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INTRODUCTION

District Heating Development Company (DHDC) Is the private, non-profit 
corporation providing hot water district heating service to the downtown and 
adjacent areas of St. Paul. The initial system was completed In 1984, a 
year ahead of schedule and $1.3 million under budget. In 1985 DHDC extended 
Its distribution system to serve the residential publ Ic housing area of 
Mount Airy located Immediately north east of DHDC’s existing pipe.

The paper presents a summary of the planning, design and construction 
procedures that were used to Instal I a hot water district heating system to 
heat the 298 unit residential Mount Airy community. The design and 
construction aspects of the project highi ight some cost-effective ways to 
make the project feasible and within budget. The paper also discusses the 
importance of communication with all parties to maintain a smooth-runni ng 
proj ect.

BACM3 ROUND

■Current Status Of DHDC System

DHDC’s initial $45.8 million system was substantially complete as of 
November 1984. Piping installation, heating plant modifications, and other 
instruction cost $30.6 mi 11 Ion, or $1.3 mill Ion bel ow the the amount of 
$31.9 mil I Ion. PI pi ng Instal latlon al one was Just over $23 mil I Ion.

A total of 102 customers were receiving DHDC service as of May 1986. 
Aggregate contract demand as of the May bi 11 Ing was 160 megawatts (MW).

Since Its initial marketing effort In 1982, DHDC has continued to sign 
additional customers for hot water service, including both new developments 
and buildings being remodeled or rehabll Itated. Customer contract 
demand commitments are significantly above the projections used In the 
feasibil ity study publ ished prior to DHDC’s system financing In 1982, 
as shown bel ow:

Fiscal Year Customers Actual Demand
Prev I OUS 

ProJ ect I on

1983-84 25 36.2 W 35.0 W
1984-85 89 127.2 NW 100.0 W
1985-86 102 160.8 135.0 W

Operating, as well as construction costs, have been below previous 
estimates. Because of higher customer loads and lower costs, DHDC has been 
able to keep rate Increases belo«r per year during the first three years 
of operation. As a result, the overall rate for a typical district heating 
customer Is now $9.56 per MNBtu. Energy conservation benefits averaging 
over 20 percent from heating system conversion have added to the savings
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eqjoyed by district heating customers, resulting In a high degree of 
customer satisfaction.

. competitive energy prices are also below earl ler
■^® pressure remains on DHDC to expand Its customer base to 

most economical rates possible. Expansion Is also consistent 
wlftilhe publ Ic financing of DHDC’s I nl tl al system construct I on, which was 
provided for the expl Icit purpose of laying the groundwork for a system 
serving as much of fhe city of St. Paul as possible.

Hount Airy

The Mount Airy Publ Ic Housing community is situated Immediately 
atjjaoent to the northeast side of the downtown St. Paul district heating 
system. Approximately 62 acres In size, it Includes 298 single fanily lew­
rise housing units In buildings of one to six units each, a high-rise 
aparfment building, a neighborhood center and school, and a community center 
building. The total district heating demand for fhe area Is 5.8 Mf.

DHDC I nvest I gated the possibility of including the Mount AI ry area I n 
Its initial system construction but decided to omit it at that time In order 
to I Imlt fhe size and cost of the project. As completion of fhe downtown 
system approached, hewever, analysis of Mount Airy was renewed. A DHDC 
^udy carried out In 1983 concluded that fhe economics of expanding to serve 
Mount Airy were favorable compared to ofher potential expansion areas.

In late 1983, fhe St. Paul Publ Ic Housing Authority (PHA), owner of fhe 
Mount Airy complex, obtained funding authorization of $652,000 from fhe U.S. 
Deparfment of Housing and Urban Development (HUD) to replace fhe 25-year old 
grav Ify air furnaces In many of fhe low-rise units. DHDC proposed to PHA 
that fh Is funding be used Instead to convert fhe low-rise units to district 
heating. Conversion to district heating would reduce air I nf II fratlon, 
el Im Inate fire haz ards, save on ma I ntenance costs, and prov Ide stabi e f uel 
prices. HJD was supportive of fhls recommendation and agreed to commit an 
additional $400,000 toward the cost of hot water distribution I Ines wlfhln 
the Mount Airy community.

