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AMERICAN AND EUROPEAN VIEWPOINTS 
ON THE COMBINED OPERATION OF ELECTRIC 

AND STEAM SERVICE 

Ward F. Davidson* 

... 

(In this paper the author reviews the analytical steps necessary to estimate equip
ment and full savings that may be expected from combined operation, and then 
presents summaries of four particular cases where analyses have been made in 
recent years-in New York, Rotterdam, Paris and Denmark. 

His general conclusion was that the best balance is reached when the base 
steam load is supplied by a combined station and the peak load by boiler plants 
as near as practical to the principal load centers.) 

The combined operation of electric and steam service is not new. 
Almost from the days of their beginnings, electric and steam companies, 
and industrial companies in related fields, have recognized that there 
were possibilities of worth-while savings in combined operations. It is a 
matter of record that in the middle I880's the United States Illuminating 
Company in New York bought steam for the engines in one of its sta
tions from the New York Steam Company. 

The technical and economic problems of these operations have been 
carefully analyzed and were well understood, and another paper discuss
ing the subject might seem quite uncalled for. However, important 
changes have taken place during recent years in many of the basic factors 
and others have undergone shifts in their relative importance. Electric 
and steam loads have increased manyfold and have changed in their 
characteristics; large advances have been made in technological fields, 
especially those which have made possible higher pressures and tempera
tures; costs have increased greatly but by no means uniformly in all 
areas. Thus, new values must be assigned, and simplifying assumptions 
that were sound and tenable some years ago must be re-examined. All 
in all, there is need for a new stock-taking that we may be sure that our 
present thinking and practices are abreast of the time. 

The present paper first will review the analytical steps necessary to 
estimate equipment and fuel savings that may be expected from com
bined opration, and then will present summaries of four particular cases 
where analyses have been made in recent years. One case is in New 
York, the others are in Europe-in Rotterdam, in Paris, and in Denmark. 
For information as to the first, the author will depend on personal knowl
edge; for information as to the remaining three, he will draw on papers 

* Research Engineer, Consolidated Edison Company of New York, Inc. 
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presented before the Fuel Economy Conference of the World Power Con
ference at The Hague in September, 1947. 

It will not be necessary for the purpose of the present discussion to 
consider how any savings that may be realized from combined operations 
should be allocated as between the steam and the electric services. This, 
after all is more a matter for determination on the basis of business policy 
than on any basis of engineering analysis. 

It will also be convenient, and not introduce any serious errors, to 
assume that savings arising from reduced plant facilities are independent 
of savings from improved efficiency or a lower fuel consumption. 

The simplest scheme of combined operations, and the easiest one to 
analyze, is that in which common boiler facilities are used for at least 
part of the load of each service. If the load curves for the two systems 
have the same form, there will be no diversity and the necessary boiler 
capacity will be the sum of the demands made by the two systems, in
cluding any necessary reserve for stand by. Under these conditions, 
which are recognized as quite artificial, the only savings will be those 
made possible by a reduction in stand by facilities and such savings as 
come from lower labor costs. 

In reality the daily and annual load curves for steam systems and 
electric systems are never the same. To illustrate, consider the daily 
load curves shown in Fig. 1. These are for a typical winter day in New 
York during the 1945 peak season. To facilitate computations, the steam 
system demand has been expressed in megawatts rather than in thousands 
of pounds of steam per hour. Conversion from one unit to the other 
assumes that 1,000 pounds of steam per hour is the equivalent of 80 kw. 
The most important data at the moment are the peak loads. As shown 
by the calculations summarized in Table I, if the systems are inde
pendently operated each system must have a boiler capacity adequate 
to meet its peak load with a margin for operating reserve. The total 
capacity in this case is 2,621 mw. On the other hand, if interconnections 
for combined use are available, the total needed boiler capacity is 2,469 
mw. The reduction of 152 row is the result of a reduction of 92 mw in 
the coincident peak demands and the elimination of 60 row of operating 
reserve provided for the steam system when it would have to depend 
fully on its own facilities to meet emergency conditions. In numbers 
that may be easier to visualize, these mean capacity savings of 1,150,000 
lb per hr from diversity and 750,000 lb per hr from pooling. 

