superheaters. This permitted, where
necessary, the lining of the tubes with a thin coat of silicon carbide
é§iC) plfstic refractory which was anchored by means of studs as shown in
igure 11.

3. Research work in laboratories and comparative studies both at Issy-les-
Moulineax and at Ivry have permitted a better understanding of the pheno-
mena of corrosion and erosion on boiler tubes. It has been found that the
corrosion rate is increased:

- when the gas temperature exceeds 650°C (1202°F) %pd simg]taneous]y
the temperature of the tube wall metal reaches 290 C (554°F),

- when the velocity of the fly ash particles impinging upon the tubes
exceeds 4 meters (13 feet) per second,

- when the direction of the gas and dust stream is perpendicular to the
tube centerline (as is the case in Ivry),

- when the gas distribution is non-uniform so that the tubes are hit by
veins of gases at high velocity and possibly with a higher dust
concentration,

- when soot blowing or gas velocity provoke an erosion-corrosion pheno-
menon by permanent suppression of the protective coating on the tubes
and

- when combustion conditions are not steady.

In regulating the combustion conditions, the best results have been ob-
tained by partial automatic control of refuse charging and grate movement
as a function of the furnace temperature or of the steam rate.

A better knowledge of corrosion phenomena and a thorough study of the
progressive fouling factor of the tube banks between two annual shut-downs
has permitted the establishment of a certain number of rules which, if
applied to the design of an incinerator boiler, will guarantee excellent
reliability of the boiler. T.I.R.U. has been in a position to verify the
validity of these rules in recent plants where studies and construction
have been followed up by T.I.R.U. (Figure 12).

Operating Costs

Each year T.I.R.U. submits to its supervising authority an operating
account covering all activities and indicating charges and revenues.
Separate accounting at each plant allows the determination of costs for the
individual plants. Operating costs of Issy-les-Moulineaux for 1979 in
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Figure 10. Deflecting Nose to Improve Gas Distribution in
Superheater Pass.

Figure 11. Platen-Type Superheater Tubes Lined with a Thin
Coat of SiC Plastic Refractory Anchored by Studs.
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French francs per Mg of refuse burned in the plant are presented in Table
I1L.

The net operating costs at Issy-les-Moulineaux in 1979 amounted to 23.48
French francs per Mg (1.102 U.S. tons). This is equivalent to $5.02 U.S.
currency per ton at an exchange rate of one French franc to U.S. $0.24.

It is interesting to note that the direct operating expenses are Tower than
the revenues received. Calculation of the ratio of direct operating
expenses to revenues over the past ten years (Figure 13) shows that this
ratio has been steadily decreasing since the beginning of the energy crisis
from 1.55 in 1970 to 0.94 in 1979. A ratio of 0.80 is expected for 1980.

Thus, the decision made many years ago by the City of Paris to recover the
heat energy contained in the refuse of this capital city has proved to be
fully Jjustified. The actual disposal costs are absolutely competitive
compared with those of dumping.
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TABLE III. Operating Cost - Issy-les-Moulineaux (1979).

OPERATING COSTS
(AT RATE OF EXCHANGE = 0.24 S $/FF)

EXPENSES - _ '
T (OSTS FOR OPERATION OF EQUIPMENT $4,05/ToN
MAINTENANCE _ $8.73/70N
 GENERAL CHARGES AND GENERAL COSTS f
FOR THE PLANT $1.93/710N
DIRECT OPERATING EXPENSES $14,71/ToN
DIFFERENT COSTS $0.25/7oN
- AMORTIZEMENT AND FINANCIAL CHARGES $3.31/ToN
~ ProporTION OF GENERAL COSTS "OF T.1.R.U. $2,39/10N
OTHER EXPENSES $5.95/ToN
$14.71/ToN
$ 5,95/10N
TOTAL EXPENSES ATTRIBUTABLE TO THE PLANT $20.66/T0ON
REVENUES
~ SALE oF ELECTRICITY AND STEAM $14.78/ToN
SALE OF COMBUSTION RESIDUE AND SCRAP |
IRON $ 0,86/10N
ToTAL REVENUES $15. 64/ToN
RESULT _
T ToTAL EXPENSES $20.66/ToN
MINUS TOTAL REVENUES $15,64/10N
_ OPERATING COSTS $ 5.02/7oN
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THE WHEELABRATOR-ERYE/YON ROLL
APPROACH/TO REFUSE-TO-ENERGY SYSTEMS

Presentat1on by Von Roll Ltd., Zurich, Switzerland

N. Dirilgen
(President, Environmental Engineering Division)
, and
R. M. Luthy

(Head Sa]es Department, Environmental Engineering Division)

BACKGROUND

1. VON ROLL LTD.

1.1 Company Structure ' N

1.2

~

Von Roll was founded in Switzerland in 1823.
At present, the entire group has engaged 6300

employees in more than 20 production facili-

- ties and offices. Sales of the group exceeded

1 billion Swiss Francs ($615 million) in 1979.

Von Rbll is quite a diversified corpofation,
operating steel mills and foundries, with
manufacturing facilities for heavy machinery
and equipment for mechanical handling and,
ultimately, the Environmental Engineering
Division. ~This is the division we would

like to present to you in more detail.

Activities of the Environmental Engineering Division
The Environmental Engineering Division with its
head office in Zurich, Switzerland, was established

in 1933. The division acts as an engineering



104

\

contractor'with proprietary technological know-

" how in the following five fields:

(a)

(b)

(C)A

(d)

(e)

Municipal refuse incineration: Mass

3

burning of refuse on ‘a grate system with
an_inyeggﬁfed boiler for energy recovery.
Indusfrial«or‘hazardous waste incinera-
tion: Grate, rotary kiln or fluidized

bed incineration of hazardous waste, either
for a'particular appiication or for a re-
gional disposal center.

Waste water treatment: .Engineering and
supply of components for municipal waste
water treatment plants as weli as conceptual
engineering of nomplete_plantﬁ.
Slﬁdge.treatmentg Conversion of the residual
sludge ex municipal plants into a hygienic

and dry product for recycling or incineration.

"Co-Disposal plants: A combined process

scheme for the disposal of sludge and muni~
cipal refuse (or industrial waste) optimizing

the energy recovery.

In most European countries Von Roll's Environmental

Engineering Division sells, designs, erects and com-

missions such plants on a turn-key basis. In other

cases, especially ovérseas (U.S.A,, Canada) Von Roll
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acts through well established licensees. Wheela-
brator-Frye, our U.S. Licensee, provides full-
. service contracts which include: design, construc-

tion and long-term operation.

Worldwide Activities - Mass Burning Technology

Von Roll's Environmental Eﬁéiheéring Division markedly
influenced the mass bgrning-technology:d‘WefWere the
first to design waterwall type furnaces, and in 1954,

built the first refuse-to-energy plant.

In total, 157 incinération plants have been built by

Von Roll, direct or through its licensees all over the

world.

country: . No. of Plants Capacity t/day
Switzerlana | "1s T L 4290
Germany . 23 : 7169
Austria _ R | ’ © 1le98
Japan ' 61 ' | 18866
Sweden 7 - 1881
Finland _ 2 640
The Netherlands 4 1800
France | 15 ' ‘ 4169
Italy . 14 3028
spain 3 . " 1152
Australia. - 3. 629
Canada 2 2520
U.S.A, 2 1635
others 3 820
Total B 157 - 50297
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European Systems

3.1

History

For many years now, in Europe, ‘incineration has

been considered a safe refuse disposal process,

by which'solidy l;quidgand_gaseous‘combustible

waste is, through controlledRCOmbustion3“conVerted
" to ‘résidue, ‘which“eentains virtuafiy'nbycembusti_

"ble matter and no substances dangerous to the

env1ronment. In addltlon to the safety, thls well

?establfshed*in01nerat10nuprocess reduces -the refuse
" volume to “approximately 10%. " In the flftles when
~incineration costs rapidly increased, add1t10na1

‘revenues were created by the sale of energy-in, the

form of heat for dlstrlct heatlng and/or electric’
power. This scheme was first 1mp1emented bynVon
Roll when it built the mass burnlng plant for the

capital of Sw1tzerland Berne in 1954. 1In this

plant, steam is used both for district heating as

well as for electric power generation,

With the increase in fuel cost in the 1970's, this
philosophy was'even more-strictly adhered to .. Cur;
rentiyx only a small number of plants are belng
built _or belng dlscussed where no energy recovery

is con51dered It has to be empha31zed that the

‘European approach to mass burnlng points. pr1mar11y
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to a.éafe and controlled disposél of the refuse
generated by mankind, and only seéondarily does
one try to maximize the récovery of energy, be it
in the form of steam for.heating or industrial
applications, or, if none of these are feasible,
in the form of,électfic energy. |

_‘N' A

Size Range

In Europe, the size of the units have inéreased
over thé years. In the mid-fifties, plants in
the rangé of 100—20d-tons a day were normal. In
the sixties, units of 300-600 tons a day weré
built. Nowadays, some ﬁrojects of up to 1200

tons are under discussion, although such capaci-~

ties will remain exceptional.

" The size of a plant is strongly influence by

geographical considerations, traffic restrictions,
political feasibilities and many other factors.

Due te all these, the majof share of the European

"'markets will still be in the medium size range,

.say 300~600 tons. a day.

Project Arrangements

The owner and gperator ofva'plant in Europe is,
with only a few exceptions, the municipality

-
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.or lately, due to pooling, a group of communities.
The financing of these projects is done by muni-
cipalities, but backed up by federal, state and

local governments throngh subsidies.

Generaily, the mnnicipalities handle these projécts
as tufn—key projects. Civil work might or mignt not
be included in tne supplier's bid,.depending on.lo-
cal pneferences. One specific Eurppean pecuiiarity
has to be mentionedAin this respéct: The European
owners of alplant generally expecf'or even demand
from the supplier to mazimize the subcontracting

in the region'df the project,

Von Roll's Environmental Engineering Division not

iny supplieé a comblete process package, from-the
truck weighing station up ta the top of the stack,
but aléo.acts as a contractor for designing, énec—
tinn and commissioning of mass burninngaste—to—‘.

energy systems in Europe and abroad.

Von Roll's Envirnnmental Engineering Division is
represented by VON ROLL INC.,‘in New Jérseyf With
respect to the maSs.burning technqlogy for municipal
refuse-to-energy pfojects, Von Roll has.a Technical
Cooperation Agreement with WHEELABRATOR-FRYE INC., -

Hampton, New Hampshire.
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'‘ECHNOLOGY
L. Design
1.1 General
A As mentioned before, Von Roll stértgd in the field
‘qﬁ~mg$s bﬁrning in 1933. The newer generation of
plants was initiated by the design of the first
~energy recovery type of plant in 1954. But even
from, then on, various design-details had to be
adapted to the changes of the waste composition,
to new gas qleaning.teqhéolégies and standards,

as well as to the eéconomic considerations.

The change in heating value (LHV) in Europe from
1200 kcal/kg (2150 Btu/1lb.) in 1950 to 2000 kcal/kg

(3290 Btu/1lb.) in 1980 illustrates this.

Btu/lb. kcal/kg

3590 2000 L
3230 1808
2870, 1600 |

2910 l4oo L

2150 1200 | < -
1950 1960 1970 1980 FIG. L
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In this context it is worthwhile mentioning that

tﬁe actual heating vélue changes did not follow

the prediction.

Nevertheless, the change in heét-

ing value in and the'fesulting design‘modificatibh

»asSist greatly in applying the proper graté design

for the various projects.

The difference in heat-

ing value in the various countries can be

strated as follows:

Germany: 1500 -
Japan; 1200 -
}Spain: : .1000 —
Italy: . 1000 -
USA: . 1500 -

2000.

1800,
1600
2000
1500

kcal/kg

kcal/kg .

kcal/kg

kcal/kg

kcal/kg

(2690

(2150

(1795

(1795

(2690

illu-

- 3590 Btu/lb.
- 3230 Btu/lb.
- 2870 Btu/lb.
- 3590 Btu/lb.

- 4490 Btu/1lb.

Figure. 2 shows the typical cross section through a

.mass burﬁing refuse-to-energy plant for a high heat-

ing value (approximately 2000 kcal/kg (3590 Btu/lb.).

———

3

T i |

FIG. 2 - VON ROLL MASS BURNING REFUSE-TO-ENERGY PLANT
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1.2 Grate Design

The Von R¢li grate systém consis;s of a ram feeder
for volumetric cha;ging and has a grate surface

6 = 12 m long (19.5 - 39 ft.) at an 18° inclination.
The grate coﬁsists 6f'3 - 6 identical grate seétions
linkéd togéther. The system is.sgitable for ca-
pacities ranging from a minimum of 2_toﬁs of refuse
pef'hour up to a ﬁaximum of SQ tons per.hburi

Figure'B explains the grate construction.
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FIG. 3 - VON ROLL GRATE SYSTEM

A standard grate element consists of 8 rows of
grate blocks, 4 of which are movable, 4 sfationary.
The 4 movable rows of -blocks are installed on the

so-called grate carriage.
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This lattefvis driven by the hydraulic pyclinders;‘
‘'The supports of the complete assembly areffixéd
for the first section, all subsequent sections rest
on slide bea;ings, enabling longitudinal thermal

expansion towards the clinker chaﬁnel.

fhe grate Blocké are cooled by ﬁrimary gir. For
fhis pﬁréose théuchrome steéiicésf blocks'héve
internal rectépgular'cﬁannéls, ;hrough Whicﬁ the
air is supblied for combﬁsfion foifﬁé fefuée bed.
The channel and‘opening”arrangements arefsuch, as_
to cfeate sufficient preséureidrép throggh the
block. As a result ofjthis,kthe distribﬁtiqn of
combuétion ;ir throughout the_;éfuse bed is inde-
pendent of the refuséllayér thickheési"Prefer-
ential bufnihg or local flame. deviations are heﬁce
not pbssible. Cooling the éfafe blocks consider-
ably‘reduces wear and increases the life span of :”

the stoker.

The assembly oi,the?blOCké.into rows of~bi§cks.--5
clamped together by a téﬁsion fod, eliminates the
gaps in the transverse difection; This, plus the
fact that the movement of one row 6f blocks on top
of the consecutive stationéry‘rOW, minimize.the

" riddlings falling through fhé?gfafe.' Another
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advantage of the construction is, that a grate
sectlon can be erected ‘preassembled. In a
recent_installatipn, the grate sections were
assembled'by the.manUfactqrer for final inspec- ’
tion at his works. Then the sections were trans-
ported to the site and installed py a crane on |
theasubstructure, all.without.any dismantling of
these sections. Approximately 4 weeks of con-

structibn.time could be saved.

Combustion Chambef_

~ The normal description of .the incineration process

shall not be. repeated here--rather, we would like
to_highlight the vital features of the furnace
design.» Certainly, the generally accepted standards

such as minimum temperature and .residence time are

. important. Besides the. shape of the combustion

- chamber, the details of the secondary air injection

and, for higher heating value cases, the ccoling of'

the side walls are equally essential.

The shape of the combustion chamber and the injec-
tion of the secondary air both have to be looked

at: togeLher In order-to-ellminate corrosion in

.the downstream waste heat boiler, complete eombus—

tlon of the gases (v1rtually all CO oxidized to CO )

<must be achleved. Therefore, the flue gases flow1ng
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upwards from the bed are to be thoroughly'mixed'
"with the secbndary-air; no dead corners are to
oécur. In view of the penetfating depths of a
free air jet, Cross sectional reduction is
necessary. This, plus the attempt to minimize
overall heat 1035, deterﬁine the'shape_of the

combustion chamber.

Fufthermore,.the peffdrated ceramic ﬁiatés have

to be mentioned. They are iﬁstalled in the re-
gion of the maximum bed temperature. This is
‘necessary fof refuse With a higher heating vélue
and so-called city-type composition.. If a plant
is operated without these, slag growth on thé side
walls will result. This is dﬁe to the gas temper-
ature just abpve the refuse.bed being higher than
the ash mélting poinf. By blowing air through
the.holes of these perforated plates, the side
walls are not only cooled below the critical
temperaturé, but the gas streams are diverted.-
Thé experiencé made with‘suchlike systems proves

' the suitability of the éomponents and coﬁcept.

- The total aif:quantity supplied for incineration
.is not higher tbah'iﬁ units.ﬁitpoqt sidé'wali
cpoling--a_portiqn of it will be put to the éccount

of the secondary air, the other part to the primary
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combustion air.

Nowadays, combustion chambers are water-wall
cooled. 1In order to protect these sufficently

from the occasionally aggressive,flue gases, the

"lower. part is studded and covered with refractory

ramming mass. The design practice allows only

'for unprotected tube walls above the zone, where

experience cléarly demonstrates that the combus-~

tion hrocess is completedf

Integrated Boiler-

Von Roll nowadays desigﬁs and inétalls the so-
called tail-end boiler. This is a horizontal
pass, pure convection-type waste heat boiler;
consisting of gas-tight outside walls and heat
transfer surface elements. in the form of tube

pahqéls'or tube banks.

pr—

s i

! s rﬂ-lT__‘::—L__ - e it ,
1l EREITY Y T e ot 1 [T e
! 21133 (4 :
: 'S 6 i
! d - |C !
| :
. [}

FIG. 4 - VON ROLL (TYPICAL) TAIL~END BOILER
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The tube spacing (crbsswisef'decreaSes in the
flow direction (7" 'to 3%") while the tube bank

spaéing'remainspconstant (4 3/4").

~ Special attention is paid to the inlet section
_of the boiler with respect to flow evenness and
maximum temperature. The sequence of the heat

transfer stages is'as follows:

® evaporator tﬁbe'banks
e secondary superheater tube banks
) primary‘superheater tube bépks f7
° evaporatof tube banks

® economizer tube banks

Normal steam design parameters are SO.bar/400°C
(725 psi/750°F), ih some éases one goes for
maximum conditions, which éfg limited by economic
cqnsiderationsw(higher thermal efficiency vs. the
use of special ailoys for the'superheatér) to, say,
454°¢ (850°F). However, especially in this case,‘
the arrangemeqt and design take into account that.
tube banks are éometimes.to be repaired/réplaced.
In order to maximize aﬁailability'of a plant, such

a removal must be possible through the roof.
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‘tube wall

.noise insulation.

17.

Cleaning of the tubes i#,dqpe by meanégof mechéq?cal
rapping.LQWitﬁ“this systeh%aﬁaqmerg mounted on a
motor-driven shaft running along either side of

the boiler, hit the panel headers via the knocking

pin.

panel header

knocking pin °

hammex

shaft

heat insulation

FIG. 5 =- VON ROLL BOILER RAPPING SYSTEM

Thé réppiné.systém is.normélly activated once a -
,éhift,lduring several minutes. ' This cleaning’
device, combined with<phé‘ovefall design features
(temperatu?es, fidw; flow distribution) fésuit in
riser times eXCeeding‘Z0,000 hours, actually ex-

periehcéd:iﬁ quite a number of installations.
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SO,: - 200-500° mg/Nm®> based on*1i%'02'(70a175 ppm)

NO,:  200-400 img/Nm® based on 11% 0, (calc. as NO,)

(98 196 ppm)

co: 50-200 mg/Nm> based on 11% 02.(40—160 ppm)

Obviously, these figures do not only depénd.on

the location, but are also'subject to seasonal

- changes. The most_stringentisfandard presentl§
" applied (the above mentibhed'German TA-Luft)

specifies the following limits:

Chlorines (as Cl17) max. 100 mg/Nm3 (63 ppm)
Fluorines (as F~) max. = 5'mg/Nm3 (5.9 ppm)-

S0, . ',dependlng on location

3

CO | -max, 1 gr/Nm (800 ppm)

As can be concluded from the above, it is
normally only the HC1 conceﬁtfation which is
beyond the limits set by this (Germaq) standérd.
The very often referred to S0, cOntenﬁ would
only be critical in areas where~there is al-~
ready a high 1ndustr1a1 concentratlon (the
locally def;ned limit will be based on the
emlsslon). If a plant is to be bullt 1n ac-
cordance with the above.spec1f;cat10n4 there‘wi
‘are at pfesent, two eétgbliéhea process{tecﬁ-l'v.

nologies to be chosen from:



119

1.5 Flie Gass Cleaning

(a) Particulate Confrol“
Except for small units in some countries, a
. refuse incineration plant will be equipped
with an electrdstatic precipitator. .Ihe
stégdagd performanqe of such a unit is at a
collection efficiency of 97 to 99%7 Seriesi
of measurements show that the particulate cbp-
centration at the inlet is at approximafeiy
‘3 -5 gr/Nm3 (1.29 - 2ﬂ15 gfain/Scf) at 11%
023 With the normally selected 2-stage (hori-
zontal) dry bpefating type, particulate out-
iet concentration well under the generally
required limit of 100 mg/Nm° (0.04 grain/Scf)

is achieved.

(b) Chemical Contfol
Since the German standard "TA-Luft' was im-
plemented, electrostatic precipitation alone
is, in certain places, no ionger sufficient.
Quite a number of measureﬁents of thé'chemical
composition of the flue gas in seve£a1 plants

show the following:

HCL: ~ 500-1000 mg/Nm> based on 11% O, (310-620 ppm)

3

HF: . 5- 10 mg/Nm~ based onﬂll% 02 (5.6-11.2 ppm)
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- wet scrubbing; the flue gases IeQGEﬂé'
the boiler are quenched with water, -and
Subsequently;.péss'ah absorption Stage
which opef;tes at an efficiency of 95%
with respect-to HCL removal. No addi-
tional equiﬁment for'particulaté removal .
is requiféd, hdwever, neutraiizatioﬁfof'"
df_thé waste stream is necessafy.'”The

flue gaéés'leaving the scrubber are satur-

ate--a white steam plﬁmefleavesythe stack.

- spray-dry abgorption,'where calcium hydroxide,

injected either in a ﬁater mix or in‘dry
_state, ‘acts .as carrier.(absorbent).. Down-
stream of this stage, an electrostatic pre-
cipitator is tQ be installed, both for the
particulates from the inciﬁeration;'as well
észfprfthé'abéorptioh stage. Instédd‘of
such a preéipitator, é baghouse filtéf
could be cénsidered.'4This concept bperatesA
at an'efficiehcy of‘éay 90%'with respect to

" the HC1 rembval;:

‘The wet scrubbing system is somewhat lower in-
¢épita1 investmént and operating éost, but has
the~disadvantagefof prbducing a liquid efflu~

ent and the saturated flue gases are sometimes
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objected to. Final selection Qf_thé technology
has hence to be based on local conditions/

possibilities.

1.6 Other Pollution Considerations

(a) Water Effluents

If the wet scrubbing stagetmentioned ﬁnder
1.5 is disregérded, then a refuse—to—enérgy
piant produqes no was;e water other than

an occasional blow~-down from the bqiler
‘énd demineralization planf, ahd the surface

water collected in the drainage systém.

(b) Residues

Solid residues are generated as ash from
the grates and ash from the péllﬁtion.con—
trol system. Of all the ash generated,
about.lo% results from the pollution con-
trol system, All ash matefial is usually
1andfilled.' However, in certain instances,
these residues are'being recycled, Re-use

-‘Qf the clinker as base material for réad"
construction is still ﬁraéticed in some

* c¢ascs. In the Mediterranean countries,
the iron is removed from the clinker and

recycled to the steel mills.
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(¢) Noise
’Special'éftentién is also paid to the
noise level of these pIantsﬁ Levéls of
50 - 60.dB at tﬁe'plant.boundar;es'can be

achieved.

(d) jesthetics

Ever since réfuse?to—energy plants have.
been built in EuropeAfor district heating
pufposes,‘théy ﬁavé been located near»resi—
dential aréas.‘ E.g.,'the one plant initaily
mentibnedbin Bérne,.Switzerland, islsur-
rounded by apartment houses. - Therefore,

Von Roll is accuStomgd_to working closely
together,with[city'planners and architects to
make sure that the 'plants-also appeal to the

public sense of aesthetics.

Design Advantageg

' AN
Von Roll stands for the complete process technology, com-

prising the grate, .the bbiler, the gas cleaning stage and .
all accessories. One technology for one plant prevents
disparity in concept and supplies. 1In short, some of

the advantages. can be summarized as follows: .

Grate: o= ‘Simple erection of the assembly, easy re-
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placement procedure apd minimized stock
_requirement{ as only one. type of:block
is used; |

.~ proper #if distribution and cooling of

grate blocks to increase life span;

Combuétion Chamber;< -Optimized combination of chamber shape

and secondary air injection arrangements;
.= flexibility with respect;to heating value

variétions due to balanced combination of

water wall;'perférated plates and re-

fractory mass;

Integratéd boiler; *—"optimum combination of‘fube‘spacing and
layout with cleaning dévice;
- sound concept designed to counteract

corrosion for the sake of reliability;

Gas cleaning: ' - one step ahead of the requirements due
to the experience in the even more de-
manding:fiefd of flue gas treatment for

hazardous waste incineration plants.

' The experience géined in all the Von Roll'plahts'haé been con-
tinuousiy iucbfporated in the deéign. This ensures that the
plants are based on an -up-to-date téchnology; and at the same

time, enjoy an extremeéely high reliability. .
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Co-disposal Units’

Thé_disposal.of sludgé from a municipal waste water.
treatment plant can easily be combined with a mass.
burning refuse plant, Five co-disposal plants of

Von Roll are presently in operation.:

Straightquwad burning of‘undfied.sludge,'togéthef with
refuse, is no solution (maXimum-amQunt of sludge, aboutf
5%). Tfials to blend dewatered sludge (say 40 - 50%

dry substance) Witﬁ the municipal requeland to feed
_this to the incinerator have éhown unsatisfactory results.
In such a.systeh, approximateiy'ls% of sludge could be
disposed of, but problems'with odorsi burn-ogt, etc.,

caused this concépt tq-be erpped.

| Two -technologies have been established:

-~ dewatering/drying by meansAdf the steam generated
in the boiler, subsequent incineration of the dried

substance. _ ’ !