■Contract Between Public Housing Authority And DHDC

Under fhe terms of fhe Hot Water Del Ivery Agreement as negotiated 
tetween DHDC and the Publ Ic Housing AuthorIfy, certain exceptions were made 
to fhe standard customer contract terms.

. The completion date of October 1, 1985, was treated as a target date, 
subject to subsequent agreement on the actual completion dates for fhe 
Individual buildings to be converted to district heating. Initial demand 
was also dependent on the number of buildings which were hooked up at any 
given time.
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agreed to bill Individual tenants for demand and energy charges 
w en units were occupied. PHA would pay demand and energy charges for all 
va^nt units and woul d treat heating bill payments as rent for purposes of 

<**611 Ing lease; I.e., requiring tenants to keep current on 
ijll Iiy bl I Is as a condition of remaining In subsidized housing. Based on 
these conditions and past data on util Ity del Inquencles, bad debt was not 
expected to be a m^ or probl em.

-El nancing

'I’otal project cost (excluding Individual heating system conversions 
but Including any financing costs) was $1.8 mil I Ion. Of fhls amount, HUD 
^reed to provide a $4CX), 000 grant as part of Its program to promote the use 
of district heating In publ Ic housing. The remaining $1.4 mil I Ion had to be 
borrowed by DHDC.

Because of fhe complexity of Its existing financing structure. Issuance 
w additional floating rate bonds to finance fhe Mount Airy expansion woul d 
have required a substantial amount of time, nunerous approvals, and heavy 
Issuance costs In relation to fhe relatively small size of fhe project. In 
addition, fhe time available to complete fhe Mount Airy financing was short 
due to constraints related to avail abll Ity of HUD money and DHDC and PHA 
construction timetables. Consequently, a more expedient approach was needed.

To pro/Ide fhe required financing, DHDC obtained a subordinated taxable 
loan from a m^or local bank. The loan had an elght-year term with a 
balloon payment scheduled for 1992. Later In the year, this loan was 
refinanced on a tax exempt basis as part of DHDC's Series B bond Issue, 
which also provided fixed rate financing for one fhird of fhe original 1982 
floating rate bonds.

Table A sunmarlzes the sources and uses of funds for fhe Mount Airy 
district heating project.
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TABLE A

DISTRICT HEATING DEVELOPMENT COMPANY

SERVICE TO MOUNT AIRY HOUSING COMPLEX

SOURCES AND USES OF FUNDS

■■ w-

JUNE 17, 1985

" 
'1
 '

■■
 

■J
’

SOURCES OF FUNDS

New Financing (Bank Loan)* $ 1,400,000
Distribution Line (Contribution by HUD 400.000

Total Sources 1 ,800.000

r '

USES OF FUNDS

Piping Construction $ 111,000
Substation Construction 290,000
Engineering and Construction Services 240,000
Heat Meters and Installation 130,000
Contingency 130.000

Construction Subtotal 1 ,575,000

Capitalized Interest 73,000
Debt Service Reserve , 140,000
Costs of Issuance 12.000

Total Uses $ 1 .800.000

*Later refinanced on tax exempt basis as part of Series B bond Issue.
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PROJECT DESIGN

The design of a district heating system to serve a residential area is 
critical. Because of the low heat density of the area, many feet of piping 
were required to serve many small heating loads In a large area. In order 
to obtain satisfactory payback on the project. It was essential to minimize 
the price of construction through use of a cost-effective design. It was 
important that all the costs for fhe total project were considered and 
minimized. This Included DHDC's piping distribution system costs and PHA 
costs for conversion of the housing units. A combination of European 
district heating experience and recent lessons learned during the 
construction of the downtown St. Paul system was used to design the Mount 
Airy district heating system.