Since these savings are predominantly in plant capacity, they will 
appear for the most part as reductions in carrying charges to cover the 
plant investment. For the present it is unnecessary to undertake the 
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FIG. 1.- Typical Daily Load Curves. 
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TABLE I 
CAPACITY SAVING FROM COMBINED OPERATION 

For Daily Load C1trve of Fig. 1 

1. Independent Operation 
Independent peaks - steam .. ...... ..... .... .. . .. ..... . ... ... . 

" " - electric . . . .. .. . . . .. ... . . .... . .. .. .. . .. . . 
" " - total ... .... . . . ... .. ...... . .. .. . ... . . .. . 

Operating reserve - steam ......... . ....... .. .......... .. ... . 
" " - electric .................. .. ........ .. .. . 

Total boiler capacity needed . .. ....... . . . .... . . .. . . .... .. . . . .. . 
2. Combined Operation 

Coincident peak - steam ...... . ............. .. ...... .. . . . . 
'' '' - electric ....... . . . ...................... . 
" " - total . ..................... . ..... . ..... . 

Operating reserve - steam ..... .. .... ..... . . ... .. . . .. ... . ... . 
" '' - electric ... .. . . . . . .. .. .. . ...... .. ..... . . . 

Total boiler capacity needed ........ . .. ... .............. . ..... . 
3. Reduction in boiler capacity by combined operation .......... ... .. . 
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Megawatts 

403 
1,998 
2,401 

60 
160 

2,621 

311 
1,998 
2,309 

0 
160 

2,469 
152 

NOTE: On an assumed equivalence of 12.5 lb steam per kwhr, the capacity reduc
tion may be stated as 1,150,000 lb per hr from diversity; 750,000 lb per hr 
from pooling. 

calculation in terms of dollars, the more so since each case requires 
analysis on the basis of local conditions. 

Other, and often more important, savings can be made in many cases 
by the use of topping turbines or of back-pressure or bleeder turbines of 
some type. To illustrate what can be done in this direction, reference is 
again made to New York. 

When a program of modernization now under way is completed, about 
1950, the Waterside Stations of the Consolidated Edison Company of 
New York will have ten boilers with a combined rating of about 6,000,000 
lb per hr of steam at pressures in the range of 1200-1600 psig and tem
peratures in the range of 900-950 F. There will be six topping turbo
generator units with a combined rating of 336 mw and 8 low pressure 
turbo-generator units with a combined rating of 322 mw, or a total for 
the 14 units of 658 mw. The exhaust pressure of the topping units is 
about 200 psig. Since the topping units and the low pressure units are 
mechanically independent, it is possible to take steam from the inter
mediate pressure steam headers for sendout to the New York Steam 
Corporation. 

In expanding through the topping turbines from the initial pressure 
of 1200-1600 psig the steam will do mechanical work with the high 
efficiency characteristic of the modern turbine. What it does from that 
point on depends on whether it goes through the low pressure turbines 
to increase the electric power output or into the district steam system. 
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The somewhat complicated thermodynamic calculations necessary to 
show the performance under the wide variety of operating conditions that 
are thus possible need not concern us here. It will be adequate to' use 
typical data such as are shown in Fig. 2. From this figure it is possible 
to determine the necessary heat input (fuel) for any combination of 
electric load and steam send-out. 
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Fm. 2.-Typical Performance Curves of Waterside Station. 

It is clear that for any stated boiler load, the electric output must 
decrease as the steam taken by the district heating system increases. 
But the electric system demand-like the steam demand-must be met, 
and this means either that the boiler load must be increased or that the 
electric load must be picked up at other stations. Which of these alterna
tives or what combination of them is most advantageous can only be 
determined by an analysis of the complete electric system using the prin-
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ciples of "economy loading" and "incremental rates." Briefly, this means 
that the most efficient of the available units are used to carry the base 
load, and that as the load increases additional units are put into service 
in order of their decreasing efficiency. Thus, the least efficient units 
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Fm. 3.-Incremental Heat Rate of Electric System Exclusive of Waterside Station. 

come into use only during periods of peak load. Of course in practice 
it is necessary to give due weight when calculating the over-all efficiency 
to any additional transmission losses and a good measure of judgment 
must be added in determining the operating reserves and their dis
tribution. 
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For the example selected, the "incremental heat rate" for the electric 
system, exclusive of Waterside Stations, may be taken as shown in Fig. 3. 
Two typical calculations are now possible. For one, which is summarized 
in Table II, an electric system load of 2,000 mw is assumed, and it is 
desired to find the best distribution of load when the steam send-out is 
400,000 lb per hr. The conditions for no steam send-out are shown for 
comparison in Column A, and the points corresponding to Columns B, C, 
and D, are those shown in Fig. 3. The last item in Table II is the heat 
rate chargeable to steam sent to the district heating system if all savings 
are allocated to that system. 