- dewatering and -drying of'siudge'in a dryer/grinder
by means of a sidestream of flue gases, subéequent
idcineration of the dr& product in a dust bprner.
"The off-gases, ex dryer/grinder,'a;e rgcycled back

to the incineration unit.

The latter method is more sophisticated ‘and, from a °

hygienic point-of-view, preferable.
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Presentation by Wheelabrator-fFrye , Yme ,, S '
L. Kenneth Batton 7 ) %3“"”/ ™R

(Vice-President, Energy Systems Division)

OPERATION

A. Operating Exﬁerience of Average Plant

RESCO is a joint venture between Wheeiabrator-Frye Inc.
and the M. DeMatteo Construction Company of Quincy,
Massachusetts. Construction began during the summer of
1973 and in October of 1975 (5 years ago), RESCO received

its first ton of refuse.

The facility consists of two 750-ton-per-day refuse-fired
steam generators and a étorage pit having a capacity of
6;700 tons. RESCO is capgble of proceésing 1,500 tons
per day.  Today, we receive waste from 18 municipalities

and over 60 private haulers.

RESCO produces high temperatufe/pressure turbine quality
steam (875°F/690 psi) which is sold to the General Elec-
tric Company in Lynn, Massachusetts. RESCO has the

~capability of producing 370,000 pounds of steam per hour.
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Let me bring you up to date on our current status: -

® Tons Processed - 1.5 million
e Steam Sold - 8.7 billion pounds

° -Ferrous Metals Recovered - 100,000 tons

.-

e 0il Displaced -.69~million.gallons

In addition to these sta;istics,'which, by . the way, are
unmatched in -this country, we have provided uninterrupted
disposal'serVice to our contract municipaliﬁies and we
have exceeded by nearly 50 percent the required ¢missfon
standards in Massachusetts. The code‘spécifies,barti-
culate removal of .05 grains per scf. RESCO was recently
tested by the Deparément of Ehvi:onmental Quality Engineer-
~ihg_at_.026 grains per scf. In summary, our RESCO plant .

has reached a level of normal commercial operations:
1. Personnel

The key_ﬁo anf manufacturing or service-oriented
facilitytis the peopie‘who manage and run the plant. -
At RESCO,‘ﬁé employ 55 peéple. Forty-eight are
fesponsible for operation and maintenance and seven
are involved with the admihistrative and management
aspects of the plént. ‘We are non-union and turnover
~at RESCO isAminiﬁal., In fact, last mdnth, we-hondred

15 peopie for 5 years of dedicated service at RESCO.

-,
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Twenty-one operators of the facility are all certified
by-the State of Massachusetts as boiler operétors.
Many were power plant operators pridr to joining
RESCO. This, of course, is very important since

RESCO is essentially a'power plant. However, they.
have learned to respect the fuel, refuse, ;hich, as
many of us know, is a very humbling material. 'I |
should.add that ‘what it really takes 1is not just cre-
dentials; these people are highly motivated and view
the conversion of refuse to energy és an interesting

technical challenge.

It is important to note that RESCb will serve as the
training center for future facilities and our people
will be the teachers of future RESCO facilities
operators. Their experience, know-how, and enthusiasm

will be passed on to future operating personnel.

Maintenance and Replacement

During the past 5 years of operations at RESCO, we
have developed a maintenance program which provides
reliable service.to our customers., Our wmaintenance
program is based on preventive maintenance procedures
versus the rebuilding or replacing of éomponents when

they no longer work.
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During downtimes, whether scheduled or unschéduled,

we perform any needed maintenance and thoroughly

inspect each refuse unit and all support systems. If
possible, we will repair a potential trouble area

before it causes any unscheduled downtime.

)

‘Major maintenance and replacement projects are per-

formed during scheduled annual shutdowns. Our stor-
age pit is capable of holding in excess of 6,700
tons, allowing us to héve a single unit'down for

extended periods of time.

During the past 5 years, there have been a few problem

"areas which now are handled by our notmal maintenance

program. Let me address just a few of them.

~(a) Cranes. As you all know, the cranes utilized in

these systems are in service 7 days per week, 24
hours per day. During initial operations, we
experienééd brake weariand cable failures due to
high load demand. . Through design and §perating
changes; the cranes now.operate<witﬁ almost one-
half the maintenance b;iginaily projected. We
now:have a maintenance program which assures the

continuous availability of the cranes.
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(b) ,Grates. During the initiai phases of operation,

we learned that the metallurgy of the grates Yas
not compatible with the design loadings.. Our
appfoach to solving this problem was to refabri-
cate the grate‘system utilizing one of Wheela-
brator's ptobrietafy alloys. In addition, we
have redesigned'the ﬁnderstructure of the grate
support sjstem, which has enhanced the gfate

operations and extended the grateAlife.

(c) Corrosion.  We had anticipated fireéide tube
metal corrosion upon the startup of RESCO. We
instituted a research program to resolve this
:from the beginning. Our épproach was to solve
the problem and'not fo view it as-a'normal
maintenance procedure of replacing boiler tubes.
when they began leaking. Through a change in -
~design and metullurgy, we have experienced 3
years of operation without a férced outage

resulting from corrosion.

Design Versus Actual Throughput

The design capability of RESCO is 1,500 tons per day.
This yeaf, we will process, on a yearly average,

1,100 tons per day. -



130

Operating Philosophy .

The RESCO operating philosophy is based on three commit-

ments,

Disposal of Waste for Our Customers

The solid waste disposal problem is the primary rea-
son these facilities are built. Our operations at

RESCO focus on providing a reliable -waste disposal

" service to our customers.

Energy Production to General Electric

We have a 1ongAterm contract .with the General Elec-

“tric Company to Eupply high temperature/pressure

steam. ‘We work very closely with General Electric to

ensure that we may be able to met their needs. In

fdct, we will schedule downtime during periods when

General Electric does not need the steam.

Financial Return

RESCO is set up as a business center for Wheelabrator-
Frye and the M. DeMutteo Conétruction‘Company, Since
last December, RESCO has been profitable to the

partners.
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Approach to Reliability

Redundancy

v

RESCO is designed with 100 percent redundancy in all

major operating components and subsystems. Our

scheduled boiler maintenance program has minor impact

on the plant's refuse receiving capacity for the

following .reasons:

Extra refusé Burning capacity is prbvided.v‘
Based on known présent-day refuse quantities,
the plant is designéd to normally operate with
two boilers, each operating at 85 percent capa-
city. With one boiler down, the other boiler
can still handle the refuse influx by operating

at 110 percent of its refuse design rating.

Concurrently, refuse can be accumulated in the

storage pit for 16 days.

Equipment servicing more than one boiler has

adequate standby capacity and standby units. It

'is unlikely that more than one boiler will be

down at a time because of auxiliary equipment.

outage. Spare equipment is as follows:

Each boiler is serviced by two clinker ash
and ‘metal removal systems.

s
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- Boiler feedwater system equipment is sparéd
or can be bypassed. |

- Two refuse cranes afé provided; Egch:cié@e
has a capacity of 1,600 tons per day. With
one crane down, the remaining operating‘
cfane can adequatelx maintain feed on the

two boilers.

Derating Throughput

We have observed at RESCO that the nominal capacity

.of each unit, which was rated at 600 tons per day, is

more on the order of the design capacity (750 tons
per day). In fact, we believe that RESCO could
operate continually at 1,300 to 1,400 tons per day

without any changes.

- Industrial Design Criteria Versus Municipal Design

Criteria

The ability to ensure reliable services to our

customers would not have been possible without the
excellént qualified ﬁersonnel and the ability to
address problems expediously. As I indicated earlier,
oﬁr.opérating,apprbach to assure reliability is to
monitor all compohénts'and subsystems on a continuous

basis. Repairs and maintenance will be performed
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before potential failures can occur. All systems are

serviced on a continuous basis.

Our whole approach to refuse to energy is to operate
as a business with commercial level demands, includ-
ing primarily reliable customer service both to
muncipalities needing waste dispoial and to our

energy customer.
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Presentation by Wheelabrator-Frye Inc.
John M. Kehoe, Jr.
‘ (Vice-President”and.General‘Manager, Energy Systems Division)

This part of our presentation will describe the Economics
and American mérketing philosophy for refuse—to—enérgy plants
proposéd by Wheelabrator—.Frye in the U.S.

ECONOMICS

‘ It is difficult to give ”representative” economics for
any given project because of the wide variability of local
conditions which affect costs for refusé;to-energy plants énd
because of significantly different revenue streams going to
the project from refuse disposal fees and.energy'sales. Some
generalizations, however, can be made regarding the economics

of these projectsx These are described below.

A. Typical Capital and Operating Costs

1. Capital Costs

The capital and opefating costs for a refuse-to-energy
plant will véry from‘regionAto fégion. The capital cost has
significant differences, depending on such factorslas: site
acquisitioh and prepératioﬁ requirements; availability'and rates
fbr'conét}uction labor, extent of customer-specific requirements.
such as aestheticé; reduﬁdancy, and energy market needs, and
the‘mafChiﬁg'Of facility design with energy output required;

T example, typically.a turbine generation,system'alone will

increase the capital cost by about 15% to 20% .
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On é throughput basis, a 1,500 ton-per-day electric
poﬁer generatiénArefuse-to-energy'plant will cost, in today's.
" dollars, in the $80lto $1OO million range.v.This represents a
capital cést investment to the project on_fhe order of $15 to
325 per throughput ton,_depending upon financing assumptions,
cost of debt, and amount of debt required for the project.

2. Operating Costs | |

Operating costs vary widely with the projecﬁ, depending
on such factors as'operating labor,'utilities, materials and
services requirements, and other project specific costs, such
as, land purchase or rental fees, property taxes; host commu-
ﬁity,fees, and residue disposal costs. Typically, the opéra—
tion costs for'a 1,500 ton;per—day refuse—to—energy electric
power préject will fange, in today's dollars; iﬁ the vicinity
of lowfto—mid.teens per ton.thfoughput. kIncluded in this
figure are allAthose costs that many times are'éalled pacsa-
thru's; such as taxes (or payments in lieu éf), utilities,
(water, electric, etc), insurance and the like. If these
costs are not looked upoﬁ as true operating costs, then the
opefating cost per ton.would be infthe single digit range.

3. Reliability and Redundancy

Operating costs can reduce significantly if plént relia-
bility and redundancy is high. It is our experience thét the
key prerequisite to maintaining a high level of“reliability
is a weii-trained, highly motivated operating staff. We‘havé
found at our RESCO plant; for example, although operating per-
sonnel are paid premium wages, fheir efforts more than combensate

in the reliability of the facility.
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Redundancy is'generally expressed as a customer require-
ment and relates to the availability of alternative disposal
facilities. If a customer requires sufficient reliability. to

"gugrantee 100% disposal in processing through the plant, then
‘almost without queStion{'significant redundancy will probably
be built into the plant It is our experience aéain that with
a highly skilied operatlng staff and w1th dependable technology,
51gn1f1cant rellablllty can be achleved with two operatlng fur-
naces, operating'at commercial scale with minimal need for backup
: 1andfill. However, in those markets having limited alternative
disposal‘available, we would probably suggest consideration be
given‘for at least'three commercial-scale units in place to
assure reliable waste disposal service. We hive seen in some
A situacions where a refuse—torenergy plant might be built on or
contiguous to an existing, environmentaliy approved -sanitary
landfill. The approach here would be to.use fewer units, and-
'use the landfill as fhe emergency backup during unscheduled and
scheduled outages. The philosophical intent here is to conserve
the landfill capecity,by reducing volume through the energy re-
covery plant while producing revenues from the sale of steam
.and/or electric power. |

4. Maximizing Energy Production and Revenues

We‘haVe noted that a higher temperatnre.and‘pressure steam
'product for direct sale to a user/customer, or for electric |
power.production, justifies itself economically. Since the
.sale of energy is directly related to the~heating'content‘of
product sold} the'higber the tehperature and pressure, the

greater the revenue potential. This approach is of even greater
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benefit when high temperature, high pressure steam can bé used

in a cogeﬁeration application. - With cogeneration, the high
temperafure,'high pressure steam can first be used to produce
electric power, and subsequently, thevexhaust steam can be used

in a précess application to a user/customer at his specified ex-
haust temperature‘and préssure. Consequently, our approach is

to produce as high a temperature and pressure energy product as
the market dictates, but at temperatures of about 850°F. This
also relates to those cases where a local steam user is not avail-
able at a reasonable distanée‘from a‘plaﬁt site; then, a condenser’
turbine may be used on—sité_for purposes of 100% electric power ”
generation. Since the higher the temperature‘and pressure, the )
greater the électric energy output, our ultima;e objecfive is to
optimize energy revenues through maximizing steam salés‘and kilo-
watt-hour production at high temperature and pressure. I don't
mean to suggest that there are not trade~offs in prbducing higheiﬁ%
quality steam; certainly there are. For example, at RESCO, higher
temperatures and pressures resulted initially,in corrosion. How-
ever, wé have found that the high quality metallurgy used in our

- RESCO plant boilers, and to £e duplicated in our other plants,

can justify turbine-quality steam préduction. It should be noted
that the higher quality metallurgy, if included in the initial
capital cost of the plant, can be capitalized over the life of

fhe boiler tubes, rathe; than expensedlas a normal part of main-
tenance. This has the'additional benefit of minimizing additional
cost in the méintenance budget.. Thus, phe key factor to minim )

life cycle cost is to include as long a superheater tube life as
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possible in the initial design and construction of the boiler,‘

even though its high quality métallurgy is initially expensive.

‘B. Approach to Optimiziné System Economics

1. Financial Commitment

We believe that a major means of. optimizing systém eéo—'
nomics ié.for’the syétém supplier to contribute his own eqUit&
capital to the project, both as an indication of commitment to
the_projecf.and to lower the overall unit costlto the project.
This is ach;eved by having the tax_apd depreciation benefits
of the project aécrue to the private owner, and subsequently
distributed in the disposal feé economics. As such, both thé'
private operator and usef communities gain the tax—reléted
benefits of this approach.

2. Experience Benefits

A second factor in optimizing system.economibs is by ini-
tiating change througﬁ experience. For example, we are abie fo
optimize the design of future RESCO plants throdgh hands-on
éxberience at RESCO. Examples of these changes include: &if—
fering pit and crane configurations and operations; optimized
design in furnace configuiation; and'enhancéménts in both the‘
canfiguration and metallurgicai content of the boiler section
of thé plant. | |

Anothe: related operating philosophy which we have adopted,
is to-utilize and motivate to the fullest extent thé operating
personnel of thé plant. As was mentioned earlier, operating

staff is a key facfor in determining project success. Also of
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key importahce tb the successful operation of the piant, is
reliable disposal service and dependable energy supply to the
customer. To- optimize system4ec§nomics, we implement a highly
structured maintenance program and coordinate this program with
the energy custoher. The program includes provisions for sche-
duled and unscheduled thages, and close cooperation with the
energy customer such.that energy product is delivered when it is
most needed.and scheduled maintenance is performed when the cus-

tomer's energy needs are minimal.

3. Maiﬁtenance Program

Another philosophicél factor which optimizes operating
costs is a rigorous and deliberate preventative mainténance‘
ﬁrogram. Significant operating costs savings accrue when a
preventative maintenance program can be implemented both during
scheduled and unscheduled outages. The key to success here,
is the ability to anticiéate preventative mainteﬁance require-
ments such that,'Qhen outages do occur, the préventative main-
tenance can be expeditéd without undue delay in resuming full
Aoperations.

4. Product Quality

Finally, our operating philosophy is to build in qualit&
into the project from its inception. Thé 0ld addage, "You
get what you pay for", is especia11y~true in resource recovery.
We have found through experience that the most rugged equipment
possible for the materials handling aspects of refuse-to-energy.
pays off significantly in the final analysis.; This is espe-
cially true when dealing with a process operating af high tem-

perature and pressure.
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To summarize, our objéctive in optimizing system economics
is to prov;dé a commercial service at“a'competitive price. By
commercial, we mean just that .. the ébility to provide reliable,
dependable,_environmentally‘sound»and economical service on a
continuous basis. Our objective is to relieve the public works
official of the concerns for his solid waste disposal problem
once his mgnioipality's waste crosses our scales.

C. Institutional Factors vs. System Economics

Several key institutional factors enter into the system
economics of our facilities. Some of the major factors include:
environmental requirements,'availability of refuse, availability
of competing disposal services in the area where the plant,is
proposed, and the relative'economics of the value of the energy
product from‘the plant.

1l. Environmental Factors

The environmental faqtor is key, particularly as it rel@tes
to air pollution control requirementsvand requirements governing
" residue disposal. In some municipal markets in which we have
worked, we have found stringent airybollution control requirements
which demand technology which,migﬁt go beyond the state-of-the-
art. Althqugh the removal of particulate emissions is widély
proven with electrostatic precipitatbrs, efforts are now under-
way to reduce particulate émissions through_the use of fabric
filter installations. Our experience suggests that fabric
filters can Be effective'in significant.particulate emission fe-

duction, but not without cost and risk. To date, our experimental
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fabric filter facility at RESCO has demonstrated that reméval
can be Significant> but that the fabric life of bags is still
“inconclusive. Consequently, there is éome risk in the cost of
the fabric filter baé,replaceménts. Aiso, while the emissions’
of SO, and NOyx appear minimal from a refuse plant in comparison
to NSPSS standards for coal-burning powei plants,” there aré"
lsome'movements'underway to restrict NOx and SOy levels from
refuse-to-energy plants. We'qﬁéstion first, the extent of
removal required, and second, the cost benefit trade-off for
the use of.technology thch has not yet been fully demonstrated‘
at commercial scale for fefuse—to—energx facilities.

Another related environmenta; impact concern is the dispo-
éition of residue. We still.beiieve that much of the feSidue
material from fhese facilities can be ﬁsed in coﬁmerciai appli-
cations, however, certain legal and institutional iﬁpediments may
ﬁre&entbtheir uée. As such, they are viewed as a waste, and
must be disposed of accordingly, at increased cost of municipal
disposal service. Related to this, is a concern raised that
this residue material might be classified, "hazardous". Detailed
studies performed iﬁ Maséachusetts éuggest that this materiélw
should not be. considered hazardous, as its leachate impact
may. be far less than that of the raw refuse from which it
came. |

2. Refuse Availability

Another issue related to institutional factors governing
' economics is the avdilable refuse for the project. If refuse

supply to the capacity of the plant is not reachéd, either because
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af'miééalcUIations on waste generafion; or because of other
available alternatives diverting waste from.-the plant, a heavy
penalty incurs the project. We have experienéed such a penalty
at our RESCO. plant; we caution ourselves (and others) not to
make the same mistake again; A femedy tq.this botential pro-
blem is:the.assurance made by the municipality'in its_RFP that,
in fact, a guaranteed quantify of waste will be delivered to-
the plant, or'é "put or pay" provision will go into effeqt.

3. Availability of Alternatives

Another related .issue is the extent to which.alternative_
disposal facilities might competeAWith the project. It is our
experience that aiternatiVes to refuse-tovengrgy'plants have been
a&ailable throughout the cduntry, primarily because enforcement
has béen lacking in élosing down envirbnmentally unsound alter;‘
natives. This is perhaps the major reason why the implementafion
of refuse-to-energy has been. so slow in developing in the United‘.
States, as contrasted with Europe or.Japan,lwhere land is at
a preﬁium and.not available for wasté dumping. Consequently,
to expedite a refuse-to—energy brojéct, a rigorous program to
eliminate éheaphenvironmentally uﬂsaund alternatives is neéessary,
since an‘environmentaliy éound refuse-to-energy plant cannot
compete with dumbs. |

~ . That ié not to say that there is no need for landfill; on
thé codtrary; some amount of sanitary landfill will'always be
needed. However, .:;'we'believe that we can effectively,compete
vith envi}onmeﬁtally cbmplying sanitary léndfills, particularl§

when theée facilities are located in remote areas, thereby

/
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requiring an additional transfer/haul.

4. Nature of Energy Market

Finally, another institutional factor affecting the eco-

nomics of these projects is the nature of the energy market.

In the northeastern part of the U.S., where o0il prices are typ-
ically in the $25 barrel range and Iand disposal alternatives
are limited,'réfuse-to-energy can generally be economically
viable. Confrésted with these locations, however, are those

parts of the nation where energy can be produced at relatively

;low cost byiburning coal and the energy'product from the plant

has a lower value to the using customer In those instances, g
the economic v1ab111ty of resource recovery is not as certaln

The key point here is that the energy value from refuse-to-

’energy plants is relative to the alternative values of energy 3

to the using customers.

@

AMERICAN MARKETfNG PHILOSOPHY

This dicuséion will include our.arrangement with.Von Roll,
our Europeén system developeré our sales and procurement ap-
proaches, and our view of the markef as it‘re}ates to relative
risk sharing for‘refuse-foéenergy projecté. |

A. Arrangement With‘Von Roll

Our close relatlonshlp with Von Roll 1ncludes maJor in-

.volvement in both de51gn and overall progect economlcs for our

refuse-to-energy facilities. As licensee, we have total and

free access to technical innovations and system improvements
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in the Von Roll furnace and boiler design. Similarly, those
technical~improvemehts which we have made in the RESCO process
are also readily availab}e'to Von Roll. Both our companies'
philosophical app}oach is to freely exéhange technical and
economic information as it relates not only to our own plant
design, but to the total refuse-to-energy market. Typically,
for each projéct that we bid, we will work directly with Von
Roll on preliminary design and market approach.

1. Component Supply

Although the ultimate design may be from Switzerland
through Von Roll, we do have flexibility'in éeeking domestic
suppliers for components if their prices are cost effective
relative to European manﬁfacture and supply. As an exémple,
ouf RESCO plant includes coﬁponents.from North American manu-—
facture. Our boilers were built by Déminion Bridge Company of
Canada, but to.the specifications of Wheelabrator/Von Roll. |
We dothave; as an additional resource, the technical engineer-
ing staff involvement of Von Roll during éonstruction and
operation of future RESCO faéilitieé. In summary, we believé
that a close working relatioﬁship with our European counter-
part, Von Roll, ultimately results in the most effective

approach to refuse-to-energy in the U.S. marketpiace.

B. Sales Approach

To méké évblanket statement, we'wili consider supplying :
our4te¢hnology and operating know-how to any municipality
desiring itfin:the U.S. If a direct procurement approach

is desired, we will honor it. However, we are also receptive
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to eva%uating and responding to request for proposals (RFP’S)
on an individual basis. In evaluating RFP's, we apply certain‘
key criteria to decide whether_we‘feel the particﬁlar project
warrants significant engineering and other resources. " Briefly,
we look for assurances that the refuse is available, that a
site has been selectea and secured for the pfoject, that there
is overall public support for the project, and a long—term
viable eneréy market is available for the plant product. We

make a determinétion on a project-by-project basis,

1. A & E Support

Although ouf eng}neéring supbort is'supplied
through our‘Wholly~owned subsidiary; Rust Engineering
Company, there-ére opportunities and examples wheré
sub-systéms'to our facilities will be provided through -
A & E and construction firms,' Decisions regarding the
use of these services ére'made on a projectsb§-project

basis.

C. Procurement Approach

Our procurement épproach is fo provide to the fullest
extent whatever our customer needs and desires. With respect
to the fulleseryiée approach, we prefer operation ourselves,
_but do not necessarily require ownership. I will say, however,
that wevfeel the private ownefship approach with equity capital
participafiég by the system supplier willlresult in fhe best
pqssible approach for the.project, The systemS.suppliér has

his money on the line, i . s
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‘Our present posture is to provide full servide, including

design and construétion resﬁonsibility, dperation and, prefer-

ably, ownership. We would seek out a relationship with a local

a2

A & E firm for the project on an as-needed basis.

To date, we have not responded to procurements for a turn-

key or a ”part-énd—parcel” bid procurement ébproach. We will

now consider such requests on a case-by-case basis.

1.

D.

Competitive Bid Laws

We'have noted:in some states, certain competitive
bid laws restricting the full-service approach. 1In
certain cases, we have declined to bid projects requir-

ing a "low bid''. One need only to view the activities

.of the wastewater business over the last 10 years to

explain our reasoning. Although we feel that in most -
cases an amendment to state prbcurment laws 1is neces-
sgry~to achieve the most cOst—effect;ve approach for

the municipalities, we have worked directly with several
municipalities which legally require a restrictive "part-
aqd—parcei” bid approach. It.is interesting that our
nation's lafgest city, New York, elected to seek an amend-
ment to state procurement law prior to the issuaﬂce of an
RFP. We concur Wifh New York's approach, and afe confi-

dent that the results will be in the ultimate best inter—'

est of its citizens.

Other Marketing Approaches

As we indicated earlier, we prefer to own and operate refuse-
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to-energy facilities, and will make Wheelabrator-Frye equity cani-
tal contributions to refuse-to;enérgy projects; as an indiéatiOn
of our commitment to the project and to the refuse-to-energy
business. Again, we believe that we can fully demonstrate'that
the private own'and operate approach will result in the best pos-
.sible refuse disposal service Qith minimal risk to thé partici-
pating commun;ties. Recently, we have been asked our thoughtévre-
garding other\financial approaches, such as, a "third pérty lever-
aged lease'". Certainly all potential finanﬁing options should be
explored. Regarding third party leveraged lease, one key issue
that must be resélved is: '"who ultimétely assumes the.economic
penalty associated with the delays for achieving the third party

. leveraged lease approach"? It's our undérstanding that the thifd
party leveraged lease approach must have an Internal Revenue Service
rule which could take anywhere from 6 - 12 months, and thus, to
Justify itself to the private contractor or to the municipality.
At the present time, it seems to us, that a mucﬁ more- palatable
financing approach.is the use of the contractor's own equity capit
as an indication of its commitment to the project and tb an expedi:
ent financing. However, as I stated earlier, all potential financ

ing approaches should be investigated.

