_E /o

e

OURNAL

Sacré-Caeur Hospital, Montreal, with the boiler house located of the rear of the building.

Direct Contact Water Heater

By Laurier Nichols, eng.
Member ASHRAE

} ocated in the northern part of the
L Montreal island, the “Hopital du
. Sacré-Ceeur” is one of the major
.~ hospitals of Montreal, Quebec.
The hospital’s site includes more than 600
trees and covers 1,600,000 fi2 (150 000 m?).

The main part of the building was built
in 1925. The original vocation of the hos-
pital was to provide care for patients af-
fected with tuberculosis, an especially
deadly disease in the 1920s. A major ad-
dition was completed in 1945 and the hos-
pital began to provide general health care
services.

During the first 50 years of its exist-
ence, the hospital was managed by a
nun’s congregation, “Les Sceurs de la
Providence.” Next to the hospital build-
ing, a large complex of 540,000 ft2 (50 000
m?) including 750 rooms was built in 1960
to serve as the main residence for the Sis-
ters of Providence.
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In 1970, the hospital became a health
care research center associated with the
“Université de Montréal.” A major reno-
vation provided the hospital with mod-
ern critical care and surgery units. Sev-
eral other modifications were completed
following rapid developments in health
care such as emergency, radiology,
nuclear medicine, scanner, magnetic reso-
nance imaging (MRI), etc. The hospital
is an 800,000 f? (74 000 m?) facility, in-
cluding 700 beds.

The Heating Plant

The boiler room is a separate building
linked to the main building by an under-
ground tunnel. It was built in 1925 and
originally included three coal-fired 450 hp

(4.4 MW) steam boilers at 125 psig (860
kPa). It also included two piston-type,
steam-actuated forced hot water circula-
tors and two piston-type, steam-actuated
boiler makeup systems.

In 1960, another underground tunnel
linked the boiler room to the new residen-
tial building of the Sisters of Providence.
It required the addition of two 650 hp (6.4
MW) Grade 6 oil-fired boilers.

The three existing boilers were modi-
fied at the same time for heavy (Grade 6)
oil combustion. Modifications of all the
five boilers were completed in 1976 to add
the possibility of natural gas combustion.

The heating plant provides energy for
services including heating the hospital
building, the nun’s residence and the
ventilation system’s fresh air; producing
domestic hot water; and providing en-
ergy for the laundry (washing tunnel, cal-
enders, dryers), cooking appliances
(kitchen) and sterilization equipment.
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Table 1: Direct-contact water heater efficiency according to the return temperature of the heating loop.

The Need for Renovation

In the early 1990s, the chief of building services and the
managers of the hospital decided to renovate the old boiler
house and to lower its operating cost. The objectives for the
renovation included: beneficial payback, technical feasibility,
reliability of the equipment, low maintenance cost, low supervi-
sion cost, flexibility during construction, acceptable construc-
tion cost, financing availability, implementation in an existing
facility, and lower SO, and NO, releases in the environment.

Over the years, many problems were identified with the op-
eration of the heating plant. The problems included: constant
supervision of the heating plant; low efficiency of the boilers
(very poor at low load); poor flexibility of operation at low load;
outdated boilers (no spare parts available); high maintenance
cost; the oil heater was required to be on all year; acid (SO,)
droplets and soot deposits on the cars and houses of neigh-
borhood; high cost for boilers and chimney cleaning.

Despite careful installation of all the components for heavy oil
or natural gas combustion, the three old boilers were designed to
burmn coal. It was almost impossible to keep a good efficiency
while the load varied continuously throughout the day.

Because of the Province of Quebec’s regulation on power
plants, constant supervision of the boiler house had to be
maintained all day at a rate of one hour for each two hours of
operation. In practice, the boiler operator had to be on site 24
hours a day. Constant supervision of a heating plant requires
a crew of six boiler operators. The planning of the renovation
of the boiler house had to address those two major sources of
potential savings on the operation cost.

Design Criteria

The final selection of the equipment was based on the fol-
lowing:

1. Despite a maximum steam requirement of 55,000 Ibs/h (16
MW) during the year before the renovation, it was decided to
limit the steam production capacity to 12 MW. Building and hot
water heating had to be provided partly by other innovative
heating apparatus requiring no supervision.