The other calculation, which is summarized in Table III, assumes con
stant steam send-out of 1,200,000 lb per hr while the electric system load 
ranges from 1,500 to 2,100 mw. The steps are the same, for the most 
part, as in the preceding example. 

Reference to Tables II and III shows that for the examples selected, 
steam for heating could be made available at a charge of from 646 to 
1,117 Btu pr lb. In contrast, the best boilers on the steam system prob
ably could not deliver the steam for much less than 1,512 Btu per lb heat 
input, and many boilers would make a distinctly less favorable showing. 
This means that to the extent that district heating system steam can be 
supplied from Waterside, the fuel saving is in the order of 46 per cent 
of what the steam company operating alone would have burned to make 
the steam for this part of its load. 

TABLE II 
CALCULATION OF STEAM SEND-OUT HEAT RATE 

For first 400,000 lb per hr at !t,000,000 kw 81/&tem load 

Points shown in Fig. 1 A B 
Steam send-out, 1000 lb per hr . . . . . . . . . . . . . . . . . . 0 400 
Electric generation, 1000 kw 

Waterside Station ........................... . 452 
Other stations ............................... . 1,548 
Total ...................................... . 2,000 

Change in generation, 1000 kw 
Waterside Station ........................... . 
Other stations .............................. . 

Waterside heat-input, 108 Btu per hr ........ .. . . 
Electric system incremental heat rate excluding 

5,400 

Waterside, from Fig. 2, Btu per kwhr ....... . 
Electric system heat-input change excluding 

Waterside, 10" Btu per hr ................. . 
Waterside heat-input change, 10" Btu per hr .... . 
System heat-input net change, 10" Btu per hr .. . 
Steam send-out heat rate, Btu per hr ........... . 

• Average of incremental rates at 1,548 and 1,527 mw. 
b Average of incremental rates at 1,548 and 1,575 mw. 

473 
1,527 
2,000 

+21 
-21 
6,000 

16,260• 

--M2 
+600 
+258 

646 

C 
400 

452 
1,548 
2,000 

0 
0 

5,725 

+325 
+325 

813 

D 
400 

425 
1,575 
2,000 

-27 
+27 

5,400 

16,550b 

+447 
0 

+447 
1,117 
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TABLE III 
STEAM HEAT-RATE CALCULATION 

For 1,200,000 lb per hr steam send-out from Waterside Station 

System electric load, 1000 kw ..................... . 
Electric generation, 1000 kw 
With no steam send-out 

at Waterside Station ............................ . 
at other stations ................................ . 
total .......................................... . 

With 1,200,000 lb per hr steam send-out 
at Waterside ................................... . 
at other stations ................................ . 
total ........................................... . 

Heat input at Waterside, 10" Btu per hr 
with 1,200,000 lb per hr send-out ................. . 
with no steam send-out ......................... . 
Increase, chargeable to steam ................... . 

Incremental generation at other stations, 1000 kw .. . 
Incremental heat-rate at other stations, Btu per kwhr .. 
Incremental heat-input at other stations, chargeable to 

steam, 10" Btu per hr ......................... . 
Total heat-input chargeable to steam send-out, 10• 

Btu per hr ................................... . 
Steam send-out heat-rate, Btu per lb .............. . 

1,500 

452 
1,048 
1,500 

418 
1,082 
1,500 

6,000 
5,400 

600 
34 

12,870 

438 

1,038 
865 

1,800 

452 
1,348 
1,800 

418 
1,382 
1,800 

6,000 
5,400 

600 
34 

14,700 

500 

1,100 
917 

189 

2,100 

452 
1,648 
2,100 

418 
1,682 
2,100 

6,000 
5,400 

600 
34 

18,300 

622 

1,222 
1,018 

The qualifications in the foregoing statement are important. They 
emphasize that in practice savings can be realized only to the extent that 
load can be shifted from straight steam generation to the topping turbine 
exhaust. 

One might be tempted, on the basis of this large saving, to conclude 
that all steam for the district heating system should be from high
pressure turbine exhausts. Little analysis is needed, however, to expose 
the fallacy of such a conclusion. 