E. Risk Sharing

Risk shdring for refuse-to-energy 1is no diffefent than
risk sharihg in any other venture; the higher the risks taken, the
higher the potential benefit that must be sought. Our view of
risk sharing in the refuse-~to-energy business is that a private

contractor should be willing to assume the ordinary business

risks related to‘ownership and operation of these facilities.
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Risks thaf go beyond these should be_shared.; Second, thé
risks should be borne by those entities which are-in the'
best position to assume them. Any resource recovery project
is a.riskfsharing propositién; and how risks ére allocated
will.be determined in contract negotiations.

Weibéliéve that the most equitable form of risk sharing
is to guarantee solid-waSte disposal service at a.reasonable
price. Technical and operating risks are.borne by ué. The
communities"obligation is to deliver waste and pay the dis-
posal fees. This, we feel, represents a fair and equitable
business risk distributioh. -

With respect to revenue-related benefits, we are willing
to share éuch benefits so iong as we also share fhe risks asso-
ciated with gaining those benefits. Over the years, we have
seen in this market a prevailing attitude that there is '"gold
in garbage". One and one-half million tonsjlater; let me
assure evéryone here, we have yet to find any gold.' Refﬁse
has no value until it can be economically cénverted into ﬁseful
products. Our approach to'revenue—related'benefits is very
pragmatic: we will share revenué benefits, provided that the
basic economic integrity of the p?oject is maintained. This
is not-on1y<our poliéy, it is a requirement of the prospective
bond holders. Therefore, when indicating a preference for re-
venue shéring‘in RFP's, one hust-be prepared to aiso acéépt a
significant'fisk—sharing position.‘ In summary, we are prepared

to guarantee construction and operation of a refuse-to-energy
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facility, and are willing to share the revenue benefits and

the associated risks.

SUMMARY‘

Our approach’in the refuse-to—energy'busineSS is one of L
enthusiasm, optimism, flexibility, and confldence Our'five
.years of operatlng experlence has taught us a key lesson:
technology alone does not assure success; it also takes oper-
ating know-how, financial commitment3 reliable customer service,
.and dedicated hard work We are extremely confident that‘our
technology, 11ke that of our competltors in thls forum, is
readily'and commercially available to do the job. But it takes
more. . .it take knowledgeable beople who are highly'motivated
and willing to devote 100 percent to getting the job done.

Project success, as we know it, also means that our cus-
tomers are satisfied: municipalities do and should demand
long-term, reliable, environmentally sound and econohicai
) soiio waste oisposal'service We are fully confldent in our
‘ablllty to provide thlS level of service and have demonstrated
so at RESCO. »

In 01051ngAI would 11ke to say, for the record we are_
very exc1ted about the refuse to- energy bu31ness in the 1980's.
We are confldent that.there are amp}e opportunities for our-
selves andbour competitors, and that we can collectively con-
tribute a cleaner environment: to our nation, while conserving

‘valuable energy resources.
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- BRUUN SORENSEN HEAT RECOVERY
EXPERIENCES IN EUROPE AND APPLICATIONS
PROJECTED FOR THE UNITED STATES -

o Frank R. Ulbrich
Aerojet Energy Conversion Company
- and '
‘Niels T. Holst
Bruun Sorensen

Th1s paper is not available for pub11cat10n However, it will
" be d1str1buted at the conference :
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THE EVOLUTION OF MASS-FIRED
WATER WALL WASTE TO ENERGY TECHNOLOGY AS
PRACTICED. BY WIDMER + ERNST AG

BY

THEODOR P. ERNST, PRESIDENT
WIDMER + ERNST, AG
CH-5430 WETTINGEN, SWITZERLAND

INTERNATIONAL EUROPEAN‘WASTE-TO ENERGY
TECHNOLOGY CONFERENCE
OCTOBER 29-31, 1980

ABSTRACT

WIDMER + ERNST AG, a member of the Alusuisse Group, has
been a 1eader in the waste to energy field since, its inception
19 years ago. WIDMER + ERNST INC., a New Jersey corporation,
markets the European developed technology in the Western
Hemisphere. Fourteen plants are in successful operation in
Western Europe with a number of others in the design and/or
construction stage. WIDMER + ERNST INC. has been selected by
the State of Rhode Island for a waste to energy p]ant with a
daily capacity of 1,200 tons of waste.

"WIDMER + ERNST's system can be defined as mass-fired, water
wall using an unique grate design now in its third generation of
evolution. A1l plants are capable of, -and are currently meeting,
the most stringent environmental pollution codes in Europe.

At Ingolstadt, in Bavaria, W+E has in operation a codisposal
plant reducing both municipal solid waste and sewage s]udge to
ash. »

INTRODUCTiON

Normally a "lTecture on this theme would beg1n with the o1d
lamentation about the destruction of our beautiful environment
through todqy S society scourdey the Waste. -
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Let me say with Archimedes, in contrast to this:
Eureka - we have discovered a new energy source!

If we transform the energy carrier "waste" continuously
into the much desired form of energy "heat", we will at the same
time keep land, air and water cleaner, and thus we will make our
world a better place in which to live. :

Hence, this conference should not be held in a defensive-
mood, definitely not. Let us get acquainted with trustworthy
technologies, adapt .them, and put them into reality. On this
account I have nothing sensationally new to expose, no great
"scientific discovery to reveal, but just to give an account of
operating systems that have been built by the hundreds in Europe
and have been brought to a peak of perfection through systemat1c
evolution over decades

BACKGROUND

_A) History of System Development .

WIDMER + ERNST, a Swiss Engineering and General Contracting
Company, is today a subsidiary of SCHWEIZERISCHE ALUMINUM AG
(Swiss Aluminum Inc.), Zurich. Only by joining with this
internationally active group enabled us to secure growth in the
capital-intensive field of general contracting while at the same
time conserving our traditional dynamism.

WIDMER + ERNST owns subsidiary companies in the Federal
Republic of Germany and in the United States, and has a licensee
in Japan, as well as representation in a limited number of
industrial countries. Out of these countries we are working
on the development. of selected new markets which appear receptive
to our technology.

Since its formation in 1961, WIDMER + ERNST has been working
in the field of environment protection. OQOur company pioneered
the way - towards waste incineration technology through the design
of air pollution control installations for a wide range of
“industrial clients, among which were included existing and new
waste incineration plants. Thus -we had built, by 1968, two
refuse incineration furnaces with wet scrubbers and flue gas/flue
gas heat exchangers in tandem arrangement to reheat the saturated
flue gases, and which are still now in trouble-free operation.
(Figure 1)

A comparable milestone was the installation of two waste to
energy plants with fibrous filters which were equipped with
silicone treated glass cloth hoses. With this filter system an’
extremely deep residual dust concentration of 30 mg/Nm3 could be
achieved for the first time. . L T S

The plants are still to ‘this day operating uninterruptedly
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on. a 24-hours a day operation. To my knowledge, this waste-to-
energy plant with a daily throughput of 200 tons, and located
in the Swiss city of Neuchatel, is still the largest such plant
operating successfully on cloth filters (baghouse).

As a result of this company tradition, the effective flue
gas purifying, and thus the control of emissions, are our fore-
most concern.

When and why we entered solid wasté to energy business?

As outlined, WIDMER + ERNST entered into its actual main
activity, the Waste Processing Technology through the cleaning of
flue gases. The next step was to build turnkey waste-to-energy
plants acting as an engineering company, and .installing outside
grate systems and plant components. This way we were able to -
collect during the next 10 years valuable experience concerning
many different plants and systems

The fruit of this steady and harmon1ous deveélopment is the
WIDMER + ERNST Mass Firing Combustion with its own
combustion grate, residue removal system, and boiler concept.
19 years of company history, and the experience of our old
collaborators are all reflected in this design.

Under these circumstances the smallest plant with energy
recovery ever built by our company, with only a single unit of
120 tons/day, can be justified. It has a back pressure steam
turbine whose generator feeds, apart from the plant's demand,
energy to the public network. A steam/hot water converter with
heat accumulator supplies through a pipe network public buildings-
and residential areas with heating energy, and a laboratory with
process steam. (Figure 2)

This model plant with respect to energy recovery must meet
high requirements as to energy availability is concerned and has
been in operation for 5 years in the Swiss city of Buchs/SG, and
processes ‘also the waste of the Pr1nc1pa11ty of Liechtenstein.

It is now being enlarged by us via the addition of a second line.
(Figure 3) :

. B) Geographical distribution of installed systems

According to the just presented development of the company,
the largest proportion of the plants we have built are located
~in Switzerland, the Federal Republic of Germany, and in Belgium.
The German market has proved especially receptive to our
- technology.

WIDMER + ERNST can be very satisfied with its share of the
demanding German market.
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According to statistics, 92% of Switzerland's total amount
of refuse is currently being processed in modern plants. Apart
from 5 composting plants and a number of sanitary landfills,
these are only incinerating plants, and which operate according
to the mass -firing principle, namely 41 plants.

The mentioned, proud 92% reveal a clear sign of the market's
saturation. In spite of this, two plant expansions will be
ordered during 1980, namely one each for Zurich and Buchs.

C) System size

The smallest operating plant equipped by WIDMER + ERNST with

a mechanical grate has a furnace capacity of 50 tons/24 hours,
the largest one has a furnace capacity of 500 tons/24 hours.
The design series of W+E grates actually reach a capacity of 700
. tons/24 hours. This capacity is certainly not limited by the

‘design. We set it voluntarily, because we are convinced that
plants with a bigger furnace capacity would be, in the case of
the shut down of unit too severely impaired. 1In ‘addition, "there
is not yet enough experience available with units having capaci-
ties ranging substantially above 700 tons/day.

D) European marketing philosophy

It can be said that and this is easily demonstrated by lists,
of installed plants in Europe the refuse-to-energy plants
according to the mass burning system have become a traditional
technology with proven reliability over several decades. This
has been accepted practically without dispute. Consequently,
actual marketing efforts in the usual sense are only of a
1imited need. Exhibitions, congresses and technical journals
are the usual means for professional marketing. Furthermore,
every serious supplier knows the actual projects and can decide,
after judging his own market chances, if he desires to partici-
pate in the bidding.

Due to the noted traditional approach in Europe perhaps 80%
of the projects are turnkey against a lump sum price. As -an
exception a client still may place the order for the building.
with surrounding works or the whole electric installation
separately. In such cases the overall technical management
is provided by the client's engineering company in cooperation
with the supplier of the plant's process engineering part should
be, without exceptions, in one and the same hand. There is no
objection against the separate allocation of the building, pro-
vided the responsibility for the planning is clearly defined.

According to my knowledge, during the last years not one
waste to energy project was built in Europe on a "cost plus"
basis. * At the time of tendering (RFP) the following items are
usually already settled in advance.
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a) - Constitution of users union or respons1b1e builder.
- amount of waste to be processed
-.System selection (mass firing or RDF, or compost, etc.)
- Energy consumer '
- Site
- Financing
- First phase of license procedures and obtaining of permits
- First phase of subvention procedures

With these important areas of the project determined:

b) - The project realization is secured
- The number of workers can be reduced
- The decision phase is shorter (the bids remain valid)
- The costs of bidders can be kept within reasonable limits.

3 .
According to our experience, in the USA major attention
should be paid to this second point, because in many cases the
projects are presented for tendering far too early, and before
all points under a) are clearly determined. This creates delays
and increased costs.

" TECHNOLOGY

A) Design Features

.As already mentioned in the introduction, our company has
decided, after a step-by-step evaluation of operational exper-
ience, to adhere to the firing and boiler concept shown in the
‘cross section of a Figure 4. We are convinced that with-its design
we have found a solution which enables us to reach the reliabil--
ity of conventional power plants fired with fossil fuels
- the operational and sales results confirm this affirmation.

The WIDMER + ERNST grate operates according to the advance
cascade principle, whereby it has been decided to renounce fully
to the conveyance through gravity (inclination of the grate).
Thus, the residence time of waste on the grate depends,
independently of the waste composition, only on the mecharical
conveyance capacity of the grate. In order to attain an optimum
achievement of this aim, every second step has been provided.
with an independent hydraulic drive. To exercise an optimum
influence 'on the combustion process, e.g. on the arrangement of

~ the Pre-drying zone,
- the Combustion zone
- the Burn out zone

on the different grate steps, as well as the1r stroke and cadence
(dwell time), a free]y programable contro] has been provided.

With this high degree of flexibility the adjustment to
match the changing composition of waste from plant to plant or
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from one season to another is efficiently easily done at the
control desk, without any intervention in the mechanical part.
(Fjgure 10)

The grate bars.are force-cooled from the inside by the flow
of primary combustion air, This makes the grate specially suited
for waste with a high heating value. The bars of each grate row
are pressed together by pressure plates on each side of the grate
These plates also allow for thermal expansion of the grate layer
ensures good air distribution even for very different waste
bed densities due to highly heterogenous waste which in turn
provides for a good combustion, It is easy to understand that
air-cooled grate bars have lower material temperatures which
result in a longer life span. A compact, continuous grate layer
"reduces siftings to a minimum which improves the residue quality
and, at the same time, the thermdl.efficiency.

The flue gases ascend with an even CO, surplus in the
combustion chamber and before they enter tﬁe'first boiler pass
they are intensively mixed with secondary air. The secondary air
emerges with high velocity from two opposite rows of nozzles.
This secondary oxidation process combusts mainly the carbon which
emits from the volatile waste components.

The steam boiler according to the WIDMER + ERNST concept
consists mainly of a three pass radiation section (water wall)
and a horizontal convection section.

‘Whereas for early boiler designs short intervals between
overhauls and also poor life span expectancies due to erosion,
high-temperature corrosion, and heavy fly ash caking (incrusta-
tions), were characteristic, these problems can be eliminated
with this new design. The relatively long flue gas residence in
the radiation section ensures a complete flue gas oxidation. The
180° divertion from the second to the third pass produces a first
separation of coarse fly ash particles (about 30%) due to the
centrifugal effect. 1In the three passes a rectification and a
relaxation of the flue gas stream takes place which results in a
regular flow through the convection zone equipped with tube -
bundles. '

In the convection zone with horizontal gas flow, the super-
heater, the evaporator and the economizer are arranged with
enough interspace to allow for inspection and maintenance,.

A11 banks of tubes are suspended from the top. Depending
on the building configuration, they can be assembled and
disassembled either from above or from the side.

Due to the fact that an important amount of energy has
already been released as well as fly ash has been removed from
the flue gases in the radiation zone, the flue gases enter the
first superheater tubes with a temperature of only about 6000 C.
Furthermore, no flames can reach the tubes. The reduced fly
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sh quantity which sticks loose to the tubes has lost its
aevastating fouling and caking characteristics.” The cleaning of
the tubes can therefore be achieved by using the proven technol-
ogy of mechanical rappers (as often applied in electrostatic .
" precipitators).

Soot blowers with their erosion effect on the tubes, their
high steam consumption, and their high installation and main-
tenance costs, are fully eliminated. o

According to our current experience, the on-stream time
between overhauls of a boiler equipped with the described
cleaning system is up to three times longer than that of the
best up to now installed other boiler designs.

The main characteristics of the WIDMER + ERNST and boiler
concept can be summarized as follows:

Combustion

- Cascade feed step grate

- Independent hydrau11c drive for each movable grate bar row

- Air cooled grate bar

- Compact grate layer for optimum primary air distribution and
minimal siftings.

- free]y)programab]e contro] of grate movement (independent
drives

- Multi-nozzle input of secondary air (vortex zone)

Steam boiler

- Threepass radiation section (water wall)

- Centrifugal dust separation (between 2nd and 3rd pass)
- Horizontal flow convection section

- Only hanging tube banks

- Tube cleaning by means of mechanical rappers

- Long on-stream time between overhauls of the boiler

Residue removal

- Hydraulic Ram type

Environmental standards

Instinctively for many people waste incineration plants still
are tainted by ugly dust and offensive smell emissions. Poorly
designed and improperly operated plants as well as the nature
of waste as a fuel have presented this prejudice to our industry.
Many waste incineration plants located in residential areas
‘prove that nowadays, with modern and conscientiously operated
"~lants, this annoyance can be and is being eliminated.
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Thus the legislators rightly impose strong regulations
concerning every kind of emissions. From our experience all up
to now demanded emission rates can be attained; it is only a
matter of costs. If we compare some European regqulations with
different American standards it shows clearly that in Europe
there is a tendency towards lower emission rates. Especially
in the most important market for us at this time, the Federal
Republic of Germany, the flue gas scrubbing to eliminate gaseous
components is generally required. To be objective it has to be
added, however, that all our facilities achieve emission levels
that are substantially below these Timits and that this goal has
not been achieved without taking into account important sacri-
fices for deveTopment costs.

Separation of particu]ate'mattér

The way towards the most suitable air pollution control
equipment led throughcyclons, wet separators, baghouse filters,
which is definitely and uniformly utilized by all plant builders
to the electrostatic precipitator. Provided it is correctly
dimensioned, the electrostatic precipitator practically main-
tenance free and fulfills all requirements. Although a large«
number of companies manufactured electrostatic precipators,
the experienced plant designer and -filter manufacturer have
conserved some of the "tricks" which ultimately will ensure that
the later plant operators becomes a really satisfied client.

By stating this we think about the correct selection of the gas
velocity, the design of the .inlet and outlet cones, the inclina-
tion, insulation and partial heating of the ash conveying
equipment and its dimensioning. For example, fly ash is very
erosive, hygroscopic and tends to bridge building in hoppers.

Thick walled, slow running and overdimensioned screw
conveyors have proven to be the most suitable equipment for
fly ash conveying. Provisions for easy removal and installation
have to be made since the conveying screws have to be removed.
and overhauled every one to three years. (Figure 5)

Gaseous emissions

Halogen-Control

Chlorides and Fluorides are the most common halogens present
in municipal waste. According to German (and Swiss) federal
regulations the emission of HC1 corrected to 7% CO, is not to
exceed 100 mg/Nm3 or 62 ppm and HF is not to exqeea 5 mg/Nm3 or
approx. 6 ppm. In practice, lower values than required are
achieved by means of scrubbing the flue gases after ESP in wet
gas scrubbing systems, e.g. at our designed plant Stapelfeld
Hamburg, the HC1 and HF emissions during control tests showed the
following results: o
HC1 content before scrubber 1930 mg/Nm3 or 1200ppm
HC1 content after scrubber 68 mg/Nm3 or 42ppm
HF content before scrubber 12 mg/Nm3 or  13ppm
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F content after scrubber 0.5 mg/Nm3 or 0.6 ppm

Additionally to Chlorides and Fluorides, Bromide and Jodine
are present in industrial waste. These halogens can be
controlled by incineration of wastes containing halogens with
wastes containing sulphur. This way the danger of corrosion
damage by halogens is reduced. In industrial waste the HC1 con-
tent may vary between = 1000 - 10,000 mg/Nm3. The available
scrubbing systems are able to handle these variations.

Other gaseous emissions

SO0,, NO_, heavy metal oxides are other air emissions from
the co%bust%on of waste. SO,, emissions from the combustion of
waste is usually about 500 ma/NmB or 175 ppm, which is lower than
coal (approx. 1000 ppm) or oil fired plants (1200 ppm). The
temperature in munigipa1 solid waste incineration plants is
between 900 to1100 “C, which is not favouring the formation of
NOX. The measured NOX emissions in our plants varies between
50"to 100 ppm. Heavy'"metal oxides such as ZnQ, PbO, HgO, CdO
are also present in flue gases. Their particulate size is so
small that they are not separated in ESP. They are in size
range of aerosols. For their separation an aerosol separator
after a wet scrubber is used. According to our knowledge,
aerosol separators achieve efficiencies that are higher than
99%, e.g. if the heavy metal content of the inlet of a wet gas
scrubber is approx. 450 mg/Nm3 the heavy metal content at the
outlet of a wet scrubber is approx. 2.3 mg/Nm3.

The probability is high that waste containing polychlorin-
ates is with municipal waste (e.g. impregnated wood, pesticide
cans, radio condensers, etc.) In this case, if the combustion
is not carried out properly, i.e. the temperature is below 800"C,
dioxines and furanes are formed. The highly toxic isomer of
dioxine and furan (TCDD, TCDF) exist in such small quantities
that special instruments for their detection are necessary.
However, appropriate design of the combustion process equipment
and adequate operating procedures eliminates the emission of
these toxics. -

Water effluents

The following p]aht components can produce sewage water, either
continuously or intermittent, depending on the system:

Boiler: Blow-down water
Wet residue

discharger: Excess Water
Flue gas

scrubber: Sludge

Aside from the water consumption as such, sewage from a waste
incineration plant always causes concern. Be it because of
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progressing obstruction of sewage water conduits, the
overloading of public water tratement plants with heavy metals
@nd salt loads. WIDMER + ERNST has set itself the task of
developing waste processing plants without generation of
sewage. This is achieved through the proper selection of plant
components and processes as well as appropriate design of the
plant.

Residues

Most of the medium-size plants in the capacity range between 200
and 500 tons/day in Europe are equipped only with ferrous metals
separation, or the residues are deposited without any further
treatment. The sites for residue deposits are selected accord-
ing to very severe guidelines in order to avoid ground water
pollution. Furthermore the leachates are examined periodically
with respect to their chemical composition. Comprehensive test
series have been carried out to study residue recycling and the
equipment and the processes are known and tried out. -However,
realization failed in many cases due to unfavorable economics.
This refers to most of the medium-size plants.

However, recent projects in the capacity range between
1,000 and 2,000 tons/day include often residue treatment
processes.

Hamburg has, for example a common residue treatment install-
ation for all three waste 'to energy facilities. Its main.
product, road building material is, by the way, in great demand.
(Figure 6)

Figure 7 shows the basic 1ayout of such a plant.

B) Design advantages

The construction of waste to energy plants is more than
just a handicraft, it is an art. An art is not easy to define
and analyze; all of us know this.. Before the realizing phase
there is the basic idea of .the process - the philosophy. Let
us look at observations in this context that are generally valid
for mass burning Systems as compared to other processes.

1. Refuse as an energy carrier is - considering its
calorific value - voluminous, hence its transportation
and intermediate storage are uneconomical. WIDMER +
ERNST builds, therefore, only plants that lead in one
single process step from waste to the final product
steam or electricity. The conversion into a fuel of
arbitrary composition and grain as a first step followed
by the transportation to a second plant with the purp-
ose of burning it and producing -energy is econom1ca1]y
disadvantageous. Here, from our point of view, are
some of the reasons: . '
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a) This kind of fuel production is expensive (investment
~and operational .costs).

b) After the fuel treatment residual matter remains which
cannot be readily disposed of and has to be submitted
to further costly treatment.

c) Transportation of fuel from the treatment plant to the
thermal power plant, considering its calorific value,
is a burden for the profitability account and consumes
valuable energy.

d) _.The combust1on chambers and boilers of a thermal power
plant are bas1ca11y designed for a different fuel. Refuse
derived fuel is, therefore, only an auxiliary or standby
fuel for which the system never has been designed. The
combustion quality as well as the boiler soiling constitute
an additional uncertainty factor which is finally reflected
in the price.

e) As .far.as we know, it is nowadays impossible to obtain
long-term contracts with price and delivery taking
commitments for RDF. This uncertainty complicates the
project f1nanc1ng

The direct conversion of waste into steam or electricity

doesn't encounter all these problems. Furthermore, this

process has proven its suitability through a great number of
operating plants.

2. A process for the thermal conversion of waste should be
designed and built in such a way that no preclassification,
homogenizing, and preliminary shredding are necessary. If in
special cases a preseparation should be desired for material
recycling reasons, it can be.-done. However, the operator
should be aware of the.commercial uncertainties involved., In
any case, from the point of vicw -of combustion it +is.unnecess-
ary for the mass burning system. The experience has proven
that it is best to leave it fully to the fire to take care of
the conversion of heterogenous waste into heat, as nature shows
us. The mechanical crushing by means of mills, shredder, or
shears requires a great deal of expense, energy, spare parts
and maintenance. Also ‘the additional investment costs should
not be disregarded. .

In full compliance with the guaranteed Timits on burn out
and emissions and keeping a constant steam or-electricity
production with a maximum deviation of + 5%, the mass
burning system does not require any preT1m1nary treatment.

3. THE WIDMER + ERNST Mass Burning System

The rightness, or - to put it more modestly - the useful-
ness of the process philosophy has been confirmed by
operational experience.
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Let me unfold now some characteristics of the plant building
trade, as our company does it built on a foundation of many
years experience.

3.1 The grate and, combustion system does not need any waste
pretreatment, : '

3.2 The waste feed can be controlled in such a way that the
‘steam, respect1ve1y electricity generat1on, remains constant -
within + 5%. ‘

3.3 The combustion grate is extremely adoptable and can be
applied to process any kind of municipal and industrial waste.
The main reasons for this wide operational range are:

- Single stage grate drives :

- cantinunusly controlled wastc conveyance-

- poking effect

- efficient primary air distribution

- force-cooled grate bars
. 3.4 The steam boiler specifically developed for the combustion
of waste allows for onstream times between overhauls of up to
20,000 operating hours.
The fo]Towing design characteristics led to these results:

- generously dimensioned radiation section with 3 empty
water wall passes.

- preseparation of course fly ash before the convection
section.

- Total burn-out of the flue gases before entering the
convection section.

- Low flue gas velocity in the whole boiler.
- Good cleaning effect of the'répping.device.

The horizontal arrangement- of the boiler results furfhermore in
lower bqi]dings and thus in more aesthetical building contours.