DHDC commissioned design studies to the Joint-venture firm of Metcalf 4 
Eddy/FVB, Inc., which designed and provided construction administration 
services for fhe initial downtown project. These studies, based on similar 
design principles used previously indicated a construction cost of 
approximately $1.58 million for connection of all 298 Icw-rlse housing 
units. The high-rise aparhnent building, school, and community buildings 
were provided for in the design but are to be connected at a later date.

Medical

potentl al 
3.7 MW for 
and 0.7 MW 
bui I di ng

System Description

The Mount Airy Public Housing area Iles northeast of the Minnesota 
State Capitol complex and the downtown area of St. Paul, Minresota. It is 
bounded by Jackson, Arch, Pennsylvania, L’Or lent, and Mount Airy *
is approximately 62 acres in size, as shown in Figure 1. It l ncl udes 298 
low-rise single-family townhouse units in buildings of one to six units 
each, a unit high-rise aparfment building, a neighborhood center, a publ ic 
school, and a community center building. The calculated 
district heating demand for the area is 5.8 NW. This includes 
the low-rise housing units, 1.4 MW for the high-rise building, 
for the remaining buildings. The thermal demand includes both 
heating and domestic hot water requirements.

From its present termination point at the St. Paul-Ramsey 
Center, the existing DHDC primary piping distribution system was 
a new substation located on the perimeter of the housing area. The primary 
system is designed for operation at 25(rF and 250 pslg. The operating 
tOTp^ature of^the systeTis variable with a low of 190»F in s^mer and a 

maximum of 250*F in winter. The operating pressure presently is 175 pslg.

. The small (20’ x 20’ x 8’) concrete substation is the interface befween 
the primary DHDC system and a secondary piping system serving the housing 
units. The substation contains heat exchangers, secondary system pumps, 
expansion tanks, and heat-meterlng equlpment. The substation OP®!’®'’’®^ 
unattended with remote monitoring from fhe DHDC Third Street Plant.
heat exchangers within the substation transfer the hot water energy from the 
primary piping system to the secondary piping system.
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■Lipina

exceot’thr^*’^ '”'’'2® *“ *slgned to serve all buildings In the area 
“Xs^Sn rafJZ S; M^rl® «’® higher heating requirements and 
eft^Sfverv^v ^n^^m»^^®^T aparhnent building will be served more cost- 

sass

building. The system-s final design layout Is shoun In FlgX 1.

.as usfy^^X Io ^i^ve a JJ?I “PP®-- P'Pl"9
instance .hJe c^nd t S “I ’ ’'°P® •"« ^ber
satisfSt^ ?nstaHanoS^^ Te »"« -I'-l "ot permit
bcever co7sHts fir^ y of relrde'^n^ati^SV^^Lr,'®'"®^ 
dianeter copper pipe was ^aw Ii+!n • . 12 ® •

copper pipe was used extensively to reduce construction costs.

=£“";”?OS;?i7s
stationary In the nmnnH tk:.. : t J. .. '^“'=’'0® JacKer remains
expansion bellows chanbers and +ho "* need for expansion bends and

ueiiows Chambers and the associated expansion absorbing material

77

Hajor Design Decision^

towi2,M «: xny“^L::d’rn? :r2 a*n’
wsts^J'rte^Jla!' ^l^«°'l.'e.'’'’^Sdf'’”^?• "*'«*<• +ba

m^r»srjf^^|" +he pr?m^^?s^dary°de^g^’was

the subsequent OMratioral 71ts'f r™*"’ ^1^.'!’'^'°' “"atruction costs and 

irth'a^iaX’X^X’ i%£L?'” ---oi
q„r:o'?hT

system. operating temperatures of the secondary

varloIs““Ha^f^°^l2"if?.®°°' T *>* utilizing
spec°f?c to ea^ de^If^n "’hhi-lals to obtain the maximun benefits
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st. Paul Ramsey Distribution Piping Network (Mt. Airy
Hospital figure 1



JjQUSlna Heating System Conversion

As with the downtown buildings, each building connecting to the 
district heating system needed to be converted to accept the hot water 
service. The satisfactory coordination of the design of the district 
heating system by DHDC consultants and the design of the housing heating 
system conversion by PHA’s consultants was very Important to ensure that the 
total system operated efficiently and was mutually cost effective and 
rel I able for both parties.