The costs of steam at the station are made up of fixed charges and 
operating expense. Fuel costs constitute a large and important part of 
operating expense. For short-time or peak loads fixed charges will be 
greater than operating expense; for long-time or base loads the reverse 
will be true. Clearly, fuel savings, even if large on a percentage basis, 
will make only a small difference in the cost of steam used only during 
peak load periods, but higher (or lower) plant· costs will make a signif
icantly great percentage difference in the cost of steam. 

It is not necessary to go into cost details to appreciate that in a sta
tion such as Waterside the plant investment allocable to steam supply 
will be higher than for the simplest kind of steam generator that could 
be used to meet peak load conditions. The high pressure boilers demand 
very pure feed water and that, in turn, means expensive water treating 
equipment. The high pressure boilers and the associated piping cost 
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much more than low pressure equipment for the same weight of steam. 
With every kilowatt of turbine capacity there must be an equal capacity 
in electric generators and switch gear. 

Evidently the best over-all balance will come with an arrangement 
where the steady, long-time or base steam-load will be carried by topping 
turbine combination stations; where the intermediate duration load will 
be carried by steam stations of good efficiency; where the short-time peak 
loads will be carried by the lowest cost equipment that will provide a 
reasonable degree of reliability. 

If we return again to the combined operations in New York we can 
see a particular example of the kind of load division that results from 
an application of the general principles just outlined. Fig. 4 shows the 
estimated load duration curve for 1950 for the steam system as a whole 
and for the major steam sources. Table IV gives corresponding numerical 

TABLE IV 

DISTRIBUTION OF STEAM SEND-OUT 

Installed Net Capacity Annual Net Send-out 
Annual 

Percent Percent Capacity 
Year Station lb per hr of Total 1,000 lb of Total Factor 

1950 Waterside• 2,000,000b 18.0 11,867,000 59.3 0.677 
( Estimated) 

East River• 1,450,000b 13.0 4,175,000 20.9 0.329 
Fig. 4 

I{ips Bay 2,070,000b 18.6 1,647,000 8.2 0.091 
Burling Slip 1,550,000 13.9 1,533,000 7.7 0.113 
Other Plants 4,065,000 36.5 778,000 3.9 0.022 

• Electric Stations; others are Steam Stations. 
b Street mains limit the simultaneous send-out from Waterside, East River and 

Kips Bay to about 85 per cent of total installed capacity. 

values. It will be observed that Waterside, which will have the' best 
heat-rate, will deliver about 59 per cent of the annual net sendout at an 
annual capacity factor of 67.7 per cent. Next will come East River with 
steam conditions and turbine arrangements that will result in a slightly 
higher heat rate. And so on to the "other plants" with the highest heat 
rate. But this last group will deliver less than 4 per cent of the annual 
sendout, so even though the heat rate may be three or four times that 
at Waterside the effect on total fuel costs will be almost negligible, while 
on the credit side will be the comparatively low investment that they 
represent and the further advantage of their location nearer the loads 
thus reducing transmission costs. 

A very rough idea of the over-all heat rate for the steam system may 
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be obtained by a relatively simple calculation. If we assume that the 
rates for the several stations are: Waterside, 950 Btu per lb; East River, 
1100 Btu per lb; Kips Bay and Burling Slip, 1500 Btu per lb; "Other 

.... 

.... 
TOTAL SE.NO-OUT 

7000 

•.'------, ... '----.......... --.,. .... '----• .,._..._ __ .,. .. .., .. ,----.,. .... ..,....--.,.,..., •• ,----.... .,...,-......,-!.
HOUAS DURATION 

FIG. 4.-Estimated Distribution of Steam Send-Out 
New York-1950 
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Stations," 2750 Btu per lb; and if we use the per cent of annual sendout 
data from Table IV, then the value for the entire system is 

(59.3 X 950 + 20.9 X 1100 + 15.9 X 1500 + 3.9 X 2750) /100 = 1138 
Btu per lb. 

This gives a chance to show the relatively small influence on the over-all 
value of a large change in heat rate of the "other stations." For assume 
a value of 4000 Btu per lb rather than 2750 Btu per lb as the rate for 
the "other stations" and it will be found that the system value changes 
only from 1138.4 to 1187.4 Btu per lb or by only 4.3 per cent. 

There are many dangers in drawing general conclusions from a single 
example and it is particularly fortunate, therefore, that other examples 
are available for analysis. At the Fuel Economy Conference of the 
World Power Conference held in The Hague in September, 1947, three 
papers pertinent to our study were presented. These will be taken up 
one at a time. 