3.5 We guarantee a residue quality with a maximum content of 5%
unburnt matter, whereby less than 1% is normally achieved. This
is due to:

- optimum_ combustion on the grate

- minimum grate sfftings thanks to a compact grate layer.
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he ram type residue d1scharger installed inour standard plants
nas

- low water consumption

- no overflow water

- a residue discharge with low water content, leading to
m1n1ma1 1eachates at the landfill.

In accordance with recent practice the fly ash is no longer
discharged together with the combustion residues, but stored
separately. Fly ash mixed with residues makes their use for.
road building material difficult. Furthermore, contents more
heavy metals than unmixed residues.

3.6 The flue gas cleaning system is the last active treatment
stage in the process and determines, in conjunction with the
combustion quality, one of the most important evaluation criteria
of a plant: the particulate matter emission of the flue gases.

As already mentioned before, the electrostatic precipator
has become standard equipment for fly ash separation. ' If
required by law, as is the case in the Federal Republic of
Germany, the maximum concentration of HCL, SO and F1 will be
guaranteed as well to achieve this, we install low pressure
wet scrubbers as a second cleaning stage after the electrostatic .
precipitator. Actually this device is the only one which has
proven its effectiveness in practical service for this demand-
ing task.

Usually_in Europe the particulate emissions are 11m1ted

to 100 mg/Nm3 However, limits down to 30 mg/Nm3 can be
guaranteed. Our company has - I mention this with satisfaction -

complied with the guaranteed emission limits in eveny one of
the plants we have built. .

These are some main design advantages of the WIDMER + ERNST
refuse-to-energy system. Philosophyand art: in practice both
must serve

- environmental protection
- operational reliability
- profitability

and this they have done.

C) Cu-disposal of s50lid waste and sewage sludge

In Europe the treatment of waste and waste water of a city
or a region generally falls under the competence of the same
authority or administrative branch. The administrative coopera-
tion and eventually the centralization of a resource recovery
nlant and a sewage treatment plant on the same site is in every,

ase economically and operationally advantageous.
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This fact, as well as the still missing economic solution for
.hygienic disposal of the great sludge quantities produced

by sewage treatment plants, has kept on giving impetus to the
common treatment of refuse and waste water.

WIDMER + ERNST designed and constructed 5 years ago two
installation for the codisposal of waste. (Figure 8) According
to the now available operational experience, the applied process
can be evaluated as being reliable. and economic because the
energy for combustion chamber of the furnace (Figure 9). The
vapours from the drying process are brought back into the combus-
tion chamber, where they are thermically treated (burnt) and thus
deodorized. The process works as follows:

Sewage sludge is mechanically dewatered to approx. 75%
moisture content and conveyed by means of conveyors to all
working tank located above the furnace. The sludge is extracted
from the working tank, and conveyed to a twin shaft mixer of
the screw conveyor type In the mixer, the wet sludge is mixed
with already dried sludge to a mixture with a moisture content of
35-40%. The mixed sludge in trickling form is inserted into the
flue gas down .ducts. Hot flue gases with an approximate
temperature of 7500C (13809F) are extracted from the furnace and
flow through a downcoming duct, to a grinder (hammermill type).
Before the hot gases and the sludge reach the hammermill, the
heat exchange and the evaporation and drying process starts In
the mill the sludge is disintegrated into very small particles
(dust) and dried under the influence of heat.

The gas-sludge mixture flows through a vertical upwards
duct, where the final suspension drying takes place.

In the cyclone, the sludge is separated from the flue gases
and falls via a rotary valve, and a duct into the dry sludge
storage tank. The moist flue gases are reintroduced into the .
combustion chamber through the secondary air system by the
aid of an exhaust fan. The flue gas $tream is controlled by
dampers and can be by-passed into the extracted flue gas
stream to maintain any set temperature.

The separated dried sludge with a moisture content of
10 - 15% in the dry sludge storage tank is extracted via rotary
valves, and used:

- to be mixed with the wet sludge and

- to be introduced and burned in the combustion
chamber in suspension above the grates with dust
burners.

A certain amount of dried sludge has to be stored in the
intermediate tank for- the purpose of mixing to the wet sludge
at start-ups.
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Wherever necessary the installation is insulated against heat
losses. ' o - '

An automatically operated measurement and control system allows
supervision and control of the installation from the main contro]
room. (Figure 10)

Fans generate the necessary air for pneumatic transport of the
dry sludge to the refuse incineration combustion chamber. The
burners are developed to burn dried sludge and ensure a fast
~and total thermal reduction of the sludge in suspension above
the grates. (Figure 11)

During several years the dried sludge has been analized by
the environmental protection authorities of the state of Bavaria
in Munich with respect to its heavy metal contents. The results
show such a low heavy metal concentration in the sludge. produced
by this process that the authorities have authorized its use in
agriculture.

A remark on the odor guestion!

A1l sludge conveying and storage elements are fully enclos-
ed and under negative pressure. The vapours from the drying
process are burned in the furnace. After total oxidation any
odors are eliminated.

D) Steam conditions

Following Table I shows the.steam data of some plants in
operation or under construction.

TABLE I
Resource Recovery Facility Temperature Pressure
Of Oc psig bar

Baden; Neuchatel, Werdenberg 752 400 580 .- 40
Fuerth _ - | 304 151 72 5
Hamburg - i 707 375 392 27
Bielefeld 752 400 580 40
Ruhr Mitte I1I 680 320 - 464 32
Schwandorf ' 770 410 1059 73
Nyborg : 464 240 174 12

Our general opinion is that it is better to sacrifice some of
the turbine efficiency through somewhat lower steam conditions
but ensure a high reliability of the installation and a long
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~boiler life span. Based on operational experience, it is,

general practice in Europe to ' choose lower steam conditions
in spite of major improvement  in the design of steam boilers
We recommend the following steam conditions:

Temperature 750°F 400°¢

Pressure 600 psig 41 bar
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OPERATION

A) Operating experience
1. Personnel requirements .
The personnel requirements depend on:
‘the technical design of the plant
the number of process lines
the operational program (times of delivery,
number of shifts)
the weekly working hours according to law
the general training level of the employees and,
a limited extent, on the process capacity.
The following table shows the personnel of some
plants without considering the plant's management
and the commercial employees.
TABLE II
(%]
+—
o— > 2
| -
52|55 No. of Personnel
»n| o > .
o o e Reception
R Plant = No. Maintenance
< Energy o Shifts per Cleaning ;
o Production © |Per Wk.|Shift Reserve Total
A 121 100 [ No heat CH 3 2 5 11
recovery
‘B {2] 180 | No heat
recovery
Sludge
_ " | Codisposal D 4 7 6 34
C {1 120 [ Electr. Prod. |CH 4 2 3 11
and district '
heating
D {2/.100-| Electricity CH 4 3 9 21
production : .
E {2 100 | District _
heating D 3 4 3. 15
F {2 450 | Electricity
production D 4 6 - 21 45
G |2 300 | Electricity
production CH 5 4 22 42
H 1 400 Electricity CH 5 3 17 . 32
"production :
I |4 600 | ETectricity South :
production America 5 8 22 62
K {3l 400 | Process steam | USA" 5 5 22 47
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2. Maintenance and replacement

Should a resource recovery pltant with energy production
attain the operational reliability of a thermal plant a rigorous
inspection program must be carried out. The nature of waste as a
fuel requires more maintenance time than a conventional thermal
power plant. 1If the inspections are carried out seriously ‘and
according to a program, malfunctions will not occur more often
than in a conventional power plant. The inspection program
should include the preplanned exchange of spare parts. This
work requires a careful control of wearing parts by an experien-
‘ced professional during the main inspections.

~ If signs of wear are discovered, they can be appraised and
evaluated, and, if necessary, the needed replacement material
and personnel can be prepared for the next maintenance shut down.

We recommend to our clients an inspection program based on
operating experience because we are convinced that such an
approach will pay for itself.

‘It is obvious that the inspection times of the single
process units must be shifted, and the maintenance shut down
should be scheduled for periods with reduced waste deliveries
(before or during fes wvity days, during holidays), seasons of
low waste generation.

‘Design versus actual throughput

It is principally wrong, or at least not sufficient, to
evaluate resource recovery plant with enerdy production in terms
of its throughput in tons per hour or per day. As a thermal
installation,all its active process components are limited by
their thermal capacity. Only for the combustion grate design is

the weighted refuse throughput relevant. The reduced throughput
of resource recovery plants in the course of operational Tlife
does not, by all means, 51gn1fy that the plant capacity has
diminished because of aging. According to all researched sta-
tistics ‘available it.can be proved that the waste calorific
value in a determined city or region increases through the years.
Therefore, at a later time the same plant must burn less fuel

to produce the same amount of energy ar, in other words, the
plant's throughput could be lower in tonnage.

For this reason every statement about throughput capacity
must be coupled with the corresponding waste calorific value, as
the combustion diagram shows.

To determine the yearly throughput for planning purpbses we
calculate the availability for each unit to be max. 7500 hours
per year.

The maintenance and personnel qualify, as well as, to a
certain degree, the age of the plant can influence this value.
¢
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New plants can operate for over 8,000 hours per year. In
older installations this va]ue can be reduced down to about
7 000 per year.

ECONOMICS

1) Introduction

Many times experts have tried to establish a general over-
view of economics of resource recovery in Europe. However it
has proven impossible to generalize or even to find a certain
range that can' be applied to operating costs of existing plants.
Our company has often been asked by Americans who visited plants
in Europe. How can you predict reasonable costs for facilities
in the USA if in Europe your costs per ton are, first of all,
very high and secondly differ from place to place.

There are numerous reasons for this. The main ones are
lTisted below:

- Most of the European plants are operated by municipalities
or regional government authorities. This makes it in most
of the cases impossible to apply correct cost figures to
the plant operat1on °

- Overcapacity: Most plants are designed not only to last for
20 years and more, but also to -accomodate éxpected waste in-
creases over the long term. This leads automatically to an
~economically insufficient utilization of the plant during the
first years and somet1mes, if the projections do not work out,
for extended periods.

- Philosophy: European countries developed resource recovery
earlier than the USA out of pure necessity. Land availability
for landfills is scarce and leachate and air pollution
_problems connected to landfill operations have been recognized
a long time ago.

Therefore, socio-ecological considerations were the main
-factor in promoting resource recovery. Although economics are
of course a decision making factor in selecting a contractor,
it is accepted that resource recovery costs norma]]y are some-
what h1gher than landfilling. . Resource Recovery is a solution
to a serious problem and to pay a price for it should only be
reasonable.

The following will give some insight into the economics of
resource recovery using costs applied by our company for the

~ US market.

2) Faci]ityrcosts, finance costs, debt service

For our examp1e we use a medium to large siié facility
capable of processing approx. 500,000 tons of solid waste per
year. Assuming an 85% ava11ab111ty the plant must have a
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design capacity of 1600 tons per day. We further assume that
for reasons of continuous _operation 3 independent process lines
will deliver 600 psig/750°F steam to a nearby plant that can
use all of the steam produced by the resource recovery facility
on a continuous 24 hr/day, 7 day/week basis.

The resource recovery plant will have approx. 4,200 1bs.
of steam for sale for every ton of solid waste processed, or
2.1 billion 1bs. per year. If this steam replaces steam pro-
duced by o0il fired boilers, a price of about $7.00 per 1000 1bs.
should be a reasonable incentive for the steam user to buy it.
The steam sales plant revenues would therefore be 14 7 million
dollars per year.

Capital costs are estimated at 70 million dollars.
Depending on the type of financing, the total capital to be
covered will run about 100 million dollars. At a 23 year
amortization rate (3 years construction and 20 years operation)
the annuity will be 11.26%, assuming a 10% interest rate.

The debt service therefore totals 11,260,000 dollars per year or
22.52 $/ton.

3) Tipping fee

-]

The tipping fee, to be paid to the plant operator, has to
cover the differential between the operating costs plus debt
service and the revenues from the sale of energy. In the follow-
ing table we show a typ1ca] calculation to establish the tipping
fee.

If the operator is a private entity (perferably the
designer/constructor of the facility) his profit will normally
be a percentage of the energy revenues in the range of 10%,
plus a fixed fee.- Participation in the energy revenues gives
the operator the necessary-incentive to operate the plant at
optimal efficiency throughout the whole contract.

We did not include in the overall plant economics possible
revenues from the sale of secondary materials. Markets for
these materials tend to fluctuate significantly and unpredict-
ably. -This type of revenue stream has to be handled on a
short-term basis and any such income normally is split between
the operator and the communities on a yearly basis.
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| TABLE TII
CALCULATION OF DISPOSAL FEE  (in July 1979 Do]]ars)

Facility with 3 units @ 535 TPD = 1605 TPD
Yearly throughput: ‘SOO,OOOIfons = 85% of capacity

COSTS L  $/YEAR  $/TON
Personne]l L - 1,500,000 3.00
Maintenance ‘ 2,000,000 4.00
Utilities . ' 1,250,000 2.50
Insurance,M1sce11aneous 350,000 0.70
Residue Disposal 1,500,000 3.00 !
Management Fee. (fixed part 350,000 0.70
Land Lease , 100,000 0.20
Fee to host commun1ty, in lieu

of taxes 500,000 .1.00
Debt service 11,260,000 22.52
TOTAL COSTS ‘ | - 18,810,000 37.62
REVENUES |

90% of steam sales o 13,230,000  26.46

(7.00 per 1,000 1bs.)

. NET- TIPPING FEE o 5,580,000 11.16

4) Conc]usion'

This given example, while simplified, represents a fair
evaluation of the economics of a resource recovery - -facility.
The figures can of course vary qepend1ng on;

- plant size
- energy customer
- type of financing
- type of operation
-_ut111zation of capacity
others _
Wh11e the tipping fee could seem: noncompet1t1ve to Tandfill in
many cases, - a few facts should be kept 1n m1nd

A) The tipping fee at a landfill or a resource recoyery
facility is only a relative sma]] part of the total disposal
costs for waste. :
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B) Consequent upgrading of existing landfills or preparation .‘
of new ones in compliance with RCRA regulations will skyrocket
landfill rates in the near future. Many will close-and haul

distances will increase substantially.

C) Resource Recovery, if the mass-burning water-wall system
according to proven European technology is applied, can be

" placed in locations centroid to the waste generation and elimi-
nate long and fuel expensive hauling distances. ‘

D) Because a large part of the operating cost consists of debt
service at a fixed rate, on]y a part of these costs will escal-
ate due to inflation.

E) Because it can be assumed that energy prices will continue
to rise faster than general inflation, revenues from energy
sales will contribute more and more over time.

F) Taking into account the facts of D) and E) tipping fees will"
rise at a lower rate than inflation and might even level off
quickly, or-go down over time. This cannot reasonably be assum-
ed for hauling and disposal at landfills.

A11 this should help to convince the public and officials
that resource recovery is economically feasible besides being
a necessity to guarantee a safe environment and quality of life.

AMERICAN MARKETING PHILOSOPHY

A) Arrangement with European System Developer

On the American market, WIDMER + ERNST works exclusively
through its own subsidiary company WIDMER + ERNST INC., New
York, and not via a license. The technical management of the
company is in the hands of an engineer from the parent house in
Switzerland, who in the last 15 years has served uninterupted]y
in different positions in the resource recovery field both in
Europe and the USA.

The management, marketing. and selling are in the hands of
American with industrial experience. The basic engineering for
each project is worked out in the parent company in Switzerland
and put at the disposition of our ‘New York team. Based on this
work and keeping constant contact with the parent company, the
plant's components are selected among the vast range of products
that American industry offers. To guarantee an unchanged qual-
ity only the combustion grate and the -residue discharger would
be delivered from Switzerland.

In the case of an order, an exper1enced project manager
from the parent company, having experience with the latest plant
developments in Europe, takes over the supervision on the project
relaization. The remaining personnel would. all be Americans. .
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he direction of the'start—up and the local personnel training
is also reserved to specially trained personnel from Switzerland.

The training of the plant manager and the shift supervisors
takes place at similar plants in Europe. We are convinced that
in this way we offer our American clients the utmost degree of
certainty that our proven technology and experience in

plant engineering,
plant construction, and
plant operation

will be optihaL]y transferred. However, the hardware shall be
procured exclusively from American industry.

B) Sales approach

"Presently we confine for the most part our activities to
projects stemming from RFP's. The development of our own pro-
jects from scratch requires too.large an investment in people
and in particular-time. When in days to come.-mass burning
systems will have achieved a breakthreugh on the European scale,
the sales approach will certainly have to be changed. The
cession of sybsystems to Architect & Engineering and constructors
under our general management is realizable, whereby we prefer
the cooperation with efficient companies in the area where a
plant is to be constructed. - :

C) Procurement approach

The usual European practice for the construction and
operation of resource recovery plants in that the specialized
company making the process engineering part acts as a general
contractor who builds the plant on a turnkey basis for the
client. In most cases, however, the plant is operated by the
city or the administration union. In France a larger number of
plants are operated by private firms which act on behalf of .
public corporations like the city's users union., We have built
several plants acting as the responsible member of a syndicate.
The other members were, for example, local Architect and
Engineering companies, manufacturers of main process components
(for instance, electricity generating installation),. or the
~civil works contractor. In any case the overall technical
management and therefore also the overall responsibility should
remain in the hands of the company providing the process
technology. \

- The question if the conventional Architect and Engineering
can be applied for the construction of refuse incineration A
plants should be examined very carefully in each particular case. '
Rasically the question could be answered in the affirmative, ‘
yrovided the overall responsibility for the process technology .
and financing are legally settled.
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The conditions for a successful business for all concerned are:\

1. a perfectly functioning plant

2 secured waste delivery contracts

3. secdred energy purchase contracts

4 a competénf and uninterrupted p]aﬁt operatfbn
5. compliance with all environmentai requirements

if with these five elements a profitable business can be proved,
investors will always be found. : '

WIDMER + ERNST guarantees the capacity and the quality of the
plant. This is our accustomed activity.

In addition we also gladly operate the plant on behalf of the
client. If a capital participation or a full plant .ownership.
can be realized depends on legal and commercial conditions .in
each specific case. As businessmen we never would refuse a
good deal, knowing, however, that possible success is always
coupled with a calculable risk. (Figure 13)

SUMMARY

A) Background

WIDMER + ERNST, a Swiss company and member of the ALUSUISSE
. group, has an outstanding track record of 19 years in the
environmental protection business. '

The first refuse-to-energy plant with electricity production
that we built was operational in 1970 and is since then working
at full capacity and without interruption. Subsequently we
realized a considerable number of plants acting as general
contractor, partly alone, and partly as the responsible member
of a syndicate. » IR

The main markets are at this .time Switzerland, the Fedeial
Republic of Germany, Belgium, and recently also the USA.

With satisfaction we state that all plants we have buil:
up to now are working to the full satisfactions of the clients,
and comply with the required capacity and emission limits.

~B) Technology

The new W+E step grate with single drive, (on 3rd genera-
tion of grate design) as well as the steam boiler concept with

rappers for the tube cleaning especiglly developed for the waste
enngy process have made an gncoBrag?ngymarket Breaﬁtnrough.
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..Alone in Germany there are at the time three large plants under
construction by WIDMER + ERNST.

The electrostatic precipitator proved to be a highly
efficient flue gas deduster. Although they are up to now re-
quired only in German, WIDMER + ERNST has a wealth of experience
with the design and construction of wet scrubber and their
demanding auxiliary elements for the separation of the gaseous
components HC1, 502, and F1.

WIDMER + ERNST builds also plants for the conversion of
combustion residues into road building materials. The Ingolstadt
plant with two co-disposal units for sewage sludge and solid
waste has finished a five year operation phase and can, there-
fore, be qualified as a proven and very economic process.

C) Economics

The economics of recovery in Europe is quite different from
that of the U.S. Market due to plant ownership, operating
philosophy and accounting methods.

U.S. plants have two basic income streams - tipping fees
and the sale of energy. That must cover the three major cost
considerations namely 1) Capital costs 2) Interest expense
3) Annual operating expenses.

D) Marketing approach

The American continent is exclusively served by our own
subsidiary company in New York, WIDMER + ERNST INC. The
management and the sales department are in the hands of an
American citizen with great industrial experience, whereas
the technical management has been confided to an experienced
engineer from the parent company.

The basic engineering for every plant comes from Switzer-
land, whereas the plant design and the selection of components
manufactured by the American industry is done from New York.



Figure 1.

Wet scrubbers and flue gas/flue gas heat

exchanger in tandem Hamburg Plant.

Figure 2.

Steam/hot water converter.
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ity

Figure 3. Smallest plant with energy recovery 120 TPD (Werdenberg Plant).
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1 Tipping area 12 Stack
2 Waste bunker 13 Fly ash conveyor system
3 Grane 14 Grate siftings chain conveyor
4 Crane control room 15 Ram discharger for residues
5 Charging hopper 18 Glinker conveyor belts.
bustion chamber 17 Clinker bun)
7 Grato W-+E system 18 Clinker crane
8 Steam boll 19 Combustion air fan and
trostatic precipitator air pre-heating
10 Induced draft Secondary air fan

20
21 Turbine/generator

Figure 4. Firing and boiler concept (Bielefeld Plant).

Figure 5. Fly ash hoppers of boiler and electrostatic precipitator.
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Figure €. Hamburg Plant.
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Figure 8.

Ingolstadt plant.

Figure 9.

Flue gas extraction from combustion

chamber (Ingolstadt Plant).
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Figure 10. Control room of the Hamburg Plant.
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SEWAGE SLUDGE PROCESSING

PRETREATMENT STORAQK PROCESSINQ/DRYING BURNING
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Hammer mill

Figure 11. Sewage sludge processing.
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Figure 12. Hamburg Plant under construction.
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DOMESTIC REFUSE INCINERATION WITH THE KATY SEGHERS SYSTEM.
PRESENTATION OF THE PROCESS

Ir Fernand Dé Geyter
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Brussels, Belgium

- Jacques Soenens

I.M,0.G. SV
Harelbeke, Belgium

Arthur H. Beckman, P.E.
Katy-Seghers Incinco Systems. Div.
Fulton Iron Works Company

St. Louis, Missouri 63116, U.S.A.

 ABSTRACT

Incineration is the ideal alternative to land-
filling as the final disposition of municipal solid
waste. Incineration has the advantages of 90% volume
reduction to a completely odorless inert product,
potential for recovery of valuable heat energy and
existing technology to remove dust and pollutants
from the flue gas to meet the most severe environ-

. mental requirements. SEGHERS Engineering of Brussels,’
Be]g1um owns a proven incinerator oven system which
is marketed world wide. The North American licensee
is the Katy-Seghers Incinco Systems Div. of Fulton
Iron Works. This presentation describes the Katy-
Seghers process and includés background information
on SEGHERS Engineering, techno]og1ca1 description
of the system, operat1on, economies and market1ng
ph11osophy

"BACKGROUND

SEGHERS Engineering is a general contractor with their
main activities in the field of ecology for:

A. - Solid waste handling, ma1n1y mass burning of municipal
'solid waste :

B. Sewage treatment plants

.‘ C. Sludge drying and incineration

D. Industrial waste water treatment plants.
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. As a general contractor SEGHERS Engineering has been in-
volved in all the phases of a project: design, purchase of
equipment, construction, erection and assistance in operation
and maintenance.

In municipal-solid waste a wide variety of systems have
been constructed to meet the local needs of both small and
large communities. Up to the late 60's most furnaces were
not equipped with heat recovery apparatus. Attention was
directed to burning waste with the aim of size reduction and
converting a potentially polluting waste into an inert slag.
The more recent plants are all equipped with a waste heat
boiler or heat exchanger for district heating or electricity
production. The plant of Antwerp uses the heat of the flue
gases,to dry sewage sludge which will ultimately be used as
a fertilizer or burned together with the refuse.

The size of the plants in operation range from 100 to
700 TPD or translated into unit size of a single oven-line
from 2 to:12 TPH, with normally 2 or 3 oven lines per plant,.
It is.our belief that in the near future the most economical
“sizes will range from 15 to 25 TPH for a single line. With 2
to 4 oven lines this results in a p1ant capac1ty of 700 to

. 2500 TPD. | ,

As indicated Tater and explained in detail in a separate
note, the unique design of the SEGHERS GRATE being composed of
identical elements, allows for a wide range in unit capacities
without facing problems of scaling-up or scaling-down.

The marketing philosophy of SEGHERS Engineering has
dictated us to follow the specific desires and needs of the
local municipality; in some instances only the supply and
the erection of the equipment was provided, in other cases a
turn-key contract including the design and civil works was
included. SEGHERS Engineering has also participated in the
actual operation and maintenance of the plants.

In almost all-cases a contract was awarded after having
been selected as the most responsive bidder answering a R.F.P.

It is interesting to point out that extens1ve programs
are in effect to modify existing plants which do not have
energy recovery. In most plants a waste heat boiler will re-
place the existing cooling tower or will be 1nsta11ed in
parallel.

The SEGHERS~SYSTEMS are in operation in Belgium, France

and Switzerland as indicated in the reference 1ist. Marketing

in the U.S.A. and Canada is done through a 11censee agreement
with KATY INDUSTRIES, INC.
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TECHNOLOGY

Every incineration facility is composed of a number of
individual oven lines. Each oven-line is an independent ’
process unit with the main components being the feed hopper,
grate, slag extractor, combustion air system, furnace, waste
heat boiler, flue gas treatment unit and exhaust fan. There
is a common refuse pit, 2 or more loading cranes, one or two
common.ash conveyors and a common stack, or more for larger
systems. The basic design pr1nc1p1e of the SEGHERS system for
the furnace - boiler assembly is a phys1ca1 separation of the
burning process and the heat recovery.