The supply temperatures, pressures and the required pressure and 
temperature drop parameters had to be compatible for both the 
distribution system and the building heating system as neither system 
can operate efficiently or safely without regard to the other. The 
pressure and temperature parameters affect not only the costs of 
equipment purchase and Installation but also the long term operating 
efficiency of both systems.

The selection of a large design temperature drop of across 
the building coll Is very Important for the district heating system to 
minimize piping diameters. The use of lower design pressures and the 
use of a simple control valve was Important for the building heating 
system. Meetings were held with PHA staff and consultants to agree on 
the final criteria to be used In the heating conversion and district 
heating system design.

The air gravity gas-fired furnaces In each housing unit were removed 
and new fan-coll cabinet units were Installed by PHA contractors. Floor 
mounted cabinet Installations were used to reduce possible vibration 
problems (see Figure 2). In each housing unit, the secondary piping Is 
connected to a fan-coll unit Installation where heat Is extracted from the 
water to heat air which In turn Is distributed throughout the building by 
the existing ducting system. A simple on-off thermostatically controlled 
control valve regulates both the flow of district heating water to the heat 
exchanger and the fan operation In the fan coll unit. After the heat Is 
extracted In the fan-coll Installation, the water Is returned to the 
secondary system piping and subsequently to the substation for reheating and 
reuse.

For billing purposes, a battery powered heat meter was Installed 
In each housing unit to measure the amount of heat used. The heat 
meter can be read at the meter Installation site In each basement and 
at a remote readout Installed on an exterior building wall.

CONSTRUCTION EXPERIENCE

DHDC’s previous construction experience was based on the Installation 
of a large district heating system In downtown St. Paul, Minnesota. The 
downtown piping system cost Just over $23 million and provides service 
to over 100 large, commercial customers. A major portion of the 
construction consisted of large diameter piping which was Installed 
underneath traffic and utility congested streets.



and anchors.

-Design Criteria

wAr« design issues, the following design criteria
were used for the system design.

„i_t Piping. In a few cases during the downtown St. Paul orolect
st?l2t *^Th building basements instead of fhe sidewalkPor*^

experience Indicated that routing pipe through buildings 
Mstead of fhe burying it below the ground outsiSe,lowers the cost S*

concept was used extensively in the Mount 
40^6rr'An+^ci°?^ serv Iot area and the construction bid prices reflected a 

Interior piping routed through basements as 
compared to direct burled piping.

system was designed for a lower maximum working water 
H ’50 psi and 200»F respectively, which

Kor h«+ V^® ~PP®i; P’P® *’+h field appi led insulation for fhe 
^^~+®^®'’ P Pf"9’ Copper PlP® could not have been used if fhe 

maximum working pressures and temperatures of 250 psi and 
48 respectively had been extended to serve fhe individual housing units.

and rlt^^D ioe ®'’ P^P®®,®*" ^e suppl led with both fhe supply 
for each^nSlP -rh« Po’ye+hylene Jacket Instead of separate Jackets
rSuS^tS Kif 2a i’P'®^ P'P® connections'^
of pS lacket I^nts^'* P®"®+r®+’ons and number

elevation changes , It), In the are^ltsel t; An

*” "Isliest to the lowest points of 
foll^rthA^^I P'°P®P ""evoldable, the flexible pipe
cnor-flf contour of fhe ground surface without additional fittings or 

rte e^ Xnin Pifi"® al w decreased
which ?n 90" tends. This also decreases the number of Joints
Which, in turn increases the rel labll ity of fhe system.

the dTsXr® TP®** ^P® «^POsIte pipe were used In
fo^ JJs+^’butlon systOT. The combination of fhe less expensive steel pipe 

diameters (greater fhan 3 Inches) and the easily 
installed flexible copper pipe for smaller diameters resulted In a reduction 
^houlFI^A^A? oonstruction costs. Cost reductions on future projects 
SX^cSr^ designers and

80



Primary Ptotng- 
dlstr let heating system 
substation.