The first of these is by M. C. Hoenkamp, City Electrical Engineer of 
Gemeente-Energiebedrijf Rotterdam, and presents the results of a very 
careful study by a government commission of the district heating prob
lems of Rotterdam. The paper has been supplemented by further helpful 
information and data furnished by Mr. Hoenkamp in private cor
respondence. 

In some respects the situation was unique. It will be recalled that 
in 1940, during the early months of the war, Rotterdam was the target 
for one of the most intensified German air raids and that, as there was 
no defense, scarcely a building was left in a large area of the city. As a 
result there was almost no commitment from the past except that street 
locations and waterways remained and over-all planning was possible in 
an unusual degree. It was an early conclusion of the commission that 
space heat and hot water supply should be provided from a district heat
ing system, primarily because of the possible fuel savings. 

Three plans were then considered. The first, because it seemed then 
to offer the greatest fuel savings, would have supplied the district heating 
system from turbine exhausts at Schiehaven electric station. As shown 
in Fig. 5, the Schiehaven station is as some distance (a little over 1.6 
miles) from the load center so that transmission costs would be rela
tively higher than in New York. But even without this factor, the large 
investment necessary to provide facilities at Schiehaven necessary to meet 
peak load requirements resulted in high costs per heat unit delivered. 

Two alternate plans (called Plan 2 and Plan 3) were then studied. 
Plan 2 contemplated no connection with the electric system and steam 
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or hot water was to be supplied by ten district heating stations. Plan 3 
was a combination of Plans 1 and 2 under which about half (49 per cent) 
of the load would be supplied by turbine exhausts and the balance by 
three boiler stations located as shown in Fig. 5. These three boiler sta-

0 .. 
Fm. 5.-City of Rotterdam showing "Schiehaven" Electric Station and Steam 

Heating Stations. 

tions would have an emergency rating equal to 90 per cent of the ex
pected system peak, thus providing generous stand by capacity. The 
expected load distribution is made more clear in Fig. 6. It will be 
observed, in passing, that the annual load factor is 15 per cent, or sig-
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nificantly less than for New York, thus emphasizing the influence of the 
high investment for Plan 1. 

A summary of the estimated costs for the three plans is given in 
Table V. To avoid the need for introducing the exchange rates for 
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Fm. 6.-Estimated Distribution of Heat Send-Out, Rotterdam. 

florins to dollars and the influence of changing price indices, all costs are 
expressed as percentile values of the estimated total cost under Plan 1. 

Two things stand out in this summary. These are the high total of 
fixed charges (these include interest on investment during construction 
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TABLE V 

COMPARATIVE DATA FOR ROTTERDAM 

Plan 1 Plan f Plan 3 

Portion of peak demand carried by : 
Heating Stations, per cent . . . . 0 100.0 51.0 
Electric Stations, per cent . . . . 100.0 0 49.0 

Cost of heat delivered (relative units) : 
Due to carrying charges, repairs, 

maintenance, labor . . . . . . . 80.6 45.2 52.7 
Due to fuel . . . . . . . . . . . . . . . . . . 19.4 42.0 19.4 
Total . . . . . . . . . . . . . . . . . . . . . . . . 100.0 87 .2 72.1 

and depreciation) and labor and maintenance for Plan 1 as compared 
to either of the other plans, and the high fuel cost for Plan 2. Plan 3 
gives both the lowest cost to the customer and the maximum fuel saving. 
This last advantage is, to a measure, unexpected until it is recalled that 
the considerable distance of Schiehaven station from the load as com
pared with the nearby boiler stations will result in appreciable transmis
sion losses. 

The next paper of the group is by P . Houbain, Directeur de la Com
pagnie Parisi~nne de Chauffage Urbain a Paris, and discusses principally 
the district heating system in Paris as now constructed and as planned 
for the immediate future. Our interest will be more in the plans for the 
future as it safely may be assumed that these reflect the results of the 
latest studies made with the benefit of past experience. 