The water wall tubing is never extended into the actual
oven space. The side-walls and the ceiling of the furnace
are refractory lined. Once the hot flue gases (at 1000°C) are
produced by the combustion of the refuse .they enter the first
passage of the waste heat boiler. This passage is "empty",
that is, no tubes are installed in the center where they wou]d
be encountered by the flue gases. Only the side-walls are
formed by welded fin tubes. This first passage of the boiler
is a radiation chamber which at the same time provides enough
retention time for after-burning.

The main reason for separating the furnace and the boiler
. is to improve the reliability of the installation.

a~- explosions can happen (small gas cans, bullets, etc.)
Minor damage of the refractory-lined walls does not
require a shut-down of the oven.
Repair can be postponed to a scheduled maintenance per1od
If water tubes are extended into the furnace, the unit
must immediately be stopped if. a tube is damaged and
repair requires a rather long shut down.

b- The refractory bricks and lining are much less sensi-
tive to wear than the rather thin protection layer
applied as a cover for water tubes.

c- The combustion process is stabilized by the buffer
action of the heat stored in the thick refractory
wa]ls

d- Scaling-up or down is much easier because the boiler
"design and construction is independent of the furnace
construction.
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The SEGHERS GRATE has a number of unique design features.
We refer to a separate technical note exp1a1n1ng all the details.
The most important characteristics are:

a- The entire grate surface is formed by assemb11ng a number
of standard elements.

b- Each element has 2 rows of f1xed t11es, 2 rows of hori-
zontally moving tiles and 2 rows of tumb11ng tiles.
With this combination the refuse layer in combustion
"is 'perfectly mixed and disentangled.

c- The sequence of the motion of each element can be:
independently controlled from the dispat¢h room. In
this way the grate motion can be matched to the varia-
tion of the refuse quality.

d- The grate tiles are made o0f'highly a]]oyed refractory
steel with 28% Chromium and 12% Nickle.

e- The grate itself 'is comp]ete]y closed in horizontal
projection. The air inlet openings are arranged in
such a way in the nose of each tile that no .fine mater-
ial can fall through. Grate sifting is almost non-
existent. This grate design makes it possible to burn
very fine material such as coal and dried sewage sludge
with refuse A

The waste heat boiler used in our plants is adapted to the
particular nature of the flue gases from refuse incineration.
To avoid corrosion and erosion all precautions are taken, such
as use of welded-fin tubes to form a gas-tight chamber, use of
the proper tube spacing.to 1imit gas velocities and avoid
clogging, arrange tubes in a non-staggered pattern, Tocate the
superheater in the second or third passage where flue gas
temperatures have dropped to an acceptable low value, use of a
" de-superheater or attemptator inbetween the first and second
superheater to closely control the steam temperature and in
this way 1imit the metal surface temperature of the tubes.

In addition to these widely applied design rules, SEGHERS
also requires that the boiler be equipped with both a steam
and a mud drum with natural external circulation. The total
water volume is equivalent to about 2 hours of steam production.
These two features safeguard the boiler from damage in case of
a power failure.

In order to meet the environmental .standards, different
techniques can be used depending upon the local requirements.
In any case the flue gas purification system is installed at
the exit of the boiler where temperature has been reduced to
a level of 220-2800C.. No attempt is made to inject chemicals
in the furnace or boiler.
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The par@icuiate matter load is reduced with efficiencies of
37% to 99% with the use of electrostatic precipitators.

As designer and contractor, SEGHERS is well aware of the
increasing attention which is given to the chloride and sulfur
components in the flue gases. A wet scrubber as commonly used

~is certainly not the best solution to this problem mainly be-
cause of problems with corrosion, clogging and water pollution.
Therefore SEGHERS together with the University of Louvain has
performed an extensive researched and pilot work to develop a-
"dry scrubber" unit. The first results indicate that effi-
ciency in removal of 90% chlorides, 70% sulfur dioxyde and more
than 90% for fluorides can be obtained. :

As already indicated above the SEGHERS grate is particular-
ly well adapted to burning pre-dried sludge together with refuse.
The plant of Antwerp has 2 oven-l1ines rated at 10 TPH each.

The heat contained in the flue gases is partially recovered in
a heat exchanger with thermal oil. The thermal oil flows in a
closed circuit and is used to dry the sludge. The sludge drier
design is similar to a multiple hearth incinerator, but is made
completely of metal and no combustion takes place. Each hearth-
is jacketed and heated by the thermal oil. The use of an inter-
mediate fluid allows for a set-up where the energy of the flue
gases is used to dry sludge without bringing the flue gases in
direct contact with .the sludge. In this way all odors are
avoided and no flue gases must be recirculated to the furnace.
It is of interest to note that two kinds of sludges are pro-
"cessed.. First, the sludge .from the thickeners of the sewage
treatment on the same site as the incineration plant which is
mechanically dewatered in centrifuges and then dried. Secondly,
the sludge filter cakes of 6 other sewage treatment plants in -
the area are brought to the incineration plant by truck and
handled in much the same way. For a complete description of the
Antwerp plant we .refer to a separate technical note.

OPERATION,

.The normal operation schedule of an incineration plant is
24 HPD 7 days per week. For smaller units without heat recovery,
a shutdown overnight or on the weekends has been common practice
for a long time. Although this practice certainly does somewhat
decrease the 1ife of the refractory, the procedure is acceptable.
The hcat contained in the walls is sufficiently high to keep the
temperature in the oven at a high level. After a shutdown of
two days, usually spontaneous ignition of newly introduced re-
fuse takes place. -

The minimum personnel per shift required for a medium
sized plant is 3, one crane operator, one oven operator, in the
”ispatch room, and one mechanic for inspectiun of the plant in-
side. For. larger plants with a complex lay-out, the presence of
a second mechanic is advisable.
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It is important that the crane operator be located in the .‘
dispatch room. This improves the working relationship and

br1ngs ‘into perspective the important role of the crane opera-

tor in mixing the refuse and "preparing" the fuel.

A dayt1me crew of mechanics and e]ectr1c1ans should be .
available for daily maintenance and repair. It is very im- -
portant that the personnel has a broad skill and experience so
that job rotation can be applied.

In the maintenance schedule, much attention is devoted to
preventive maintenance and minor repair. The following example
illustrates this principle. Every two or three years, all grate -
tiles -are removed for inspection of both the tiles and the sub-
structure. At that time, the tiles from the middle of the grate
- surface can be redistributed over the "cooler" part of the grate
namely, the inlet and outlet. : :

SEGHERS Engineering has always kept a close contact and a
cooperative spirit with the operation management of the incin-
erators they designed and built. A common philosophy and ex-
cellent feed-back has been the result. It is both SEGHERS' and
the operator's conviction that more attention should be devoted
to the "effectiveness" of a plant rather than to the plain ,
"efficiency". By effectiveness, we mean the product of effi-
‘ciency and reliability, the sum of factors like availability,
ease of maintenance, redundancy of common components and proper
utilization of equipment. In many cases, sophisticated equip-
ment was purposely omitted-to simplify the control and main-
tenance even if a fraction of the efficiency was sacrificed,
but. the total effectiveness has always been improved. In &
part1cu1ar, much attention has been devoted to all the ‘auxil- &
jary equipment both in design and operation. Experience has
shown that the oven-boiler assembly rarely causes frequent or
fundamental problems. Most unscheduled stops are due to valves, .
-conveyors, cranes, and other auxiliary equipment.

ECONOMICS

It is extremely difficult to compare the total cost for
construction and operation on a dollars per ton basis for
different existing plants. A great number of factors have to
be considered and officials or plant operators are not always
able to give the exact figures because sometimes the data is
classified or not even recorded.

The actual cost depends on all such elements as:

- year of financing

- type of purchase contract, turn-key, full service or -
construction : : ' .‘

- fixed price contract or contraét with price escalation
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‘formula
- payment -form

- grants allowed by federal agencies

- construction period

- exchange rate

- interest rate

- income from se]]ing steam or electricity
- redundancy required .

- luxury in building

- air quality requirements

- number of operation personne], as affected by local
union rules or Tlaws.

- actual waste available w1th respect to des1gn capac1ty
of plant.

As a thumb rule the following figures could be applied for
plants processing 1000 to 2000 TPD: '

- Construction cost = $50,000.00/ton
- Total net operation cost = $10-$20/ton.

MARKETING PHILOSOPHY s

Katy Industr1es, through their subs1d1ary, the Fulton Iron
Works Company of St. Louis, Mo., has an exclusive license agree-
ment with SEGHERS Engineering of Brussels, Belgium to manu-
facture, use, market and erect the SEGHERS-CEC Domestic Waste
Incineration System in the United States, Canada (except Quebec)
and certain countries in the Middle East. The operating com-
pany is called Katy-Seghers Incinco Div. of the Fulton Iron
Works Company.

Katy-Seghers will design, furnish and install incinerator
systems per a consulting- engineer's basic project design, or
we will provide turn-key design and construction for the com-
plete system per consultant's guidelines on quantity of waste,
Btu content, etc. On turn-key projects, we will-design and
furnish all equipment, erect the complete facility and provide
final testing, start-up and operating instructions. Also,
Katy-Seghers would operate their system under contract if re-
quired, or would provide complete full service design-build-
operate, systems for responsible parties. -Katy-Seghers will
assume full responsibiltity for the facility performance with
the consultant prov1d1ng basic.guidelines on quant1ty and

. uality of waste.
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Construction and erection is by Katy-Seghers Incinco Div.
under the direction of our Katy-Seghers Project Manager. Con-
struction supervision will include our construction contract-
or's Project Manager and Engineer, a Katy-Seghers Project En-
gineer and a SEGHERS Erection Superintendent with such other
staff and engineers as may be required on a particular project.
SEGHERS-CEC project engineers and technicians will provide
final plant inspections, initial start-up and instruct operating
personnel. : '

Katy-Seghers prefers to provide the complete system, per
basic guidelines of the municipal consultant who has researched
the city requirements and has contracted for the solid waste
supply and energy users. This is the typical request for pro-
posal route, which is our most common approach.

SEGHERS Engineering provides technical specifications,
engineering drawings, and erection supervision. All design
work on the incinerator equipment and accessories is by SEGHERS
Engineering. Modifications to conform to federal, state or 4
local requirements or ordinances are by Katy-Seghers with final
design approval by SEGHERS Engineering. The heat recovery
boiler employed is a SEGHERS Engineering design, developed after
exhaustive studies and operational reviews. It meets the most
modern requirements for reliability and corrosion protection.
Designs for the building and services (power, water, HVAC, etc.)
and ash handling outside the building are by Katy-Seghers.

SEGHERS-CEC will provide the oven grates from Belgium. The
supply of the oven grates from the sources now utilized will
permit assurance of the metallurgy that is so vital for long
wear and elimination of breakage. A1l other equipment and
accessories, including the travelling crane and claw, feed hop-
pers, combustion air systems, slag removal equipment, heat re-

. covery boilers, and electrostatic precipitators will be of
American supply and manufacture.

Katy-Seghers is a nationwide company. Our Washington
representative is contacted first on any proposed project to
study bid requirements, emission standards, and other items
peculiar to a particular location. Our construction contract-
ors have done construction work in every state and Katy In-
dustries' many subsidiaries operate everywhere in the U.S.

Katy-Seghers shall consider partial ownership and operation
" of the domestic waste to energy plants under contract. Under
such a plan, Katy-Seghers would enter into partnership agreement
with the city or county and function-'as a minority owner.
Katy-Seghers will, if required, enter into equity agreements
wherein the project is financed by revenue bonds. 'In this
arrangement, we would request operational control of the system.

_The domestic waste plants that Katy-Seghers designs and
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)uilds are completely guaranteed by Katy-Seghers, including
capacity, burn-out, steam quality and quantity, and emissions
guarantees. A1l material SEGHERS Engineering furnishes is
guaranteed against manufacturing defects and construction and
erection is guaranteed to be free of errors under their normal
warranty period. Capacities, percent carbon in ash and emis-
sions are guaranteed within certain parameters.

SUMMARY

Katy Industries, Inc. is listed on the New York Stock

- Exchange, a company of diversified holdings which concentrates
its activities within four basic operating groups: The In-
dustrial Equipment Group, which includes Fulton Iron Works, .is
the largest. Fulton has a Tong history of service to industry
dating back to 1852. OQur sugar mill equipment, presses and
boring bars have achieved a world-wide reputation for dependa-
bility. Our experience in complete sugar factory design and
construction may be of interest to you since the sugar factory
is a city in-itself. A1l electrical power is generated through
the burning of bagasse (the remaining portion of the sugar cane
after grinding) and such power handles all the requirements for
factory and personnel 1living functions. The burning of bagasse
is performed in a series of large field-erected boilers.

SEGHERS Engineering is a design/construction firm special-
izing in turn-key projects for government and industry with over
40 years domestic waste incineration experience. SEGHERS de-
signs and builds complete municipal incinerator systems using
the Carbonization Enterprise et Ceramique (CEC) Grate System.
Since the mid-1960's, most of these plants have included heat
recovery boiler systems of SEGHERS' own design. Recently,
SEGHERS has developed a process for drying sewage sludge with
the "waste" heat from municipal waste incineration. We can

. point to a specific plant that is just being commissioned near
Antwerp, Belgium that utilizes this new technology. We welcome
your visit to this new installation.

"Katy-Seghers and SEGHERS Engineering continue to grow and
expand because they are always improving on existing processes,
creating innovative and ingenious new solutions to old problems,
particularly for the environment and ecology.

The SEGHERS-~CEC Grate is the secret of successful, eco-
nomical operation. Other systems may be lower in initial cost
but our systems have achieved an excellent reputation for low
operating and maintenance costs. An equally important factor
in high operating efficiencies and low costs is the SEGHERS heat
recovery boiler. This boiler is specially designed by SEGHERS
for use with the corrosive and high ash flue gas of municipal

DO
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Today s incinerator is the resu]t of years of experience

- and design improvements, a perfect balance of competitive first

cost, high efficiency, safety and low operating and maintenance
costs. ' - ' :

Every ton of municipal waste has the equivalent heat value
of over a barrel of oil. Mass burning with little handling, no
.pre-sorting, and with heat recovery is the most effective, effi-
-cient and economical method of utilizing this valuable resource.
Waste volume is reduced by 90% or more, lowering transportation
costs and saving landfill space. If ferrous metals, aluminum
and ash separate by a sieve system are recovered, the total
volume reduction can be 98-99% with only 1-2% of the_original
waste ending up in the landfill. The recovered heat is sold as
steam, hot water or electricity further adding to the economic
feasibility. Source separation of paper and aluminum and mag-
netic separation of ferrous material from ash may be utilized
with our mass burning system. The economics of recovering fer-
rous metals,aluminum and ash depend on the market potential and
often recovered materials are not worth the cost of add1t1ona1
recovery equipment.

Eveky effort must be made to acquaint the various communi- .

ties and agencies responsible for waste disposal with this time-
proven concept. Consultants must be made aware of the economi-
cal and ecological advantages of mass burning. .Government and

the general public must be informed of this alternative to land- -

filling waste and importing oil for fuel. Our Katy-Seghers
marketing efforts are directed to just such goals. Through -

direct mail, advertisements and the sales efforts of our repre-

sentatives, we are doing our best to let everyone know about
this solution to the problem of solid waste management.

Mass burning in a Katy- Seghers incinerator is the 1dea1
last stage in the consumption circuit:

1. The. end product is a solid, odorless, entiré]y inert
small volume (10%) material suitable for construction
fill. '

2. The thermal energy resulting from incineration can be
economically converted into steam for heating, pro-
duction of electricity or hot water or other process
uses.

3. Flue gases can be adequately freed of dust and chem-
ically purified to meet the highest environmental
requirements. '

We. thank you for your time and attention. We apprecjate‘
the opportunity to be of service and we invite your questions.
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VKW MASS BURNING TECHNOLOGY ,
ITS HISTORY AND ITS APPLICATIONS

Herbert P. Otte, Vice President
Energy Systems Services Division

Browning-Ferris Industries, Hlewcadin, TA

Bernhard W. Westphal, Manager
Licensee Relations
Vereinigte Kesselwerke A.G. (VKW)

Helmut Hick, Plant Manager
Mullheitzkraftwerk Landkreis Goeppingen

ABSTRACT

A problem common to all the developed nations of the
world has been the disposal of solid waste materials in an
environmentally acceptable manner. The problem has been
recognized and addressed in different parts of the world,
at different times, chiefly from a growing awareness of the
environment and the constraints of unavailable or unusable
land, areas for conventional landfill disposal. These condi-
tions were first manifested in Europe, and European indus-
tries responded to the waste disposal problem by successfully
developing and implementing, on & large scale, the technology
generically called mass burning-energy recovery technology.

BACKGROUND

One of the leaders in the development of mass burning technology
is VKW {vereinigte Kesselwerke AG) of Duesseldorf, West Germany. As a
subsidiary of Deutche Babcock AG, VKW's business encompasses the areas
of designing, manufacturing and building water and wastewater treatment
facilities, sludge .handling facilities, residential, commercial and)
industrial solid waste incineration facilities and in cooperation with
Babcock-BSH, air and gas cleaning facilities. These activities are
- .complimentary to other Deutsche Babcock activities in all facets of
engineering, manufacturing and construction of facilities for such
industries as power generation, textiles, petrochemical and
environmental control. As a diversified corporation, the Deutsche
Babcock group, with 1979 sales of approximately five (5) billion



' 208

D. Marks, can assist in providing solutions to a wide variety of ener-
gy and environment related problems.

'VKW has a history of over 150 years of engineering and building
stoker and boiler systems for a wide variety of fuels. Different grate
systems were developed by VKW to burn such fuels as coal, lignite,
bagasse, wood chips, peat, etc. These fuels were handled on grates
generally described as travelling, inclined and rocking grates. Some
25 years ago, when the problem of solid waste disposal in West Germany
became acute, existing grate systems were investigated by VKW, as to
their ability to burn this difficult fuel, and it was concluded that
existing systems did not provide the optimum solution. Consequently,
in co-operatidn with the City of Duesseldorf, the ro]]er grate - System
Duesse]dorf was developed. .

The deve]opment of an incineration system for municipal solid
wastes was a logical extension of VKW's basic business and paralled
efforts undertaken by the firm to provide specific solutions to other
waste disposal problems. These efforts resulted in the completion of
the  first industrial waste incineration facility in 1953; the first
fluidized bed application for industrial waste and sludge in 1975 and
the completion of the first co-disposal, sewage sludge and municipal
solid waste facility in 1975. Three different systems actually com-
prise the VKW waste incineration technology, each with its own applica-
tions criteria. The systems are known as; (1) Rotary Kiln - System
Buttner; (2) Opposed Motion Grate - System Keller-Peukert; and (3)
Roller Grate - System Duesseldorf.

The Rotary Kiln - System Buttner is applied for industrial waste
incineration projects having. flow rates of semi-solid and 1liquids
wastes of up to 6 MTPH (6.6 STPH). While it is possible to design and"
build units with larger capacities, market requirements do not present-
ly warrant a larger size. VKW has built 37 of these specialized waste
incinerators of which more than 50% are equipped with boilers for
energy recovery.

‘The Opposed Motion Grate - System Keller-Peukert is used for
intermediate sized municipal and commercial waste applications. Unit
furnace capacities of 6 MTPH (6.6 STPH) have been built, but, designs
are available for units up to 10 MTPH (11 STPH). Six facilities using
this grate system have been built by VKW. ‘

The Roller Grate - System Uuesseldorf is applied to municipal and
commercial waste disposal applications requiring unit furnace capaci-
ties greater than 10 MTPH (11 STPH). Roller grate systems with design
capacities of 25 MTPH (27.5 STPH) have been installed although the
structure of the roller cage, the supports and drives are designed so
as to permit expansion of unit capacities to 50 MTPH (55 STPH). Since
VKW's first Roller Grate - System Duesseldorf in Rosenheim, West
Germany, in 1964, the technology has been exported to thirteen (13)
countries worldwide and is found in over fifty-five (55) facilities
which have a total of 145 furnaces. The worldwide applications which
encompass all the European nations, Czechoslovakia, Union of Soviet
Socialist Republics, Japan and Malaysia clearly prove the adaptability
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of the technology to varying project configurations and solid waste
composition (See Fig. 1).

Procurements of European refuse plants have normally been by means
of two methods; turn-key and chute-to-stack. Regardless of the method
of procurement, vendor selection has always been a competitive process
whereby qualified contractors would respond to a set of specifications
generated either by the clients technical staff or by a consulting
engineering firm. Contractor responses to the specifications are then
evaluated on technical and economic merit for selection. Under the
turn-key procurement method, the contractor is responsible to deliver a
complete, operable system including all structures and auxiliary
mechanical and electrical equipment. To monitor the field activities
and equipment deliveries, a project control advisory board is created
to relieve the client of the need to use his own personnel, which many
times are not available to perform this function. Under the chute-
to-stack procurement approach, the contractor is responsible for
delivering the specified processing train with any associated controls
system. Project management functions are the responsiblity of the
client's consultant. a

The primary purpose of early municipal waste incineration plants
was volume reduction of solid wastes. However, to preserve the envi-
ronment, the flue gases generated in the incineration process had to be
cleansed of particulate. Of the gas cleaning systems available, high
energy wet scrubbers and electrostatic precipitators, ESP's were pre-
ferred, but application of these units required a preconditioning
(cooling) of the flue gases to inlet conditions. Flue gas cooling was
effected using either water spray conditioning towers or steam genera-
tors. While some VKW plants in France, Great Britain and Italy were
configured with conditioning towers, even the earlier projects in West
Germany practiced energy recovery and were configured with steam gener-
ators. Today, with ever “increasing shortages and cost of energy, waste
incineration without energy recovery is of little interest.

TECHNOLOGY

"Municipal and commercial solid waste is a heterogeneous mixture of
organic and mineral components. The heating value of this waste is a
variable function of the included percentages of combustible and inert
materials and the water content (See Fig 2). Average composition
values yield average heating values but during actual conditions, the
composition balance is in a constant state of flux, .which in turn, re-
sults in a fluctuating heating value. Not only are changes seen in the
percentages of combustible to non-combustible materials, but the com-
position of the waste also varies, all of which result in varying igni-
tion characteristics of the waste. The problem of ignition potential
has to be circumvented in the refuse feeder. To eliminate the possi-
bility of a backfire in the refuse feed chute, the density of waste in
the chute is increased, thereby substantially reducing the availability
of combustion air. During the subsequent feeding of the waste onto the
grate, it -is necessary to again allow the waste to expand so- as to
expose those wet and hard to ignite components.to a predrying phase.
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The cross-sectional geometry of the VKW ram feeder and the variable
speed capability of the ram now satisfy the three. feed requirements of
(a) providing an airlock in the chute, (b) allowing the partially com-
pressed wastes to relax and expand,.and (c) feeding the wastes onto the
grate at a slow controlled speed. ‘

A proper grate design allows for the wastes to be agitated in such
a way to expose unburned materials to the fire and to supply required
amounts of combustion air in a uniform manner where needed during the
combustion process. The magnitude of the mixing action and introduc-
tion of air should not be too great since excesses will result in an
increase of the particulate content of the combustion gases. The grate
design must assure that those difficult to ignite and burn waste com-
ponents have sufficient residence time in the furnace to assure com-
plete burnout. - From a combustion point of view, it 1is desirable to
provide the maximum amounts of combustion air to that area of the grate
where maximum agitation and burning are taking place. The feature of
the roller grate - System Duesseldurf {5 that it excels in its ability
to satisfy that requirement. Since the speed and air supply of indi-
vidual rollers can be controlled, the operator can match the residence
time and the air supply to the specific waste being burned.

The roller grate - System Duesseldorf is comprised of a set of six
(6) rollers of equal diameter inclined at 30 degrees from the horizon-
tal plane. Each roller has its own controllable rotational speed from
0.5 to 12 revolutions per hour. The individual air supply to each
roller is controlled. by dampers. All drives and supports are located
outside of the furnace area. Combustion air 1is introduced at the
bottom of the roller and flows upward into the waste bed in the
quantities and pressures required to support the particular combustion
phase occuring on that roller (See Fig 3). A unique feature of this
arrangement is that as the air travels to the combustion zone it passes
through the entire body of the roller. The effect is one of continuous
cooling of the roller body and the grate bars to the extent that the
- maximum grate bar temperature for any roller rarely exceeds 400°C
(750°F). As a result, economical, common gray cast iron is used for
the bar material. Additionally, as there 1is a minimum of relative
motion between the grate and the waste, grate bar material wastage is
kept to a minimum. The grate bars then, easily attain service lives in
excess of 20,000 operating hours. :

The grate alone, does not control or insure the complete burnout
of all the combustible matter in solid waste. Figure 2 shows the high
percentile of volatiles in the combustible portion emphasizing the need
for efficient burnout of the volatiles which is a function of the fur-
nace design. The geometry of the furnace, the location, orientation
and pressures of the secondary air inlet all combine in their effect to
completely burn out the volatile gases before they enter the radiation
shaft of the boiler. The furnace must be designed so as to maintain
temperatures high enough to support waste drying and ignition but not
so high as to reach the ash fusion point. It must act as an effective
mixing chamber for the products of combustion but the turbulence must ~
not be so high that additional particulates are entrained in the gas
stream And, it must be so configured that the gases leaving the

-
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furnace and entering the boiler, enter the boiler in uniform and cdn-
sistent profi]es of velocity, temperature and 02 content. -

One of the methods for determining the optimum configuration of
VKW furnaces is by means of hydrau11c modeling, wherein the geometry of
the furnace 1is changed and various different secondary air injection
arrangements are tested. From tests such as these, the furnace designs
have been optimized and the results can be seen in Fig 4 which shows
the original furnace configuration of the Kiel MVA built in 1975 and
the furnace shape of the extension which is currently under construc-
tion.