The same design factors used In the original St. Paul 
were used for fhe primary piping connection to the

1. Use of factory prefabricated direct burled steel pipe, 
polyurethane Insulation and high density polyetheylene 
outside conduit.

2. A maximum supply water temperature of 250®F with a deslon 
pressure of 250 psi.

’’ drop befween supply and return water
Or 90 Fe

4. Pipe sizing with head losses below 7 feet per 1,000 feet.

5. Use of piping bends and loops to compensate for piping
thermal expansion. k k' -y

*■ spaced to keep pipe stresses 
within conservative limits.

3.

4.

5. Pipe size CTiculated to provide peak heat demands 
diversity factor of 0.8, since Individual 
not occur simultaneously.

w I th a 
peaks do

01DI no'^d^sfnnf’?’ ‘^P^^ature and pressure secondary
pi pi ng, design criteria were as fol lows:

1. A system design temperature of 200®F and 150 psi.

2. ©^rational supply temperature of 180®F and a pressure 
Of 75 psi and a system temperature drop of 50®F.

oontln^us lengths of copper pipe for diameters 
under three Inches and direct burled steel piping for 
diameters above three Inches. h h a

P'P® soldered Joints and field applied 
Insulation for piping distribution routed through building 
oasementSe



THERMOSTAT
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HOT WATER 
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TO REMOTE OUTDOOR COUNTER 

FLOW METER

NOTE:
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SERVICE TERMINATES AT STOP VALVES
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SHUT-OFF
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Jhe Contract

downtcMn project Justified DHDC’s use of a qual If led 
2" Ihe team consisted of a

Saff ^d 003??^^ r experienced field engineer, a draftsman, clerical 
off tcl ^ntrol personnel, al 1 of whom were Iocated In a f lei d

y^ese services were provided by Metcalf & Eddy/FVB, Inc the 
« "" «-qLaH?;'Xol

construrt?IV?„’Ih«“2Z' 'fy »®'-e not a concern when CHX planned
CO nstr I on In the Mount Airy homes residential area adjacent to downtown 
than^+h -the piping cost of the Mount Airy project was much less
than the downtown project ($1.8 million versus $23 million) thFJolect

ndw^ts^nd E Xr' “'“’Utur and was Installed under
aiuewaiKs ana in grassy areas.

hlohe?^i™te?'S' that differed from the dcntoun experience were the
higher numservices to be Installed (298 versus 100) and the hloher 
Z^u"nE?no^ be InstaX ,'EErde

and f+ concerned about the residents’ privacy and safetv
£ ey^r--roi;:-
eX^r'.::;d .TCrrs-iet^ -»-- ««

the cJst’'^'’t^A®n?°l'"t+'^’iZ construction management costs proportionate to 
EdX/^B ’"9 3+ a mlMmum. Metcalf 4
Prolog ?ech??lV2 engineer to Inspect and to manage the
P J e Technical support was provided only on an as needed basis DHDT’c 
rt^?S^n^E“'f^E‘’F^A*“i11e^«^''°E? '7"“"'“+'°" ="« o»rdInatloS^^?th

lie resiaents, the PHA, the contractor and the city of St. Paul.

saecIf^Ea^EE! 1L7 “htract contained complete design drawings and 
1“ '™P®l't|yely bid by three local contractors.

NewMech Companies, Inc. of St. Paul was awarded to contract.