The general arrangement is shown in Fig. 7. The present system is 
shown by solid lines, and the planned extensions by broken lines of 
various types. It will be observed that the load area is principally along 
the Seine or the areas of government and public buildings. The peak 
load is estimated at 1.125 million calories per hr (about 3,750,000 lb per 
hr of steam) . The annual load factor is about 26 per cent. Steam will 
be supplied by six installations. Something near 80 per cent of the an
nual requirements will come from a "back-pressure" steam electric sta-' 
tion of l'Electricite de France at Berey. This station will have boilers 
delivering steam at about 1800 psig, 940 F, to turbines which will ex
haust into the steam system at a pressure from 71 to 284 psig which de
pends on steam system load and pressure requirements. The annual 
load factor for this station will be about 50 per cent. Under those condi
tions the electrical energy output is obtained at a heat rate of about 
9150 Btu per kwhr. Steam will also be available, during peak load 
periods, from three electric stations of l'Electricite de France where 
bleeder connections are provided on the regular condensing turbines. 
These stations-Ivry, St. Ouen, Issy-les-Moulineaux-are, roughly, 2 to 
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4 miles from the load areas that they will supply, but these distances 
apparently are not considered seriously objectionable in comparison with 
the good heat rate that they are able to show. The fourth source of steam 
is a small installation of waste heat boilers at the municipal incinerator 
at Ivry (T.I.R.U. on the chart). This has a peak capacity of about 90,000 
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lb per hr of steam, and a considerably lower continuous capacity. Finally, 
the fifth source, used only for the highest peaks, is an existing steam 
station at Berey with four boilers with a combined capacity of about 
340,000 lb per hr at 256 psig, 440 F. 

Annual fuel savings, when the proposed system is in full operation, 
have been estimated in the paper on two bases. The savings through 
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the use of district heating rather than separate units for each building 
amount to 198,000 tons of first grade coal and 1100 tons of light fuel oil; 
the savings through the use of the exhaust steam from back pressure 
turbines at the three electric stations rather than direct steam generation 
amount to 202,000 tons of coal. The total estimated savings have the 
impressive totals of 400,000 tons of coal and 1100 tons of light fuel oil. 

The last paper to be referred to presents a particularly clear discussion 
of several phases of district heating. It was written by A. K. Bak and 
N. Chr. Geertsen, respectively Chief Engineer of the Municipal Elec
tricity Works and the Municipal Lighting Department of Copenhagen. 
For present purposes reference will be made only to that part of the 
paper dealing with studies of one area in Copenhagen. 

There are now two areas in the city which are served by district 
heating. In one of these the steam supply is chiefly from extraction 
turbines in two electric generating stations. However, the other offered 
a basis for an engineering study as the old boiler plant was scheduled 
for scrapping because of obsolescence and poor location. 

About one-third of the area under consideration is residential and the 
other two-thirds is industrial. The total population is about 127,500. 
One part of the studies, which will not be reviewed here, showed that 
for the distributing system the most economical plan would be to use 
high pressure hot water in the residential area and steam in the industrial 
area. The maximum expected load for the combined areas is 13,100 
therms per hour (equivalent to about 1,300,000 lb of steam per hr) and 
the annual capacity-factor (base·d on send-out) is 24 per cent. 

In this case the determination to use hot water distribution for part 
of the load made it possible to use hot water accumulators for meeting a 
large part of the peak load requirements. And this, in turn, brought 
the daily load factor up to a point where it was quite sound to supply 
all heat requirements, both for steam and water, from a combined 
station. The resulting plant arrangement is shown schematically in 
Fig. 8 and it will be observed that it is such as to give both high efficiency 
and operating flexibility. The boilers are designed to deliver steam at 
1565 psig, 950 F at the throttle of the topping turbine which will exhaust 
at a pressure of 115-170 psig. 

There is a quite detailed break-down of costs under several alternative 
plans, but it will be enough here to refer only to a few items. A com
parison of a plan for steam distribution throughout the area and all 
steam furnished from topping turbine exhaust with a plant for both 
steam and hot water distribution and topping turbine supplemented by 
heat accumulators shows the cost of the first plan to be 25 per cent 
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higher than for the second plan. Further, the annual fuel requirements 
would be 17 per cent higher with the first plan than with the second. 

It would have been interesting had the studies included another plan 
where low pressure boilers, rather than heat accumulators, were used to 
meet peak load requirements. One might expect that they would show 
lower first cost, although at some sacrifice of fuel economy. 
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Fm. 8.-Schematic Flow Diagram, Heat-Power Station, Copenhagen. 
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a. Boiler; b. High-pressure turbine; c. Reducing valve; d. Low-pressure turbine; e. Condensate 
pump; /. Ejector condenser; g. Heaters; h. Lift pump; i. Deaerator and hot. storage tank; 
k. Boiler-feed pump; I. Evaporator; m. Evaporator condenser; n. Steam for district heating; 
o. Condensate from district heating; p. Hot water, district heating, outgoing line; q. hot water, 
district heating, return line; r. hot water, district heating, circulating pump; s. hot water ac
cumulator, t. hot water nccumulntor, charging valve; u. hot water accumulator, discharging valve; 
v. regulating valves. 