The configuration of the furnace enclosure has changed with time
from those having a refractory lining to those having water cooled sur-
faces. Earlier refractory lined furnaces experienced slagging problems
as the heating value of refuse started to climb. The radiant effect of
these refractory lined furnaces was too high for the r1s1ng heat
release rate and the oak fusion temperatures were reached. Since the
early refractories were not of the self-shedding type as is silicon
carbide, they were prone to slag buildups. However, today there are
different refractory materials that can be used, or the furnace can be
lined with cast iron or ceramic plates that are air cooled, all of
which practically eliminate the slagging problem. As the heating
value increases, it also becomes advantageous to line the furnaces with
water wall panels which, in turn, are an integral part of the steam
" generator. To protect these surfaces within the high turbulent areas
of the furnace, the water walls are studded and coated with a layer of
high silicon carbide content plastic refractory. The effect of the
water wall then is to provide a cooled surface which reduces slag
buildup and, at the same time, recovers a substantial amount of the
energy available within the furnace.

Boilers designed and built by VKW are designed to match the waste"
that is being burned. For example, boilers that are used in conjunc-
tion with industrial waste rotary kiln applications are substantially
different from boilers designed for mun1c1pa1 waste incineration appli-
cations.

For mun1c1pa1 waste app]1cat1ons, a portion of the boiler forms an
integral part of the furnace and secondary combustion zone. The fur-
nace and the subsequent boiler radiation pass are so arranged as to
assure burnout of the gases in order to minimize corrosion problems,
- before they enter the radiation pass. Similarly, to reduce corrosion
and erosion problems, the flue gases should undergo a long reaction
period and drop in temperature before they come in contact with convec-
tion heat transfer surfaces. For this reason, VKW designs high, multi-
ple pass ‘boilers that have up to two radiation passes which are free of
convection surfaces. These water wall lined passages allow for the
required reaction time. and heat transfer to occur prior to entering the
corrosion-erosion sensitive convective section. These surfaces too
must be designed with wide spacings between tubes to permit free travel
of the gases which, in turn, reduces the amounts of soot buildup.
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In order to attain high avai]abi]ity, boilers must be designed to
contend with problems from erosion, corrosion and alternating erosion
and corrosion. The key factors to reducing the effects of erosion are
gas -velocity and uniformity of gas flow. When convection surfaces are
encountered, the gases should travel through the bundles with uniform
low velocity profiles and the possibility of higher velocity short cir-
cuits should be avoided. As with the development of the proper furnace
geometry, proper boiler geometry has been extensively studied by VKW
using hydraulic modelling procedures (Fig. 5). To further reduce the .
potential of erosion, VKW designs have placed the convection surfaces
“in the third boiler pass (an up-pass). In this configuration,, gravity
works against the entrained particulate and has the effect of reducing
the velocity -head of the particle as it meets the tube surface. To
explain the mechanics of the causes of corrosion are beyond the scope
and intent of this paper. It suffices to say that today we know of a
number of measures that can be implemented to reduce the potential of
corrosion. These are: '

| Waste Composition:

° Restrict the refuse stream to residential and commercial

wastes. Industrial wastes which have high HCl1 content
should not be burned in conventional municipal waste incin-
erators.. 4

[} Effect a good mixing of the wastes to reduce the potential
of feeding spike loads of harmful materials.

Incineration: _
° Uniform feeding and ‘burning of the feedstock through the use
" of an automatic combustion control system.

(] Proper configuration of the furnace and secondary air supply
so as to assure proper turbulence and uniform heat absorp-
tion.

Boiler Design:

° Design the final superheater stage for parallel flow.

) Maintain']ower superheater metal temperatures.

. Protect sensitive tube surfaces w1th studs and plastic re-
fractory.

With the experience now available, VKW is confident that boilers
for refuse incineration facilities can be designed for -reliable
performance at high steam quality parameters. -Superheat conditions of
500°C (932°F) are attainable, and at these cond1t1ons, much better
thermal utilization factors are realized. :
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As with any industrial process, refuse power plants generate some
side effects, which, if not addressed during the engineering phase,
will have an adverse impact on the environment. With refuse incinera-
tion these effects are:

) Gas and particulate emissions
0 Waste water treatment

0 Ash quality

° Noise

Atmospheric emissions are of two types, gaseous and particulates,
and both types must be controlled in West Germany. The EPndensib]e
HC1, HF emissions must meet 1limits of 100mg/Nm°, 5mg/Nm°, respec-
tively. Cleansing the flue gas stream of these contaminants is perfor-
med either by wet or dry scrubbing systems. For the past five years
scrubber installations were  mostly of the wet types where water was
used as the absorption medium for HC1 and HF. When the need arises to
also reduce the levels of S0,, an additional absorbant is added to
the water (Fig. 6). WhiTe the wet scrubbéers have performed
satisfactorily in reducing the emission levels, the resultant waste
water flows have often adversly impacted the local sewage system.

. Consequently, dry absorption systems (Fig. 7) have been developed which .
react HC1 and HF into a dry solid calcium or sodium compound which can
then be’ collected by conventional particulate removal systems.
Particulate emision control, in general, has an excellent track record
since electrostatic precipitators or bag filters routinely operate at
efficiencies between 99.0 to 99.9% anuring that the West German
particulate emission limits of 100mg/Nm” are met.

Discharges of wastewaters from European refuse power plants are
subject to variable, regionally imposed restrictions. In many of the
facilities designed by VKW, the water circuit is closed and the plants
run with zero discharge of process waters. There is a constant demand
for makeup water 1in the ash quench tank due to the evaporative losses
that occur. This makeup demand 1is satisfied by configuring the
facility with neutralization and storage tanks of sufficient capacity
to receive process waste flows from boiler feedwater treatment, ash
bunker drains and boiler blowdown. After neutralization and
settlement, these combined waters are used as makeup flow. to the ash
quench tank. '

Residues that remain from the incineration of municipal wastes on
a roller grate or an opposed motiun K-P grate have consistently had
excellent burnout characteristics with extremely low percentages of
putrescible content (less than 0.3%). Consequently, -these residues
have had no difficulty in being placed in landfills, Frequently, scrap
metals are recovered from the ash and the residual clinker is size
segregated after which it is used in the construction of roads. For
some time, ash landfills have -been monitored in West Germany and the
results of these studies show that these ash fills do not contaminate
the ground water supply.
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Therefore, from an environmental point of view, refuse power
plants designed and built by VKW have consistently provided env1ronmen-
tally sound solutions to the prob]ems of waste disposal.

Just as a quarter of a century ago the problem of waste disposal
in West Germany became acute, the roller grate - System Duesseldorf was
developed,now the problem of sewage sludge disposal has become acute.
again VKW has provided a solution - with its sludge system designated
HGS. The HGS system is a closed cycle adjunct to the refuse incinera-
tion system. The plant is sized such that the refuse and sewage slud-
ges generated by a community can be co-incinerated in one facility.
While the co-disposal process may be applied in different ways, one
example is where the refuse power plant is sited adjacent to the waste-
water treatment facility (Fig. 8). In this arrangement, sludge is
pumped to the refuse plant at aproximately 4% solids content where it
is dewatered mechanically to 25% solids content. The sludge cake is
then introduced into the drying-pulverization equipment (Fig. 9) where
the sludge is dried using combustion flue gases. These gases are with-
drawn from the upper portion of the first boiler pass at approximately
800°C (1472°F) and in the course of the drying process they are cooled
to 250-300°C (480-570°F). Solids content of the sludge, during this
process, is increased to approximately 90% and the combined flow of gas
and sludge powder is pneumatically conveyed to the furnace for inciner-
ation. A nominal rating for the co-disposal option allows for 9 MTPH
of sludge cake at 25% solids to be incinerated with 12 MTPH of refuse
having a LHV of 2400 Kcal/kg (4300 BTU/1b.).

A.facility designed and built by VKW which is worthy of review is
the MVA Goeppingen.

The MVA Goeppingen is the product of a series of alternate waste
disposal studies and conferences that began in 1960. The city initial-
ly came to the conclusion that the wastes generated in the city alone
did not economically justify an alternate disposal method to the exist-
ing landfill although filling capacity was rapidly being depleted.
What ensued were a number of years of negotiations and further studies
with surrounding communities to develop, on a regional basis, committ-
ments to supply wastes to a central facility. Early in 1968 these
difficult discussions vresulted in° the formation of a regional
"authority" which comprised the cities of Goeppingen and Eislingen and
a number of adjacent towns, which in total, had a population of 152.127
people. A consultant engineer was then commissioned to study the
potential energy markets for the proposed facility. The conclusions of
these studies resulted in contracts for the sale of electricity to the
Neckarwerke utility in 1969, and for the supply of comfort and process
heat to the regional hospital in 1970. With the energy market estab-
lished, a competitive bidding phase for the des1gn and construction of
the facility was conducted which resulted in an award to VKW for a
turn-key project, on November 29, 1971. The price for the facility was
35.6 million D. Marks. Site construction was started on September 25,
1972 and the finished plant was commissioned and accepted by the client
in July 1975,
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MVA Goeppingen has two, roller grate - System Duesseldorf furnaces
and boilers, each designed for 12 MTPH (13.2 STPH) throughput of
municipal and commercial wastes having a LHV range of 1200 to 2850
Kcal/Kg (2150 to 5125 BTU/1b). Each boiler has a rated steam
generating capacity of 32 MTPH (70,400 pph) at conditions of 39 Bar,
410°C (560 psi, 770°F). Steam is used either as throttle to an 8.7 MW
extraction-condensing turbine generator or as heating medium in high
pressure 210°C (410°F) or low pressure 140°C (285°F) heat exchangers.
The mix of flows varies around the year as a function of the ambient
temperature. MVA  Goeppingen supplies approximately 10% of the
electrical requirements of the City of Goeppingen but the priority
demand is to the 1100 bed regional hospital and surrounding residences
which are located 2.2KM (1.3 miles) from the MVA. Present contracts
require a guarantee to provide 24 million Kcal/hr (43.2 million
BTU/hr). This demand by the hospital will be increased to 36 million
Kcal/hr on a guaranteed basis in 1981. In Addition 8.6 million Kcal/hr
will be supplied to a nearby police academy on an interruptable basis.
The ability of the MVA to satisfy these additional requests for energy
results from the fact that additional refuse that is being delivered to
the facility. While, during the planning stage, the region had a
population of slightly over 150,000 people, the present population
stands at 230,000 people. In addition the region of Esslingen (25Km
away), with a population of 120,000 is delivering its waste, so MVA
Goeppingen now serves a population base of 350,000 people. To satisfy
the waste disposal and energy supply requirements of the area, both
furnaces are presently being operated full time. .

The boilers at Goeppingen are of the 4 pass design where the two
stage superheaters are located in the second pass and the evaporator
tubes are located in the third pass (Fig. 7). During the initial
operating period, the superheater tubes experienced excessive failure
rates from corrosion. Flow modelling and stack emission test were
conducted and these tests indicated: residual CO content in the gases
leaving the secondary chamber (insufficient turbulence in that zone)
and an extremely high HC1 content in the stack emissions. In 1975 to
1976, HC1 emissions in West Germany were 1imiEFd to 1500 mg/Nm”, but
testing showed emission rates up to 4500 mg/Nm” with spikes at higher
levels., Two actions were initiated. To correct the CO strains that
were present in the flue gases, the furnace shape and secondary air
ports were modified. To establish the source for the high HC1 content
an extensive testing of the plastics delivered to the plant was
conducted. It was determined that the source was a very small portion
of the total plastics stream coming from a synthetic materials
manufacturer in Goeppingen. When analyzed this waste material was
shown to have extremely high chlorine content and the manufacturer was
subsequently banned trom disposing that waste at MVA Goeppingen. With
the aBsence of that particular waste, HC1 emissions fell to 800 to 1000
mg/Nm and the severe wastage rate of the superheaters was
. eliminated. Presently, the superheater bundles have accrued between ,
12,000 and 20,000 operating hours and have .experienced only minor tube
failures.

The operating staff, excluding clerical and bookkeeping personnel,
totals 51 people. The majority of these people are divided amongst
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four (4) operating groups (Fig. 8) operating on three (3) shifts (Fig.
11). Each group consists of 8 people although only 6 are required for
operations, the remaining 2 being allocated as coverage for vacations,
holidays and illness. The personnel at the MVA who are cross-trained
as crane operators, boiler operators and turbine operators understand
fully the interrelationships of their positions 1in the overall
operating success of the facility.

The MVA maintenance staff is responsible for the everyday upkeep
of the facility and minor repairs for such items as cranes, bulky waste
shears, pumps, etc. Repairs are not effected by means of a schedule of
operating hours but rather repairs are only carried out when a specific
piece of equipment fails. For repairs that require longer periods of
time or are of a specialized nature, such as the turbine, scales, HVAC
equipment or boiler fireside cleaning, sub-contract labor is utilized.
0f the maintenance functions requiring sub-contract services, the one
occurring most frequently is that .of fireside cleaning. Fireside
cleanings are signalled by a rise in flue gas temperature and when the
threshold is approached, the unit is scheduled to be taken off-line and
cleaned. Boilers at MVA Goeppingen are cleaned using the water soak
and high pressure water wash method. While the actual cleaning period
is only 3 days, preparation and cleanup add 2 days: to the schedule.
After cleaning, procedures call for a general inspection of tube sur-
faces before returning the boiler to service.

As stated . earlier, with the additional waste flow being delivered
to MVA Goeppingen, both furnaces are in operation on a routine basis.
Loading of the furnaces is a function of the seasonal variations of the
waste flow and ranges from a low of 60% design rating to 100% of design
rating. In 1979, 151,000 tonnes of refuse were processed at the facil-
ity. Of this tonnage, 86,000 tonnes were residential wastes and 63,000
tonnes were commercial and industrial wastes. Commercial wastes are
defined as materials having characteristics ' similar to residential
wastes and industrial wastes consist mostly of such items as oil soaked
rags and distillation residues. In 1979, the waste throughput repre-
sented 72% of the plants total installed capacity. This will be in-
creased in 1980 to 81% due to a planned refuse flow of 170,000 tonnes.
For the first six months of 1980, an availability factor of 78.3% was
realized. '

MVA Goeppingen is operated on a break even basis typical of the
majority.of European installations. For 1979, the MVA had a budget of
14.6 million D. Marks which was allocated as follows:
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Expenses:
1. Capital interest and depreciation‘costé (31.5%) “4,5Q9,000

2. Collection and transportation of municipal refuse
(once per week per household for residential
collection and twice per year each for bulky wastes
and scrap) (28.5%) ' 4,161,000

3. Administrative and payroll costs (23.8%) ..3,747,800

4, Maintenance costs, insurénce, residue disposal,
vehicles, etc.(16.2%) , 2,365,200
: ‘ D.M. 14,600,000

Revenues:
1. Sales of heat and electricity © 3,300,000

2. Municipal waste disposal services
* (Multi-tenant residences 102 DM/year for
one 220 liter container - Single tenant
residences 62 DM/year for one 220 liter '
container) - 7,801,000

3. Commercial and industrial wastes delivered
by the waste generator are charged 55 DM
per tonne ‘ 3,499,000

D.M. 714,600,000

The relatively- low fees that are charged at MVA Goeppingen, in
comparison to some other facilities, result from two fortuitous circum-
stances. The first.is that the facility is fully utilized, which was
made possible by the committment of waste supply from the region of
Esslingen. Before the additional 40,000 tonnes per year were committ-
ed, this facility realized only a 50% utilization factor and the costs
per residential or commercial tonne were higher. Secondly, but equally
as important, the facility's energy utilization factor 1is very high.
"The plants ability to generate and sell both district heat and electri-
city means that the majority of the energy content of the wastes pro-
duces revenue. Due to the rising costs of energy and the increased
utilization of the facility, a reduction in disposal fees is being
planned for 1981.

Until recently, the problems of waste disposal and energy conser-
vation have not been as severe in North America as they had been in
Europe twenty years ago. Today we too recognize the value of encrgy

conservation and we are well aware of our environment and the need to -

protect it. . The viability, therefore, of implementing European waste
disposal methods (i.e., energy recovery technology) in North America is
increasing directly proportional to economic and environmental pres-
sures. VKW, with its experience and proven track record is well suited
to providing viable solutions to our waste disposal problems and has
made its technology available .in North America through an exclusive
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license arrangement with Browning-Ferris Industries, Inc. (BFI).

BFI is the nation's Tlargest publicly held waste systems company
providing collection, transfer processing and disposal services for
solid and liquid wastes. The corporation has a single, primary busi-
ness, that of providing waste related services, which it pursues in
approximately 150 locations in the United States, Canada and Puerto
Rico. BFI is headquartered in Houston, Texas and operates through
eight regional offices (Fig. 13). Project development and implementa-
tion of VKW technology applications will utilize the resources of BFI
headquarters in Houston and the regional - staff applicable to the
specific project location. Primary client contact and assessment of
project status will generally be carried out by BFI's district and
. regional staff. However; qualification, proposal and project

management functions will be the responsibility of the company's Energy
"~ Systems Division in Houston.

Implementation of BFI/VKW projects will be carried out by a team
consisting of BFI, VKW and generally, an engineering/construction firm.
Under this team approach, VKW will have multiple responsibilities.
During the planning and layout phase, VKW will provide inputs as to the
most economical arrangement of equipment, reflecting both capital and
operating cost inputs. In this capacity, VKW will interface through
BFI with the engineer/constructor to establish the engineering criteria
for the facility. As detail designs are completed both VKW and BFI
will perform a reviewing function to assure the project team, and the
client, of compliance to VKW criteria. During the manufacturing and
construction phases of the project, VKW will supply certain key pieces
of equipment such as the roller grate cages. The balance of plant
equipment supply however, will be obtained from local North American
sources. As the facility is constructed, VKW will provide experienced
supervisory personnel to assist in the erection of key components such
as the grate and the boiler and for specific inputs as required. Upon
construction completion,; specialized VKW personnel will assist in the
start-up of the plant. Since BFI has an interest and a committment to
the long term operation of these facilities, our license arrangement
provides for the training of BFI's key operating staff at one of VKW's
facilities in Europe. This capability provides the assurance that when
operations commence, the facility will have an operating staff with
"hands-on" experience in the day to day operating and ma1ntenance
procedures associated w1th VKW technology.

VKW type waste disposal plants sited in North America will be cus-
tom designed to suit project related waste supply and energy utiliza-
tion criteria, as they have been for all other VKW projects. It is in
developing the project plan, that the capital and operating economics
are determined. As illustrated in the Goeppingen example, maximum
utilization of installed capacity and maximum energy production will
certainly result in lowered overall costs.

Factors such as plant size, redundancy, auxiliary steaming cap-
ability and local environmental constraints have substantial impact on
capital costs. The need to guarantee energy supply, cost of fuel and
electricity, and residue ~disposal method have similar impacts on
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operating costs. The two key cost factors however are related to
equipment redundancies and energy utilization.

The first of these factors, redundancy, evo]ves from the require-
ment that the facility always be. capable of disposing of all the
refuse as it is generated. Since no piece of equipment can claim 100%
availability, the probabiity of component failures always exists.
Depending on the time of year and . the extent of the outage, remaining
units on-line in combination with some bunker storage can . probably
handle the waste flow. However, if the outage occurs during a period
of peak refuse flow, there are only two choices; bypass the excess to
landfill or dispose of the material in a stand-by furnace. Clearly the
latter option is more expensive.

The second factor, and maybe the more important is energy utiliza-
tion. Utilization not only has to do with the application but also
reflects such issues as condensate return and variable flow demands of
the steam user. These factors impact on costs for purchase of water,
chemicals, possibly auxiliary fuels, and repayment of capital and oper-
ations of extensive water treatment systems and condensers. Even so,
regardless of the design problems that may be associated with a steam
delivery application, steam as an energy outlet provides a much higher
energy utilization factor and revenues than pure electrical generation.
At utility purchase rates of 25 or 30 mils per Kwh, the potential
revenue per thousand pounds of steam is $2.50 to $3.00. On the other
hand, with low sulphur oil as a comparison generated steam is worth
around $7.00 per thousand pounds. Even if refuse generated steam is
offered at a discount, steam generally offers the highest income
potential and thus the best overall economics for the project. '

BFI believes that the combination prudent plant engineering and
proper energy utilization will result in many opportunities for favor-
able project implementation. We also believe that projects should be
implemented through competitive procurements on a total service or
chute-to-stack basis. While some facilities are certain to be built by
the latter procurement approach, we feel that the industry trend will
continue to be towards total service. At times this method may appear
more difficult to arrange, but it offers more rapid completion. The
effect of this should provide savings to the community at large, and a
single source of responsibility. '

‘ The requirements and capabilities for total service procurements
are well represented in BFI and its approach to project implementation.
As stated earlier, each opportunity will result in the creation of a
project team consisting of BFI, VKW and a major engineering/construc-
tion firm. The specific arrangements will depend upon the project's
needs. A1l technology requirements will be addressed by BFI, with
support from VKW. Plant operations will be carried out by BFI. When
project circumstances dictate and/or warrant it, BFI is also prepared
to take an equity position or full ownership. The conditions for such
an investment of resources are based solely on the projects ability to
make a fair return on the corporation's investment. Additionally, BFI
recognizes the need to make assurances to the client, and the
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investment community, on certain aspects of the projects performance
and will provide appropriate warranties and guarantees on project cost,
performance and operations, provided that those items- are under its
controls. For example, warranties of process performance will, of
course, be subject to the quality of waste being delivered as well as
the quantities. Construction cost guarantees can be offered only if
the project schedule is not delayed by outside forces. In the final
analysis any waste disposal project is a cooperative effort between
government and the supplier and thus, some risks must be shared by
each. :

CONCLUSIONS

VKW technology is a mature, well proven technology that has pro-
vided solutions to municipal, commercial and industrial waste disposal
problems worldwide. Backed by more than a century of experience in
engineering and manufacturing grates and boilers, VKW systems have
gained a reputation for durability and low maintenance costs. Avail-
able through BFI, the North American licensee, VKW systems techno]ogy
can provide a v1ab1e alternative solution to many of our grow1ng solid
and liquid waste disposal problems
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FiGURE 4.BOILER CONFIGURATIONS OF MVA KIEL
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PRESENTATIONS TO THE
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- TECHNOLOGY CONFERENCE
OCTOBER 29, 30, 31, 1980
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ABSTRACT |

Waste Managemenf, Inc is one of the world's largest waste
management services companies and has been a leader in the practical
development of resource recovery technologies. Waste Management, Inc.
holds the North American rights to market, construct, and operate
System Volund, the Danish-designed, mass combustion waste-to-energy
technology. Waste Management, Inc. operates as prime contractor for
System Volund in North America, providing full service contracts which
include facility construction, start-up, and long term opera'non,
supported with full construction and operational guarantees.

Volund has more than 50 years' experience in the design of waste-
to-energy systems. Volund plants have operated continuously for over 30
years, and with more than 75 plants currently operating, System Volund
is a proven, reliable technology. Because of the flexibility inherent in
the System's basic design, System Volund can supply high capacity:
systems to serve major urban areas and can be effectively scaled down to
provide smaller capacity systems to serve smaller communities or
portions of major urban areas. This provides added flexibility in securing
energy customers and in adapting the system to available quantities of
. waste. Energy recovered from waste can be produced in the form of
steam or electrical power. With many plants experiencing better than 85
percent availabillty, Systern Volund has a distinguished record of reliable
operation. : -
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WASTE MANAGEMENT'S ROLE IN SYSTEM DELIVERY
Mr. Harold Gershowitz

(o bw 3

This afternoon | shall describe Waste Management, Inc., our involvement with
various resource recovery technologies, and particularly our commitment to the
Danish-designed mass combustion technology, System Volund. My colleagues, Mr. Odd
Gilbu, Superintendent of the Volund West Plant in Copenhagen, Denmark, and
Mr. Gunnar Kjaer, President of Volund U.S.A. Ltd., will describe in detail the history,
design, and operation of System Volund.

Waste Management, Inc.

Waste Management, Inc. is, as our name clearly suggests, a company dedicated to
the orderly and complete management of society's waste materials. As one of the
world's leading waste management services companies, Waste Management provides a
broad range of municipal, commercial, and chemical waste management services in the
United States, Canada, and abroad. Since our incorporation as a publicly held entity in
1971, Waste Management has, we believe, developed a reputation as a financially
strong and stable enterprise, one that is well-managed, innovative, and. in.many
respects, rather aggressive. Three months ago our corporate debt was upgraded to "A"
by Moody's and by Standard & Poors, and our revenue and earnings growth over the
past several years has out-paced our industry as well as industry in general. Waste
Management sales will exceed one-half billion dollars in 1980, and we anticipate
reaching the one billion dollar mark well before this decade reaches its midpoint. The
company is owned by more than 6,000 individual shareholders, and our stock is traded
daily on the New York Stock Exchange. We believe we are clearly one of those
companies that brings strong financial credentials and strong management acumen to
the American resource recovery marketplace.

Resource Recovery Experience

Waste Management was among the first to-realize that waste can be a resource
and not merely a worthless but costly by-product of our society's growth. We believe
that resource recovery is a logical extension of our basic business and of our basic .
experience. This is not a new notion at Waste Management. To the contrary, there
has not been a period in our history that has not involved a commitment to resource
recovery. ‘

As an example, in the late 1950's, Waste Management's founders constructed and
operated in suburban Chicago, Illinois what was at that time the nation's largest
privately owned and operated waste-to-energy facility. This waste-to-energy facility,
which after nearly 20 years of continuous operation was converted to a waste transfer
center, was rated at 500 tons per day. The plant was equipped with twin 250-ton
‘Volund rotary kiln furnaces, and incorporated both energy and ferrous metal recovery
systems. Energy recovered as steam was sold to a neighboring industry, and recovered
ferrous was sold to the residual metals market as market conditions warranted. The
operation of this facility provided Waste Management -with extensive experience with
steam recovery and a thorough familiarization with System Volund.
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Waste Management also engineered, constructed, and currently operates under
long-term contract with the City of New Orleans, the 650-ton-per-day Recovery |
facility. Recovery | receives approximately one-half of New Orleans' municipally
collected solid wastes, shreds the material into small particles, recovers ferrous
metals in the waste stream, and disposes of non-recoverable shredded residue in an
adjacent landfill. Glass and aluminum recovery development efforts are continuing in
cooperation with the City of New Orleans and its resource recovery consultant, the
Washington, D.C.-based National Center for Resource Recovery. Also continuing are
technical and market development efforts to secure use of the shredded organic waste
fraction as refuse-derived fuel. Operation of Recovery | has given Waste Management
extensive practical front-end operating experience in the processing of municipal
waste.