If the total output of all the boilers in simultaneous operation
is less than 12 MW, the supervision requirement is one visit of
the plant for every 24 hours of operation.

2. The flue gases of a standard boiler generating steam at 125
psig are normally in a range 0of450°F (232°C) to 500°F (260°C). A
tremendous increase of total plant efficiency could be achieved
if the flue gases could be decreased to 100°F (38°C). This could
be possible only if low water temperature could be made avail-
able at the supply side of the heat exchanger.

3. The heating plant design needed to take advantage of the
low temperature of the water makeup for the domestic hot water,
the boiler supply and the laundry; the low return temperature
from the heating system of the air supplied to the boiler room;
and the low temperature on the return of the building heating
system (old cast iron radiators).

Energy Efficiency

Figure 1 shows the heating process in the direct-contact
water heater. The hospital heating loop is on the right side of
the plate type heat exchanger. On the left side is the grey water
sprayed over a bank of stainless steel nodules where it is in

Figure 1: The direct-contact water heater.
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Figure 2: The direct-contact condensing stack economizer.
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Figure 3: Annual notural gas consumptian.

direct contact with the combustion gases, Yable [ gives the
information on the efficisney of the unit accovding to the retirn
ternperature of the heating loop.

Figure 2 shows the heal reenvery process in the diresct-
cortacl condensing stack coonomizen. The hot gases (450°F or
232%07 of the two & MWW standard hoilers are infroduced in the
lowweer purl of the siack coonomizer by o new induced draft fan
The waler Lo b healed 1% sprayed al the lop of the economizer
ever Lhe bank of nodules where it is in direet contaet with the
bt Moe pases. To take into seeount the variable load of the hot
waler usage gl e lauodry, heated hol waler i 2coomulated in
a reservoln {6,000 pallons oc 22 700 LY localed a1 the battom of
the stack economizer. The temperlore of the Mue pases oxe
hausted from the ceonomizer is noonally 1O°F (5670 hipher
than the temperature of the water sprayved over Lhe hank of
stainless steel nodules,

When the laundry uses a large amount ol hol weater, the
watel malceup of the wnit Is at is lowest temperature and he
exhanzted gases could be as low as 30°F (10°C). The teiupera-
ture of the water sprayved in the economizer is the main laclor
fior the energy efficiency perfonnance of the unit.

The annual natural gas consumption was reduced by
21,200,000 ££* (600 000 m') (see Figure 30, This lower coergy
usage generates an aweal cost saving of 5170000 [Canadian),

The complete renovation of the heating plant al Sacré-Coon
Hospital generatzs saving on the energy consumnption as well
as on the supervision of the operation of the plant. The Lotal
cost for the rencvation was 1,340,000, The annual savings are:

SUperYisIon £ B8O
Enersy; 2170000
Maintenancs; 5 40,000
Annual saving: F208,000

The siinple pavback peciod is 4.5 years.
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Flesss of Flue Gases

| mice Watar Tnnlf:'
Zna Pump for the Laundoy

Cina Pump for the Domestic Hot
Witter Preheating

Cing Pump for Makewn Woker of
the: Boilers

Cine Purmp for Air Mokeup

Dne Plate Type Heat Exchonger
for Proheoking DHW

'I:an: F'Fr_:le Tﬂhﬁ: Hesead Esh{!rlgm
tor Makeup Water

One Air Mokeup Systam
[Heexting Conil)

One Direct-Contact
Water Heofer

Cirex Ponmi
Combustion Gos Temperatura

Cva Plate Tvpe Heol Exchanger

21,000 cfim ($F00 L)
6,000 qallons {22 7008}

TO0 g (6.5 LAs)

130 gpm (2.2 L)

T0gpm (4.4 Lis]
|00 gpen (6,3 L)

4,437 MBH (1,885 |

1,470 MBH (1,015 )

2,500 ofea (1180 L)
1,800 MBH (530 k)

20,000 MBH (5,860 |iw)

1,800 gpm {114 L/s)
TA%F [65°C)

20,000 MBH (5 840 k)

e Induced Dralf Fan 21,000 dm (900 L/}

L3 in wg 375 Pal

15 hp (11,9 k)
450°F (235°C) flue gas
temparabure

Toble 2: All design objectives were met with the installation
of this equipment.
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