To summarize the general conclusions suggested by the four cases that 
have been studied, we may say that the best balance, when all elements 
are considered, is reached when the base load of the district heating 
system is supplied by a combined steam-electric station and the peak 
load is supplied by boiler plants as near as practical to the principal load 
centers. 
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Chairman Mumford: Thank you, Mr. Davidson. I would like to 
emphasize two points for the purpose of initiating discussion. 

In Mr. Davidson's paper he mentioned New York as unique. He had 
in mind, I am sure, the fact that there the power plants with the con
densing water supply are near enough to a heat~ng load to make combined 
operations very easy. That is not, of course, true in all cities but. it is 
true in some. He also mentioned the importance of the cost of fuel in 
Europe. President Martin on Tuesday morning told of the effect of the 
introduction of synthetic gasoline manufacture to the market for solid 
fuel and that 200 million ton estimated annual requirement of the 
synthetic fuel industry. Of course, increased mechanization of mining 
and other moves for increasing the efficiency of the production of solid 
fuel may somewhat offset other factors so that the increase in price may 
not be directly in proportion to the increased demand but I think we 
would be remiss if we did not recognize that, even in this country of 
plenty, fuel costs are going to go up. So, the point that rising fuel costs 
may increase the attractiveness of combined operations is an important 
one to consider. 

Twenty-eight years ago when I was working for the Government at 
the Oneida Street, now the Wells Street, Station of the Milwaukee Elec
tric Light Company, which is now the Wisconsin Electric Power Com
pany, they had reciprocating engine driven generators which in the 
wintertime exhausted at 5 pounds to a concrete tunnel about 5 feet in 
diameter. They sold the steam at a flat rate. Mr. Warhanek, tell us 
something about that early combined operation and what you are doing 
today on it. 

H. L. Warhanek: The Milwaukee company at one time did sell steam 
on a flat rate basis. All steam sold at the beginning was a by-product 
of reciprocating units. In 1920, on the construction of one of our super
electric generating stations, we discontinued the use of most of our re
ciprocating units and switched to live steam operation. Thereafter prac
tically all steam furnished was live steam. In 1938 we installed our first 
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turbine, a 15,000 kw unit at the East Wells Street station. This unit 
operates at 650 psig and the entire output is used in the heating system. 
In 1941 we installed a 35,000 kw unit at our Commerce Street station 
operating at 1300 psig, connected directly to the heating system and hav
ing a total output as by-product of 240,000 pounds of steam per hr. 

Chairman Mumford: Thank you, Mr. Warhanek. 
In Detroit they have some power generation. They did have to move 

their electric plants pretty far out of town when condensing turbines 
came in, but they do have some machines exhausting directly to the 
heating system in some of their plants. Mr. Dubry, will you tell us a 
little about that? 

E. E. Dubry: We have about 11,000 kw capacity installed. This 
supplies the house service and the excess is sold to the electrical system. 

At present we have no prospects of having a water site power station 
adjacent to our heating plant. Probably, future boilers and generators 
will be higher pressure eqliipment exhausting into the present heating 
plant headers at 150 psig. The electrical system continues to appreciate 
the value of a kilowatt delivered by the heating plant in the downtown 
area. 

Chairman Mumford: Well, Mr. Hillemeyer has a plant right here 
on the river. Is the Union Electric Company contemplating any com
bined operations? 

J.E. Hillemeyer: I think not. The only plant that serves the heating 
system is the Ashley Street plant. We are going ahead and replacing 
some old, small equipment with larger units, ultimately six of them, but 
we do not anticipate getting any steam from across the river at Cahokia 
or Venice, they are too far away. 

Chairman Mumford: Is there anyone else who would care to indicate 
what their companies are doing in this field where economy of heat will 
result and where the benefits which may be essential in the future can 
be realized beginning now? 

R. B. Donworth: In this connection, I suggest something be under
taken which has not been done under present day conditions, a study of 
the economics of distribution pressure as it affects the design of the dis
tribution system. 

About twenty-five years ago, when the Stanwix Plant of the Allegheny 
County Steam Heating Company was first designed, a study was made 
to determine the most economical pressure at which steam might be dis
tributed as exhaust from an electric generating unit; and subsequently a 
5,000 kw turbine was installed exhausting at variable pressures, reaching 
a maximum of about 25 psig in the coldest weather. 