Another developmental technology is the conversion of waste directly to fuel-
grade gas. Waste Management was selected by the United States Department of
Energy in 1975 to construct and operate a proof-of-concept solid waste gasification
plant. This gasification plant, known as RefCOM, is the nation's first large-scale
experimental facility for converting solid waste and sewage sludge to clean-burning
methane gas. Located in Pompano Beach, Florida, RefCOM is supplied with 100 tons
per day of processed solid waste from Waste Management's adjacenf |,400-ton-per-day -
Solid Waste Reduction Center. The RefCOM demonstration is providing basic data on
the quantity and quality of gas generated by the process, and also evaluation of design
and operating parameters.

Our Solid Waste Reduction Center in Pompano Beach and our joint effort with
Getty Synthetic Fuels to extract, purify, and market landfill gas represent other
interesting aspects of our involvement in the resource recovery field.

Thus, it can be seen that Waste Management's background and experience differs
significantly from that of many other companies involved in resource recovery. Our
extensive experience with the basic resource - waste - and our experience with
developing systems and_ technologies that can be used to manage and recover this
resource, provide us, we feel, with a meaningful understanding of the processes that
can be used to |mplemem‘ vnoble resource recovery systems. :

System Delivery

Our operational experience with the various resource recovery technologies has
convinced us that the most workable resource recovery technology is the mass
combustion, waste-to-energy process. Waste Management resolved to acquire this
capability, and in 1978 secured the exclusive North American rights to market,
construct, and operate System Volund. Waste Management is committed to System
" Volund because we are familiar with the system and because it is a proven, workable
technology which we can market with confidence to North American communities.

.In our role as prime contractor for System Volund in North America, we will
provide full-service contracts which include facility construction, start-up, and long-
. term operation, supported with appropriate construction and operational guarantees.

Waste Monogerﬁem‘ also has the. capability to provide complete system
integration, including waste disposal support activities such as waste transfer and land
disposal. Often overlooked in planning waste-to-energy systems is the requirement for
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well-planned and well-designed landfill capacity to handle lncmerofor residue and non-
combustible refuse. Also, waste transfer stations may be required to efﬂcnenﬂy
handle the waste stream.

_ It must be remembered that resource recovery facilities are not only energy
producing power plants, but also waste disposal systems which provide a needed service
to the community. |f this waste disposal function is interrupted, not only does a
required community service stop, but a potential health hazard is created. Proper
planning of the entire system is required, a capability for which Waste Management
has unique credentials.

We are actively pursuing several project opportunities at this time. Some of
these -have come through our response to Requests for Proposals. Requests for
Proposols are a good source of Volund oppor'runmes in those instances where the
issuing agency has done its homework and is, in fact, prepared to move forward with
project implementation.

In other instances, we are working with communities to help them develop waste-
to-energy systems. We are often in a good position to assist with such projects
because of our participation in the community's waste collection or disposal
operations. : :

Waste Management, Inc. and Volund Denmark are both principals of Volund
U.S.A. Ltd. which is represented here today by its President, Mr. Gunnar Kjaer.
Volund U.S.A. Ltd. is headquartered in Oak Brook, lllinois, and was established to
facilitate technology transfer from Europe to the North American marketplace.

Volund U.S.A. Ltd. will help assure that the Volund system is responsive to the
conditions of the North American market. It has a professional engineering staff in its
" ‘own right, but will draw upon engineering experience from Volund Denmark as well.
Volund U.S.A. Ltd. is also establishing relationships with reliable domestic equipment
suppliers so that North American equipment will be used to the greatest extent
possible. .

Waste Management's Engineering Department enjoys unique experience in the
delivery of a'wide variety of solid waste facilities and, when appropriate, we have also
teamed with the nation's leading A & E and construction management organizations for
projects mvolvmg major facility construction. For exomple, we worked with Bechtel
and J.A. Jones in developing our extensive facility in Saudi Arabia and we have been
working with the Boeing Company through Boeing Engineering and Construction on
various resource recovery projects under development here in the United States.

&
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SYSTEM VOLUND TECHNOLOGY
Mr. Gunnar Kjaer

_UM 7( '5‘ ﬂ'- o&—tobc
The Volund Group 4 T bo) B’V“""&" 3o

The Volund Group of Copenhagen, Denmark consists of several wholly owned
subsidiaries involved primarily in environmental and energy technology. Volund has
had a major role in Denmark's achievements in energy recovery from solid wastes.
Denmark leads the world in the utilization of its solid wastes with rmore than 65% of
its wastes being incinerated in -energy recovery plants, the majority of which were
.designed and suppled by Volund.

Throughout its 100-year history, the Volund Company has been distinguished by
its commitment to energy and energy-related systems and products and its active role
in the solution of environmental problems associated with waste disposal. Of its
current || divisions, seven are directly involved with energy and the environment, and
the majority of the 2,200 people in the Group work for these divisions.

Energy-Related Activity

Volund's Energy Technology and Heat Technology Divisions are widely recognized'

for their expertise in the design, production, and erection of boilers for residential,
utility, and industrial use. Both divisions also are engaged in the development and
design of alternative energy supplies, including fluidized bed incineration techniques
and heat pump systems, and in continuous research toward the improvement of
traditional methods with respecf to environmental concerns and combustion effncuen-
cies. :

The Energy Technology Division last year completed the largest fossil-fired
power station boiler plant in Scandinavia, rated at 1,950 tonnes of steam per hour (4.3
million pounds/hour) with an electric power output of 630 MW. It was designed,
.manufactured, and erected under a turnkey contract. Under the same type of
contract, two large fossil fuel and wood waste-fired boilers were supplied to an
industrial plant in East Germany. Presently, two large bagasse-fired steam boilers for
a sugar refinery in Vietnam are under construction.

The Energy Technology Division has specialized in the combushon of low grade
solid fuels, utilizing its own traveling grate for this purpose.

The Division also includes In ils operation the supply of dynamic and
electrostatic filters for removal of solid particles in gases and of carbon filters and
scrubber plants for removal of odors from air.

The Steel Construction Division is heavily involved in fabrication and erection of
steel constructions for the off-shore oil and gas drilling industry in the North Sea. It
~ecently completed a helicopter platform for a North Sea oil drilling rig in nine weeks

rom design to final installation. -

PR €]
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The Steel Construction Division is the Ioligesf Danish manufacturer of prefab
steel chimney stacks, and is also a major manufacturer of electro-hydraulic grapples
" for transport of refuse, clinker, clay, sand, etc. .

Kroll Kraner A/S is a highly specialized manufacturer of tower cranes. These
are mainly used in the building and construction industry, in shipyards and on docks.

However, the world's largest crane of this type was supplied to the energy
industry. . The crane, delivered I%2 years ago, is used for .the construction of Forked
River Nuclear Power Station, U.S.A. The crane will lift 264 kips on an arm of 269 feet
to a height of 270 feet.

Volund's Mechanical Services Division also participates in the Group's
energy/environment activities through the marketing of conveying systems for refuse
and processed wastes, and the fabrication and installation of piping for utility power
stations, incineration plants and large district heating works, including all of the work
for Copenhagen's district heating main network.

Finally, the Glass Fibre Division is becoming increasingly engaged in the
. development and manufacture of glass fibre reinforced wings for the large windmills
being installed in Denmark to generate energy from alternative energy sources.

~

Other Activities

Other Volund Divisions in Denmark manufacture domestic appliances, laundry
equipment for industrial, institutional and marine use.

Activities Abroad

Volund has subsidiaries or financial interests in companies in Sweden, West -

Germany, France, United Kingdom, Singapore and the U.S.A.

Incineration - Energy Recovery

Through its Environmental Division, Volund is one of the world's most
experienced companies in the design, construction, and installation of solid waste
incinerators with energy recovery. The Environmental Division develops and produces
systems for the incineration of solid, liquid, and chemical wastes and sewage sludge,
combining the disposal of these wastes with energy production as appropriate.

The world's first continuous-flow incinerators were designed and-installed by the
Volund Company in Denmark in 1931 and 1932 in the Copenhagen Boroughs of Gentofte
and Frederiksberg. Both of these plants made use of the heat released by the
incineration of refuse. In Gentofte, electricity was generated and in Frederiksberg

steam was supplied to the town's district heating scheme. Both plants operated until
* 1971 when they were replaced by two large incinerators serving the total Copenhagen
area. These plants, Copenhagen West, which Mr. Odd Gilbu will later describe, and

Copenhagen Amager, were also designed and manufactured by Volund. They both use
the waste mcmercmon process to supply the surrounding area with part of its energy |

needs.

N The Environmental Division of A/S Volund, Denmark is purely an engineering
division without any manufacturing facilities of its own. It is, as such, very flexible to
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nove into far away export markets, where the cost of 1ronsporfa'r|on is prohibitive for
Jeavy manufactured goods.

The process technology developed by the Volund Environmental Division has been
refined over a period of more than 50 years. The modern System Volund process for
"Mass Burning With Energy Recovery" is thus backed by solid expertise and experience
at the point of its introduction into the North American market.

The Volund technology has formed the basis for a world-wide network of license
arrangements and, over the years, more than [00 System Volund incineration plants
have been built all over the world, handling the refuse from cities with a total
population of close to 30 million people. Plants are in operation under a wide range of
climatic and socioeconomic conditions, in the Western industrial world as well as in the
Orient, from the Arctics of northern Scandinavia to the tropics of Thailand.

During the past two years, more than a dozen Volund mass burning systems have
been installed in five countries and an additional |5 are under construction, most of
which are designed for the production of steam for heating, process manufacturing, or
electrical generation, or superheated water. Plant sizes range from 50 tonnes per day
(55 tons/day) to 1,260 tonnes per day (1,390 tons/day) with unit sizes installed up to
420 'ronn;as‘ per day (460 tons/day) and developed in sizes up to 500 tonnes per day (550
tons/day). :

Most Volund plants in Europe and the Orient have been installed following
competitive bidding. In most cases, the contract has included design, manufacture,
and erection of the total plant with additional involvement in building design and
supervision of construction. In other cases, building and site development have been
included with the plant design, supply, and erection in a Volund turnkey contract.

Volund USA Ltd.

A/S Volund of Denmark had been represented in the U.S.A. beginning in 1940
- when a license agreement was originally signed with the American subsidiary of the
‘Danish F. L. Smidth Company. A total of || plants were built in the United States by
a licensee organization formed by F. L. Smidth and the Hardaway Construction
Company. These plants were built to achieve maximum volume reduction of the refuse
at the lowest possible cost. Energy was cheap and abundunt in this period and air
pollution standards were non-existent and, therefore, little consideration was given to
either energy recovery or pollution control equipment by the licensee. - Communication
between Volund and the licensee was impossible during the first part of the license
agreement because of the war, and very limited during later years when the licensee
marketed their own "off the shelf" design without consultation with Volund.

: As a result of this, Volund severed the connection when the agreement expired in
the m|d Seventies, and started looking for a new partner.

Changes in environmental legislation in the early Seventies made the type of
incinerators formerly installed in the U.S.A. obsolete, but at the same time offered
new opportunities for the modern Volund technology.

Volund tJSA Ltd. has been formed to exploit these new opportunities. The
)mpany became operational in the Spring of 1979. '
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Volund USA Ltd. is responsible for transfer of technology from Denmark to North

America and it is currently building up its staff to enable it to design, engineer, and

supply all equipment for major incineration plants with resource recovery. Waste
Management, Inc. has the right to market, construct,-and operate these plants in the
North American market.

Another responsibility of Volund USA Ltd. is to adapt Volund design to the
special conditions of the North American market. This includes finding North
American suppliers and subcontractors for the different components and equipment
needed to construct a modern waste burning facility. It also involves an adaption to
U.S. .and Canadian standards for pollution control, equipment and plant specification,
etc. Finally, it will allow us to provide a feedback to the Danish company which will
enable to keep up with the changes in the North American waste and environmental
situation. .

' For equipment supply, we shall, for some time, continue to buy a few special or
proprietary components from Europe, but the emphasis is on using North American
equipment built to our specifications to the largest possible extent. We expect North

American components to exceed 85% of the total in the first plant and to be increased .

in subsequent plants.

Plant Design and Technology

Disposal of refuse by incineration relies mainly on two technologies: Mechanical

Handling and Combustion Technology. The modern incinerator will operate on a 24- .

hour day, seven-days-per-week basis. It will therefore need storage facilities for the
"fuel" needed during the weekend, when refuse collection does not take place. For a
large incinerator, the necessary storage required is several thousand cubic yards,

taking into account - density of the refuse as off-loaded of about 5 cubic yards to a .

short ton (250 kg/m™). As shown in Figure |, the storage facility required is normally

arranged in the form of a refuse pit. The refuse trucks will tip their load into the ..

refuse pit from where it will be lifted by overhead cranes and fed into the receiving -

hopper of the refuse-burning furnaces. This whole area, including the tipping area, is
enclosed and the combustion air necessary for the furnaces is taken from this part of
the building. This maintains a slight underpressure which prevents odor and dust from
spreading outside the building enclosure. :

The refuse is gravity fed from the hopper through a chute into the furnace. The
furnace walls are refractory-lined in order to maintain a high and constant
temperature in the furnace chamber. A mechanical, reciprocating grate moves the
refuse forward and at the same time agitates it and breaks up the larger parts. The
combustion grates will normally be divided into three sections arranged in steps. On
these sections the refuse will dry out, ignite, and burn. In large furnaces, the last
grate section is followed by a rotary kiln which increases the residence time of the
refuse from approximately | hour up to 2-4 hours, thus ensuring a very thorough burn-
out of the residues. Once the combusﬁgn process is sfgrfed, he furnace temperature
will be maintained at approximately 950°-1025°C (1750°-1900°F). With today's refuse,
these temperatures can easily be maintained without the need for any auxiliary fuel.

Our design incorporates a separate, fully refractory-lined furnace. The heavy
refractory lining in the walls will sustain a constant temperature in the furnace
chamber under conditions of varying refuse heat values. This allows the furnace tc
maintain the proper combustion temperature even when difficult-to-burn refuse,
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owing to high moisture or ash content, is fed into the furnace. The refractory walls,
by releasing some of their absorbed heat, will keep the process going.
t
The result is the maximization of volume reduction and a residue with a
minimum content of putrescible matter and unburned carbon.

Furnace/Boiler Design

The advantages and disadvantages of waterwall-cooled incinerators compared
with refractory-lined incinerators has been debated in Europe for nearly two decades.
Prior to the late Fifties, refuse incineration furnaces were, as a matter of course, built
with refractory-lined walls. |t was widely accepted that the primary purpose of the
refuse incinerator was to dispose of refuse. That refuse incineration is best
accomplished in a refractory lined furnace has never been disputed. '

Around 1960, incinerator designs incorporating integrated boiler/furnaces with
unlined water tube cooled steel walls were introduced in an attempt to achieve a
higher theoretical fuel-to-energy efficiency. These designs have been known as
waterwall’ incinerators and were installed in large numbers through the Sixties and
Seventies by several incinerator manufacturers.

"Volund and others have continued to give priority to high reliability and
maximum burn-out because we see the mass burning plants as primarily a means of
disposing of the daily amount of refuse. Therefore, Volund still maintains a design
incorporating a refractory-lined incinerator with a separate boiler unit,

Volund is @ major manufacturer of waste and fossil fuel-fired waterwall boilers
for industrial and utility use with experience from boilers with steam outputs up to 4.4
million Ibs/hr (2,000 tonnes/hr). Volund was also, for a long time, the only company in
Europe with in-house experience in both boiler design and manufacture, as well as in
incinerator design and manufacture. As such, we were fully aware of the possibilities
and problems inherent in energy recovery from waste, and we were and are of the
opinion that the integrated waterwall boiler design is not the best possible solution to
this problem.

Early waterwall boiler designs were based on experience gained from boilers for
conventional solid fuels rather than on experience with solid waste. Thus, we find that
these designs tend to reflect only traditional boiler design requirements such as:

- High efficiency

- High pressure stability, i.e., the ability to withstand the required static
pressure on the water/steam side with minimum use of material in boiler
tube walls.

- Good steam quality without water droplets.

While these design goals are highly commendable, they are not sufficient for the
design of refuse incineration furnaces. Only rarely was adequate consideration given
to the inherent properties of solid waste and the special thermal conditions applicable
to its incineration. This became even more evident as larger incinerator units were

vilt which began to approach the size of small utility boilers.

’



238

Serious corrosion problems have plogued many of these systems, along wn'rh
problems resulting from slagging and sintering of ash and clinker on the boiler surface
after only a few years of operation.

The most dangerous hazards to incinerator reliability occur on the gas side of the
furnace-boiler system and is scheduled below:

- Fluctuating Gas Atmosphere
- Fouling

- Erosion

- Dew Point Corrosion

- High Temperature Corrosion

Dew point corrosion in plants with heat utilization is rare in boilers and in
"auxiliary equipment, i.e., gas ducts, electrostatic precipitators and I.D. fans, since
exhaust gas temperoture can easily be maintained well above the dew point
temperature.

High temperature corrosion, on the other hand, presents a serious threat to the
availability and also to the operational efficiency of the plant.

The reasons for high temperature corrosion are, today, well understood and it is
generally agreed that the following conditions should be avoided:

- The presence of local streaks of incompletely burned gases in the gas
passages of the boiler.

- Boiler wall temperatures (meml femperatures) exceeding 350-400°C (650-
750°F). (See Figure 2)

- The presence of a layer of flyash or clinker in a melhng phose oi1 lhe boller
surface.

Some investigations indicate that the most dangerous conditions are caused when
incompletely burned-out gases come in contact with the boiler walls, thereby causing
fluctuation between oxudlzmg and reducing atmospheres in the presence of high
temperatures and corrosive gases.

The occurence of melting temperatures ‘in the flyash and clinker layer, too, is
often caused by this local combustion of unburned gases raising the temperature
locally above the melting point.

It is, therefore, importdrﬂ to avoid the streuks of reducing atmosphere in the
boiler. This problem must be solved before the gas reaches the boiler rather than in
the boiler itself. :

Despite all efforts to mix the waste properly before it is fired into the.furnace,
waste remains a very heterogeneous fuel which burns with varying velocities' and
oxygen requirements. Therefore, local streaks of unburned gases with high carbon
monoxide content, as well as temperature fluctuations, will occur immediately above
the grate, despite the presence of excess air. These conditions are further promofed
by the very wide grate areas necessary in hlgh capacity incinerators.

A
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The combustion gases must be retained in the combustion zone long enough to
ensure that the gases are completely burned. out and properly mixed so that a
homogeneous oxidizing atmosphere is created prior to the gases entering the boiler.

Volund's two-way gas system and the special after-burn chamber allows the time,
temperature, and turbulence necessary for complete combustion of. the gases before
they enter the boiler (without any need for auxiliary fuel).

The flyash particles consist mainly of easily meltable clinker which remain soff
down to a temperature of approximately 600°C (1'100°F). Even after the suface of the
flyash porhcles is cooled below that temperature, the center remains soft for some °
time, increasing the risk of the por'ﬂcles sticking to the. boiler surface when they
flatten on impact.

The degree of clinker slagging and sintering is often the decisive factor in
determining when an incinerator must be taken out of operation for maintenance.
Therefore, it is important that flyash particles are burned out completely and are
effectively cooled down before entering the convection part of the boiler, where the
boiler tubes are positioned.

The first objective is achieved in the after-burn chamber. The second is met by
designing the gas passages to allow sufficient time in the radiation zone of the boiler -
(Figure 3). These objectives, we believe, are best achieved through a desigh
" incorporating a separate furnace and boiler.

Boiler Conditions

The steam pressure and temperature that can be obtained in the refuse burning
plant is a,function of the feed water pump pressure and the superheafer design and is
not, as sometimes suggested, a result of whether the incinerator is desngned as a
waterwall incinerator or as a seporcn‘e furnace with a tail-end boiler.

Combustion temperatures m,oll mojor waste burning systems are of the same
magnitude and, in every case, the design combustion temperatures give ample margin
to choose much higher steam Temperatures than those customarily used in waste
hurning. :

The steam temperatures, which may prudently be designed for, are a function of
the refuse composition and the resulting gas composition whlch onay be Jmore or less
corrosive.  Increasing ‘steam temperatures beyond 1350°-375°C  (650°-700°F) add
unnecessary risks to the refuse burning process without sugnlflcanﬂy improving the
waste-to-energy efficiency.

When steam is generated for process or heating pbrposes only, there is no
advantage gained from increasing steam temperatures unless specific processes
demand a higher. temperature.

If electricity is generated in a fully condensing turbine, the total ¢ gcle effncnency
may gain about one percentage point by raising steam temperatures 55°C (100°F), but
at the cost of considerable operational risks. In the case of co-generation in
backpressure turbines, total energy gain does not improve at all by increasing the

team temperature.
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The early Volund plant in Aarhus, Denmark,. Berofed from 1934 to 1955,
producing steam at 30 bar (445 psi) superheated to 425 C (797°F) as required by the
customer, which was the adjacent power station. Refuse, in those days, however,
contained more ash from residential coke and coal-fired furnaces ond was generally
less aggressive than today.

Modern refuse has a h-igh plastic content, a part of which is PVC that forms
hydrogen chloride in the combustion process. Hydrogen chloride also derives from
various other constituents in the refuse whereas sulfur connections are more scarce.

Hydrogen chloride is the most oggressive element in the incinerator gases and

the most dangerous in respect to corrosion of the boiler walls and superheater tubes.’

The attached graph (Reference Figure 2) shows the relanonshnp between boiler tube
'rempero'rure and corrosion rates. Superheater tube tempcrature is normally about 55°C
(100°F) higher than the temperature of the superheated steam. Based on this evidence
and on the Volund design philosophy, which gives priority to high reliability, we feel
that our customers are bes'r served by maintaining " steam temperotures below
approximately 350°-375°C (650°-700°F). However, if conditions so require, our design
allows us to go to higher steam temperatures.

Rotary Kiln and Residue Treatment

The rotary kiln has been a significant part of the Volund furnace design since the
first plant was installed in Gentofte in the late 20's. The rotary kiln serves as the last
part of the grate. in the larger plants, but is not normally economically justified for
smaller plants, say below 5-6 tons per hour capacity. The reasons for installing the
rotary kiln are as valid today as they were 50 years ago. The rotary kiln provides a
very high degree of flexibility and, thus, allows the plant to handle refuse of widely
varying compositions and heat values. The kiln increases the residence time of the
refuse in the furnace system up towards 2-4 hours compared with 45-60 minutes for a
typical incinerator with grate systems only. During this period, the final burn-out of
the residue takes place under a very active agitation. This results in an extremely
good burn-out of the residues with hardly any unburned carbon or putrescible material
in the residue. The process, furthermore, produces a residue in the form of a sintered

homogeneous clinker, in which heavy metals are bound in nonsoluble compounds. The

Danish Environmental Protection Agency, consequently, has concluded that clinker
from Volund rotary kiln incinerators may be deposited without any special precautions
in the form of impermeable layers of clay or plastic sheefs in the bottom of the
deposit area. .

- As a result, several large Volund incineration plants have been fitted with a
residue treatment plant for the incinerator residues. The volume of the residue has

‘already been reduced in the incineration process to approximately 5% compared to

that of the waste received. ‘By residue treatment, the amount which needs to be
landfilled is fur'rher reduced.

Through screening, all material over two inches is re’ramed The remainder
passes under a magnet which separates the ferrous metals. The non-ferrous clinker is
finally separated into a coarse fraction (2" to 2") and a fine fraction (under %").

The ferrous metal (approximatley 15%) is sold as scrap metal.

The coarse clinker (approxnmately 65%) is sold as hardcore and road foundation
material.

< %
-

i
L
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The fine fraction including the flyash (approximately 15%) is sold for use as
aggregate in the production of concrete slabs, curbstones, etc. :

Only the oversize material will have to be finally disposed of in a landfill and this
part represents only approximately 5% of the residue or I-1%% of the refuse originally
delivered to the plant.

Poliution Control -

oThe ggs temperature in the Volund incinerator is maintained at 900°-1000°C
(1650°-18307F). - This effectively kills all odors in the gases before they are emitted to
the atmosphere.

The Volund design, incorporating flue gas recirculation, further lends itself to
maintaining an even combustion.temperature throughout the furnace system, avoiding
temperature peaks and thus reducing the formation of NOX.

Volund plants are designed to meet all local air pollution control requirements.
Particulate matter is the predominant potential pollutant from refuse combustion.
Adequate particulate matter emission control has to date been achieved by the
installation of electrostatic precipitators. We are of the opinion that the electrostatic
precipitator presently represents the only proven technology for highly efficient .
particulate matter control.

Gaseous emission from a well designed and operated incinerator for municipal
solid waste does not represent a serious pollution problem compared to many other
pollution sources such as fossil fuel-burning plants, automobiles, industries, etc.