In those days high pressures and temperatures were not available, 
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they had not been developed, so that the economics of that system were 
no doubt very different from that which we would arrive at today. In 
addition to initial pressure and temperature we now, as stated in Mr. 
Davidson's paper, have to consider the amount of superheat or moisture 
that is got in extracting steam, all in relation to the pressure and 
power generated and the pipe size and the investment in the distribution 
system. 

I presume many individual engineers have given this thought and 
perhaps have arrived at some conclusions on it, but the practice is far 
from being standardized. 

Chairman Mumford: That reminded me of a point that Mr. David
son did not emphasize. He is essentially an electric man, you know. 
Early in the days of the New York Steam Company the distribution 
pressure was something over 80 pounds, which was sufficient to operate 
some generators for the United Electric Company. It may never occur 
again, but it was true at one time in New York, because as everyone 
knows, they always distributed at comparatively high pressure. 

I respectfully refer your comment on the economic pressures to op
erate distribution systems to the distribution committee. It undoubtedly 
ought to produce a study on the economic phases of distribution pressures. 

B. G. A. Skrotzki: It might be well to point out how the Waterside 
Station steam heat rate of 600 to 800 Btu per lb was obtained. I lived 
with this particular problem for about ten years and it is akin to the old 
one about which came first, the chicken or the egg. 

It is purely a matter of choice on how to distribute the heat charges 
on a combined operation producing both kwhr and steam send-out. The 
Waterside heat rate mentioned in Mr. Davidson's paper is predicated 
on the fact that it takes about 14,000 to 15,000 Btu to make one kwhr 
on the electrical system as a whole. Then taking the stand that it will 
take this amount of energy to produce a kwhr on a combined electric
steam production also, it will be found that only 600 to 800 Btu per lb 
remain to be charged to the steam. 

On the other hand, if one takes the viewpoint as followed in many 
industrial plants that steam production is the main objective and the 
electric power a by-product, then about 1400 to 1500 Btu per lb will be 
charged to the steam and the kwhr costs only about 4500 to 5000 Btu. 

The main thing to remember is that combined electric-steam produc
tion can be accomplished with marked heat economies. It is merely a 
matter of engineering accounting as to where one wishes to throw that 
economy in the bookkeeping. 

Chairman Mumford: Thank you, Mr. Skrotzki. 
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C. D. Zimmerman: I would like to ask how the labor is supplied to the 
isolated plants in New York. 

L. S. Phillips: Labor is supplied to the 225 leased boiler plants in 
New York City from two sources. In the 27 so-called "A" plants the 
Company supplies the labor. In the 198 "B" plants, labor is supplied 
by the owner of the building or the operating company. 

W. F. Davidson: I am glad that Mr. Skrotzki brought out again a 
point that I rather glossed over, namely the question of the distribution 
of the various costs as between the electric and the steam systems. This 
question must be answered when one comes to the question of rates. But 
the important thing is whether there are savings as this is of concern to 
both utilities. Since we were interested here primarily in the district 
heating phase, I put the emphasis on how much fuel could be saved in 
district steam supply. 

In connection with the remark about distribution pressures, I might 
add that the usual range of send-out pressure at I vry Station in Paris is 
from 71 to 284 psig, depending, of course, primarily on the drop in the 
long lines to the load area. 

One little bit of information that you may find of interest shows the 
magnitude of these operations. The maximum hourly send-out is, roughly, 
9 million pounds for New York; 3,750,000 pounds for Paris; 300,000 
pounds for Copenhagen; 750,000 pounds for Rotterdam. As the last two 
use hot water distribution, it was necessary to make a conversion to 
equivalent steam. 

I think that covers the comments as I noted them. 

Chairman Mumford: Well, gentlemen, I told you when we opened 
that the Research Committee does no research, but we do keep our ears 
to the ground and try to find out what you fellows are doing. 

Now, frequently you make studies and make a decision. A decision 
may be negative, but as a research result a negative result is just as 
valuable as an affirmative result, and we try to get papers on those even 
though the people who made the study feel that they are not of a great 
deal of value, because we feel that that result will save somebody from 
making the same study, or at least, it can be fed into the machine and 
used as a basis for further study. 

It is for this reason that we are very happy to present a short study 
made by The Detroit Edison Company. The paper is by C. F. Donohoe, 
G. H . Tuttle and G. D. Winans and will be presented by Mr. Tuttle . 

. . . Mr. Tuttle then presented the prepared paper ... 