In most instances, the cost of control equipment for gaseous emission is not
justified for environmental reasons. In already heavily polluted areas, pollution control
equipment for gaseous emission may, however, be required. Pollution control
equipment in the form of gas scrubbers is available for this purpose and has been
installed in several Volund plants in Japan. :

Plant Operation Co.n'frol

Centralized plant control is a common feature in the modern Volund incineration
plant. Remote control of the refuse crane(s) from the central control room, using
semi-automatic cranes monitored by closed-circuit television, offers the advantage of
more consistent furnace loads. This optimizes plant throughput and will also reduce
maintenance costs. An added benefit is the possibility of reducing operating personnel.

Building Design

Refuse burning plants in Europe often provide energy in the form of superheated
water (or steam) to the extensive district heating systems in the towns and cities.
Because of this, the refuse burning plant is often located centrally in the town -- often
on the outskirts of a residential area. This has created high standards of building
design for this type of plant, and often considerably higher construction costs than
required if a plant is situated in a remote industrial area. '

~
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In North Amefica, such high standards of building design may not be required. In
these instances, building design can be adopted to meet local requirements, with
substantial savings in plant construction costs possible.

Plant Reliability

. The Volund mass burning system has evolved and been improved over the years as
have other technologies. It has operated successfully through the depression years of
the Thirties, the lean World War Il years, the affluent Fifties, Sixties, and Seventies,
~ and is serving efficiently in the energy-conscious Eighties. Some of the early plants
were in continuous operation for more than 40 years producing electricity and steam
for their communities.

_ Plant reliability and availability has, as a rule been of the order of approximately
85% depending upon availability of refuse. One of the two large Copenhagen plants
. last year operated at over 86% availability and other Volund plants have, on an annual
basis, handled as much as 120% of their nameplate capacity. '

It is a thoroughly proven technology that we are now introducing in the North
American market. ' '
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SYSTEM VOLUND OPERATION
I/S VESTFORBRAENDING Sk
Mr. Odd Gilbu

In Denmark, it has been a general rule that the collec’rlon, transport, and dlsposol
of waste is the responsubllny ‘of each municipality. The collection and transport is
handled either by a municipal service organization or through local private enterprise.

Because of scarcity of landfill area in Denmark, the disposal has been carried out
mainly by incineration with energy recovery, and this is rather complicated to handle
for the single municipality. It has, therefore, been a normal practice that
municipalities cooperate by establishing independent joint companies to take over the
disposal responsibility by building, financing, and operating incineration plants.

Ownership

I/S Vestforbraending is such a company, formed and owned by 12 municipalities:
Ballerup, Birkerod, Farum, Gentofte, Gladsaxe, Glostrup, Harley, Hillerod, Kobenhavn,
Nedre Smorum, Lyngby-Tarbaek, Rodovre. :
Loco'rfon

The plant of I/S Vestforbraending is centrally located in the area it is serving,
and also near the main roads, giving easy access to the plant. The area served has
600,000 inhabitants and contains a large number of diverse light industries.

Waste Quantity

During one year, approximately 365,000 tonnes (400,000 tons) of waste are
generated in the area and transported to the plant. Approximotely 15,000 tonnes of
domestic waste is transferred to other incineration plonfs in order to utilize their full
capacity for the production of district heating. The remaining 350,000 tonnes (385,000
tons) can be divided into two main groups:

" Domestic Refuse 221,000 Tonnes (243,000 Tons/Year)

Industrial Waste. 129,000 Tonnes (142,000 Tons/Year)
Total 350,000 Tonnes (385,000 Tons/Year)
Reception

' At the reception stage, the wastes are divided into two streams. The domestic

waste, as well as the light industrial waste, goes directly into the refuse pits, while all
" bulky waste goes to a crusher or sheor, reducing the waste to a maximum size of 3x 3.
feet.
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Three of the 12 mumcnpolmes served by 1/S Vest Incmercmon collect the refuse -
separately at the households in the following categories:

-~ Household refuse’
- Bottles

- Paper/cardboard
- lron

- Bulky waste

Incineration Plant

The incineration plant consists of three furnaces of 288 tonnes per day per line
and one furnace of 336 tonnes per day. These are the nominal capacities.

. In the daily operation, the plant operates an average of 3 x 330 tonnes per day
and | x 385 tonnes per day. In this way, our plant has more than enough capacity to
treat the 350,000 tonnes (385,000 tons) of waste per year with only three umfs in
operation. . .

Heat Recovery

up!'

Though the main funcflon of the.plant is refuse treatment, the heat recovery has»-
become an increasingly important part of our activities. The heat is recovered in
pressurized hot-water boilers and utilized in a district heating system which is made up
of two distribution areas.

Today, approximately 210,000 MWH (720,000'million BTU) are sold in the
Northern distribution area annually. Within a few years, the Western distribution area

~ will be totally extended, enabling us to sell approximately 470,000 MWH/year
(1,400,000 million BTU/year).

Residue Treatment

The residue from the incineration process - the clinker - contains up to 10-15%
iron. : :

Normally, the clinker will be disposed of in a landfill. Through intensive
research, we have been able to get approval from the authorities to utilize the coarse
clinker as foundation material for parking lots, roads, etc., and the fine clinker as base
material in production of concrete products. '

After a storage time of 24 hours in the clinker silo, the raw clinker is seporuréd

intos
- Fine Clinker, Grain Size 0- 5 mm (0.0-0.2 inch)
- Coarse Clinker, Grain Size 5-50 mm (0.2-2.0 inch)
- and lron

We producé annually about 88,000 tons of raw clinker, approxima'rely'|6,000 tons
‘of iron, approximately 66,000 tons of coarse clinker, and approximately 6,000 tons fine
clinker, all of which is sold.
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Landfill

In spite of the sale of certain residues, it is necessary to operate a sanitary
landfill in connection with the incineration plant in order to dispose of a number of
waste types, such as building waste, flyash, sludge, etc.

It is evndent that the size of the necessary landfill is very much dependent on the
possibilities to utilize the residues from the incineration. Our landfill has a capacity
of approximately 180,000 to 230,000 tonnes, which should be compared to the amount
of waste we are treating. We expect to have landfill capacity for opprox1mately five
to seven years. .

Organizat ion

As you will see, we are not only a refuse treatment facility, but also a district
heating station and a material recovery facility, all operated on an independent basis.

Our management must, therefore, maintain all external and internal affairs such

as general reports, budget, estimates, accounting, sales work, staff management, etc.,
and our operational staff has to operate and maintain the incinerator plant, the district
heating facility, the separate collection system, the clinker treatment system, and the

sanitary landfill. In total, we have the following number of employees:
Management , 14
Operation staff ' : 30
Maintenance 27

Reception of Waste 12
Clinker Separation : 4
Sanitary Landfill o 3
‘District Heating » _8

Total o 98

The staff involved with incineration accounts for:

Management 9 persons
Operation ' : 30 persons
Maintenance . 20 persons
Reception 8 persons
~ Clinker separation .. 4 persons
Total 71 persons

At a normal eight hours duty, the direct plant operating personnel accounts for:

Mechanical Engineer‘ - | person
Furnace Attendant | person
Boiler Attendant | person .
Crane Operator 2 _persons
Total 5 persons

wecause of Danish limitations on working hours, holiday requirements, sick leave, etc.,
six full crews have to be allowed for to operate the plant continuously.

107
A\
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Planning of Operation -

I/S Vest Incinerator has two main objectives:

- to dispose of waste;
- to produce and deliver energy.

Our planning must, therefore, pay regard to both fhese objectives which
sometimes causes some difficulties. .

The amount of waste delivered to the plant and the amount of energy produced
does not correspond to the amount of energy which can be sold. The refuse quantities
in the summertime are Inrger than the annual averuye, whereas the district heating
system energy demand is considerably lower in the summertime than the annual
average. The annual plant operations plan takes into account seasonal waste variation.
Normal operation calls for three furnaces in operation. This allows the objectives of
both refuse disposal and energy supply to be covered.

The fact that our requirements nearly always can be met with three furnaces in
operation allows us to always have one furnace out of operation and thus schedule

preventive maintenance. On a yearly basis, we -are planning the period of operation of -+
each furnace according to the refuse amounts. If needed, each furnace operating

period could be expanded by approximately three weeeks if a tight planning of the
maintenance work is carried out. The reliability of the 10-year-old plant allows us to
utilize more than 95% of the pre-scheduled time of operation. <

During each scheduled stop, the plant is inspected and its condition is evaluated
to determine whether the maintenance program is sufficient or if adjustment has to be
made. On this basis, management can prepare a realistic maintenance budget.

Operation Experience

The waste delivered to a mass combustion facility is a very heterogeneous type
of material with considerable variation in both composmon, physical size and heat
volue. '

The combustion of waste is, therefore, a very demanding type of operation, a
fact which has to be taken into consideration when choosing the kind of equipment you
have .to apply in the process. [f the equipment does not meet these demands,
unscheduled stops of operation are bound to happen and the total availability of the
plant is reduced considerably.

This philosophy was used in the plonning of our facility and the design of our
process equipment is made with due regard to these facts.

Even though this is the case, and despite the pre-preparation of the bulky waste
before incineration, we have experienced that larger items, such as section steel
profiles, bicycles, or even parts of car bodies, have caused problems in the chute or the
clinker discharge, resulting in reduced operation time. We have, however, never
experienced any damage of the equipment as a result of this.

We operate in the temperature range of 140 degrees Centigrade ((284 degrees
Fahrenheit) at the boiler inlet and 175 degrees Centigrade (350 degrees Fahrenheit) at
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the boiler outlet. We have consequently experienced very little boiler corrosion during
our |0-year period of operation.

The flue gas temperature after the boiler is between 280 to 350 degrees
Centigrade (540 to 660 degrees Fahrenheit), which is the result of operating at greater
than design capocny as previously noted.

Our plant has had no difficulties in meeting waste handling design capacity with
respect to nominal load through a period of operation, which will be seen from the
curves shown. Most of the period we are working above the design capacity and have
the capability of operating at a higher capacity than originally planned.

. 1/S West Incinerator is, of course, subject to strict environmental demands, as’
shown in Table 1.

In order to control our conditions of operation in this respect, we are operating
" according to an environmental program to ensure that we can meet the demands of the
authorities.

In this respect, it is very difficult to generalize and make comparisons from plant
to plant as the composition and properties of the waste can vary considerably. We
have, while depending on the seasons, experienced clinker formations on the furnace
walls, in some cases after only 600-800 hours of operation. While we can eliminate
this problem 'rhrough opercmonol controls, this problem has also been solved by using
air-cooled ceramic walls in our new furnace design.

Despi're‘the inevitable minor plant operational problems, the 1/S Vest plant has
been in continuous operation for almost |10 years, and during that period of time, has
processed. over 2.4 million tonnes (2.6) rmlllon tons) of industrial, commercial, and
residential waste.
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COMMISSIONING TEST

WEST INCINERATOR PLANT, UNIT 4

Test Date: October 18, 1979

Hours of Operation After Boiler Cleaning: 1400 Ho'Urs

" Actual-

ESP Efficiency

“Meiric ~ Guarantee Actual American Guarantee
A Units -__Requirement _Performance Units Reguirement _Performance
Effective Test S ‘ :
Period Hours 7 7 Hours 7 7
Waste Quantity - Tonnes/Hr 14.0 20.2 Short Tons/Hr 15.4 22.2
LHV of Waste KJ/Kg 5,000- 8165 BTU/b 2200- 3513
10,500 . ‘ 4500

Boiler Output MWH/H -- 26.3 10% BTU/Hr . 89.7
Unburned Carbon ' E -
in Clinker % of D.S. 4-6 4.3 % of D.S. 4-¢ 4.3
Putrescible in : :
Clinker % of D.S. 0.15 0.11 % of D.S. 0.15 0.11
After Electrostatic Precipitator ‘
Flue Gas :
Temperoture - 9C . - 338 °F - 640
COZ % -- 6.7 % -- 6.7
Solid Particulate mg/m3 at 150 33 gr/dscf at 0.11 0.02
Emissions 7% CO2 12% CO2 '

% -- 98.7 % -- 98.7

.9
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'SYSTEM ECONOMICS . wawf o )
Mr. Harold Gershownfimfm/ﬁ/ Yma bobhe b(\,,yodbz o

As previously discussed, it is the intention of Waste Management to pursue mass
combustion, waste-to-energy opportunities as a full-service contractor. Systems which
we propose will be constructed and, wherever appropriate, operated by Waste
Management. Waste Management is prepared to undertake such commitments for -
either publicly owned facilities, or for facilities which will be financed through the
sale of project revenue bonds and owned by Waste Management. .

Market Factors

Having stated our intention to actively pursue these projects, we would like to
present our perception of the current market for waste-to-energy systems. Various
important events have occurred which enhance the viability of resource recovery.
First, the cost of alternative disposal, that is, the cost of environmentally-sound
sanitary landfill, has increased dramatically in recent years. The promulgation of
regulations -under the Resource Conservation and Recovery Act will almost certainly
further increase the cost of sanitary landfill. "Land disposal sites serving major
.metropolitan cities are being located greater and greater distances from the cities
that depend on them. Consequently, many major urban areas will, eventually,
encounter combined waste transfer and landfill costs as part of their disposal program.
To further exacerbate this problem, land required for new sites.will tend to be many
times more expensive than was the land for the equivalent number of original acres
bemg replaced.

Concurrent with these dramatic changes in-the cost of land disposal, there has
also been a dramatic increase in the cost of fossil fuel. The real prices actually paid
by American industry for fossil fuel during the decade of the 1970's, adjusted for all
the effects of general price inflation by using the Gross National Product Implicit
Price Deflator and stated in 1979 dollars, increased as follows:

- The price of coal doubled from $.62 per million BTU's to $1.33.

- The price of natural gas increased nearly 3% times from $.65 per- million
BTU's to §2.18.

- The price of fuel oil used by industry increased from $.84 in 1970 to $3.46 per
. million BTU's in 1979 -- an increase of 410%. '

Please remember that these are inflation adjusted increases, not actual price
increases. For instance, industrial fuel oil prices, before inflationary cdjustmenf,
actually increased by 750% during 'rhe period.
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Energy Revenues

Energy recovered from solid waste in a Volund plant can be delivered in several
- forms, including hot water, low or high temperature steam, or electricity. The state
regulations currently being promulgated in response to Section 2[0 of the Public
Utilities Regulatory Policy Act, or PURPA, should tend to increase the energy
revenues a waste-to-energy facility would reahze from the sale of electricity to a
utility. However, the most- valuable form of delivered energy will continue to be
steam, particularly steam utilized by industry or for district heating purposes. Using
certain technical assumptions, the saleable energy from a ton of refuse is about 5
million BTU's. Assuming a fuel oil price of only $.75 per gallon, this refuse energy has
a value of about $28.50 per ton of refuse. At the equivalent fuel cost of coal or
natural gas, the saleable energy from a ton of refuse is from $15.00 to $25.00 per ton.
Since these energy revenues are income which help offset the debl' service and
opcrating cust of a facility, net disposal costs, that is, total costs less energy revenues,
will obviously be minimized where energy.can be sold as steam at fuel oil equivalent
prices.

Thus, it can be seen that basic economic forces are moving in directions that
enhance the economic viability of mass combustion systems. The increasing costs of
energy will continue to increase the income potential of these energy-producing
facilities while the increasing cost of land disposal will make the plant's waste disposal
function more competitive with land disposal. These economic forces, which enhance
the economic viability of waste-to-energy systems, are most pronounced in major
urban areas. In these areas, it is most often found that the cost of energy is high and
that the cost of land disposal is high. To service a significant portion of a major urban
area, a large capacity facility is likely to be required. While it is recognized that
capital and operating costs could vary significantly with various specific locations and
requirements, we will examine a typical 1,000-ton-per-day steam-producing facility.

Typical Plant Economics

- A typical 1,000-ton-per-day Volund plant would have three lines, each rated at
about 335 tons per day capacity. The structure housing the equipment would be of
steel and concrete construction, with allowance for office and maintenance facilities.
While an inordinate degree of architecture is not assumed, substantial construction is.
European waste-to-energy technology has proven to be viable as a long-term disposal
and resource recovery option. Therefore, the construction of System Volund facilities
will be of the quoln‘y to support a plant with an extended lifetime, in excess of 20
years.

A Volund facility of this type would cost approximately $45 million in current
dollars, or about $45,000 per ton of daily capacity. Bond reserve and other financing
costs would add another $I5 million. Therefore, the total project cost would be
approximately $60 million. '

This plant's capacity at | 000 tons per day is equivalent to 365,000 tons of refuse
annually. Usmg an 82% GVOIIOblIl‘l’)’ factor, which is somewhat more conservative than
Volund experience has demonstrated, annual throughput will be 300,000 tons of refuse.
We will use some reasonable assumptions to analyze .the impact of energy credits and
inflation on a typical energy recovery plant.

Annual debf service on a bond issue financing this facility, assuming a tax-
exemp'r bond issue at an 8% rate, would be approximately $6 million. On a per ton of
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" refuse processed basis, this equals about $20.00 per ton. Experience suggests operating
and maintenance costs in the area of $13.00 per ton would be reasonable. Therefore,
total facility costs, debt service at $20.00 per ton and O & M costs of about $13.00 per
ton, would be about $33.00 per ton of refuse, assuming 300,000 tons of refuse
processed annually. (Reference Table II)

Revenues received from energy sales would provide a substantial offset to these
costs. If, for instance, total plant steam output, net of internal use, were sold at $4.50
per thousand pounds, energy revenues would be approxnmo’rely $22.50 per ton of refuse.
Assuming total operations cost of $33.00 per ton, it can be seen that the net disposal
cost would be $10.50 per ton of refuse. Thus, in those morkefs where the combined
costs of transfer and disposal exceed $10.50 per ton of refuse, such a facility would be
consndered viable. ’

TABLE I

Hypothetical
Waste-To-Energy Plant Costs
Typical 1,000-Ton-Per-Day Plant

i

Capital Costs

.,

[,000-Ton-Per-Day Plant L $45 Million

Bond Reserve and Other chmcmg Costs _ I5 Million
Total Capital Costs " $60 Million

Cost Per Ton (300,000 Tons Per Year)

Debt Service @ 8% (Tax Exempt) $20.00

Operating and Maintenance 13.00
Total Cost Per Ton - $33.00

Energy ReQenues Per Ton

(54.50/Thousand Pounds Steam) 22.50
Net Disposal Cost Per Ton A - $10.50

Usmg this basic type of analysis, one can, by odjushng the data for specific plant
sites, energy customers, and existing disposal costs, in general terms, determine the
viability of a mass combustion waste-to-energy system. -

Effect of Inflation on Plant Economics

Reviewing the costs of a waste-to-energy plant, It can be seen that a major
portion, about 60%, of the total operating costs- will be debt service, which is fixed and
will not vary with inflation. Let's assume energy revenues, which are tied to fuel
equivalent costs, will increase with a rate at least equivalent to the rate of inflation in
general. For example, if we assume overall escalation of 10% per year, then gate fees
and energy revenues will double every seven years, while over one-half of the facility's
cost structure (that is, debt service) will remain fixed. The beneficial consequences of
inflation when applied to a high fixed cost facility are obvious. The escalation of the
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revenve stream should far outstrip the escalation in variable costs which will be
expenenced in such a plant, enhoncmg the cost performance of a wosfe-to-energy
plant in later yeors.

If one accepts the assumptions that land disposal costs will continue to rise, that
land available for landfill will continue to diminish, that the price of fossil fuel will
continue to escalate, and that resource recovery facilities will continue to have a high
ratio of fixed to variable costs, then, by definition, the economic performonce of
resource recovery plonts will improve in the future.

Economies of Scale in Plant Size

Waste Management and Volund have studied the capital and operating costs of
smaller scale Volund plants, i.e., 300 to 800 tons per day, and are convinced that such
facililies can be economically competitive with larger scale plants. Without question,
both capital and operating costs increase on a per ton basis as the facility is scaled

‘down in size. However, we believe that these slightly higher costs can often be more

than offset by certain economies that are associated with smaller plant size.

While some of the world's largest mass combustion plants are Volund plants such
as the new 2,000-ton-per-day facility under construction in Moscow, it is interesting to
note that, worldwide, over 70 Volund-designed facilities have been constructed, or are
currently under construction, that have capacities less than 500 tons per day. Most of
these smaller-capacity plants have multiple process lines, enhancing availability and ~
reliability. This same technology can be transferred to North America, and a
significant body of economics supports its use.

One significant factor in developing a viable resource recovery system is
arranging for an energy customer that is willing and capable of purchasing steam or
other energy products at a fair price under long-term contract. The energy customer
must have energy requirements that correspond to the energy that can be produced
from available refuse. If a waste-to-energy facility can sell only a portion of the
energy it produces, the economics of the entire system is degraded. It does little good
to find an energy customer that requires 100,000 pounds of steam per hour when the
system will produce two or three times that quantity, or when seasonal or daily
fluctuations in steam use require that significant portions of s'reom produced by the
facility be dumped.

Those with experience in attempting to locate energy customers know that stable
industrial steam users that regularly consume over 150,000 pounds of steam per hour
are difficult to find. On the other hand, there are many more steam users that
consume 50,000 to 100,000 pounds of steam hourly. Ideally, the resource recovery
plant will be sized to provide base load steam demands with the energy customer
generating his own peaking needs. Such an arrangement allows the resource recovery
plant to sell a high proportion of its available energy, and the economics of the entire
system will therefore significantly benefit. The value of energy is such an
overwhelming economic factor in the net cost of a waste-to-energy plant that it can
easily overcome the relatively minor differences in cost related to a reduced economy
of scale. For example, a $1.00 per thousand pound difference in steam. price is
equivalent to more than $5.00 per ton of solid waste processed, a difference in revenue
that would cover a major part of any cost variance resulting from economies of scale.
Therefore, solid waste planners should give careful consideration to sizing plants ta
meet energy customer needs even at the expense of some loss in economies of scale.
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Similarly, the cost of hauling waste to a large centralized facility should be
taken into consideration. If we assume a cost of solid waste transport of 15¢ to 20¢ per
ton mile, and that a centralized plant increases the average haul distance 10 miles
over that which would be experienced with two or more smaller plants located closer
to waste generation, we see that added hauling costs of up to $2.00 per ton will be
incurred. The elimination of this added hauling cost will greatly diminish the
differential in cost between small and large energy recovery facilities.

Waste availability is a further consideration. A number of waste-to-energy
plants are struggling today, or have not gotten off the ground, because of the difficulty
of marshalling the large quantities of waste needed for economic operations. And
smaller communities have often not seriously considered resource recovery because
they have only 100,000 or 150,000 tons of waste.

We urge consideration of smaller systems for larger communities when it is
evident that there will be difficulties in obtaining sufficient waste to justify the ideal,
large-scale system. Since less waste is required for the smaller system, there will be
fewer institutional problems in obtaining the waste needed and, consequently,
implementation delays will be reduced. With the rate of inflation we have been
experiencing in recent years, a reduction in the time for system implementation can
often result in a smaller facility in place at no more dollars per ton of capacity than
the larger system built some time later. ~ As an example, a delay of two years in
implementing a resource recovery facility will increase its capital cost at least 20%

due to inflationary increases in costs. This may more than offset the extra costs of

the smaller plant.

We would also urge smaller communities to look at waste-to-energy systems. We
believe that systems designed for around 100,000 tons per year can be as economically
viable as larger systems if the energy customer is carefully selected. Cities and other
waste producing areas with this quantity of refuse available should study waste-to-
energy systems carefully rather than be discouraged by those who say that resource
recovery is only for major urban areas.

Project Financing

Financing of capital intensive waste-to-energy projects is clearly a key issue,
upon which the success of a project depends. Waste Management is prepared to play a
major role in providing the guarantees that are necessary for financing these facilities
with project revenue bond financing. Of course, guarantees of energy purchase, refuse
availability, and tipping fees must be provided by other project participants. However,
Waste Management will participate in project financing and provide various important
guarantees.

Waste Management, as prime contractor, will be responsible for delivering the
facility at the price agreed upon.

Waste Management, as long-term system operator, will stand behind the
operational integrity of the plant. We will provide assurance that the system will
deliver the quantity and quality of saleable energy products that are key to achieving
planned for energy revenues. We will guarantee to operate and maintain the plant for
the duration of the operating agreement. This role requires that we assume significant
operating risks, the ussumption of which are key to financing the project. We are
prepared to assume these risks because of Volund's operating track record which is
proven and because of our own experience operating this technology.

"t
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And finally, Waste Management is prepared to take an appropriate equity
position when such a contribution improves overall project economics. As most of you
know, many financing scenarios are predicated on a limited equity contribution by the
operator in return for which beneficial tax ownership is obtained by the operator. In
principle, all or most of the return on equity investment required by the operator will
be obtained from tax credits and accelerated depreciation. In this case, the amount of
financing needed for the project is reduced and, therefore, project economics are
improved.

Summary

Waste Mangement, Inc. is pleased to represent System Volund.in North America.
System Volund, as discussed by Mr. Kjaer and Mr. Gilbu, is one of the more proven
technologies of its type in the world. [t is the result of hundreds of thousands of
engineering man-hours devoted to the design and refinement of a waste-to-energy
system that has processed millions of tons of waste over the span of half a century.

As indicated, Waste Management will provide System Volund waste-to-energy’
plants on a full service basis and we will guarantee the operational integrity of the
facility. And, where appropriate, we can.offer the capability for design and
management of the entire solid waste system including transfer and residue and non-
combustible refuse landfill. :
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SESSION V: CONFERENCE WRAPUP
| Moderatoh: Lanny' Hickman (Hickman Assoc.) |
‘Panelists: Henri—Claude Bailly “

-~ Richard B. Engdahl

Steve Levy
Charlotte Rines
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Th1s final sess1on provided an opportun1ty for systems representatives
and meeting part1c1pants to exchange information and address questions to
speakers from each of the three Waste-to- Energy Sessions. Mr. Hickman gave
a brief summary of the conference and thanked all part1c1pants.
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