To meIJ®th2®h^ti*®® ‘’’J and the contract was awarded In June.
SatTe^?sJ^i{"?eSf? residents, the contract required
addition ns system be operational by October 1, 1985. In
thA h contractor to schedule and complete the piping work Inside

servlSs t'’® corrector to provide labor and other
suppl led bv DH^ Thl® P E P’P'"9» valves, and fittings were

uppl led by DHDC. The contract’s format used unlf-prlces for the payment of
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£jpe Trench Excavation

Is 
to

heating pipe. Water and sewer pipe Is laid. Joined, and backfilled 
day s installation. District heating pipe requires welding. 
Joint Insulation, and assembly before backfilling.

pipe must therefore remain accessible for a longer period of time 
water and s^er pipe and the excavation schedule must be adjusted 

important, however, to excavate "ahead” in areas of known
> Early Identification of interferences

excavation contractor's experience with Installation of underground 
sewer piping was not completely transferable to

for each
testI ng.

by 
to 
of 
and 

Fences and warnings could not keep the children 
LTh Is al so

The 
than the 
accordingly. i 
or suspected util ity interferences, 
or other problems permit timely corrective actions. 

The contractor used a smalI backhoe for excavation, which was 
especially efficient near fhe housing and in the back yard areas. Manual 
excavation was used on very steep hills and in a few areas where obstacles 
made use of the backhoe impractical.

and then broken down Into subcategories such as excavation, pipe 
installation, insulation, backfilling, and restoration. This breakdown 

pIpl^’lStSifStjOTr'" °* “"'“**"* assoc*o+ed wlrt

The substation, which Is above ground, reoresented a irw rtcu -t-r. -Hi

?t Of the unknowns between DHDC and the contra^or, and
it ultimately resulted in a lower project cost.

extremely hilly, with sandy soil conditions 
support the grass. These conditions were 

The sandy soil was very easy to
Initially the trench-

I
The hilly terrain combined 

eroded the trench walls and required
The contractor also contributed to the re-

- , , J
.. r r o' The digging was easy, and. Initially,
the consequences of having extra open trench were not apparent.

,, required to install and test the piping was underestimated
lhe contractor and many open trenches were exposed for up to eight weeks 
Hi. playful children of fhe area. A significant number
manhours were required to dig out the piping and clean it up for welding 
Insulation at the Joints. F---------
^2,'t trenches as elongated sandboxes. This also
r^uired significant trench re-excavation and removal of rocks from the 
pi pi ng.

The Mount Airy site 
covered by thin top soil  
both good and bad for excavation. T._ 

suitable for reuse as backf IN.'  

because of the shallow trench depth 
required by the 24-30 inches of pipe cover. ~  
with heavy summer rains, however, 
significant re-excavation.  uuiou

opening more trench than was recessa^'to 
efficiently install fhe piping.
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■Mork Inside Housing Units

The design required that the copper di str I but ion-system piping be 
Installed through each of the mul tl-housi ng unit buildings. The piping 
entered the basement at one end of the building, and the pipe was then 
Installed through the separate walled basements of each unit and out the far 
end of the building. Only two outside bu 11 di ng wal I penetrations were 
required to service up to six housing units. Individual service I Ines were 
valved off in each unit.

To Install -the pipe and services, the contractor required numerous 
entries to each housing unit basement. The work was performed as 
efficiently, safely, and neatly as possible. The contractor was required to 
clean up construction debris on a daily basis. DHDC and the contractor made 
special efforts to ensure the cooperation and respect of the tenants. The 
contractor hired a resident to communicate with the residents and resolve 
construction problems If they arose.

■Eroiect Communications ■

DHDC set up and carried out the traditional project communications 
programs that consisted of weekly in-house team meetings and periodic 
meetings with contractors, city Inspectors, PHA staff, and util Ity 
personnel. DHDC's on-site personnel were In daily contact with the 
contractor’s personnel.

DHDC also extended its communications program to the residents of Mount 
Airy. DHDC had made a commitment to respect the rights of Its customers, 
and every effort was made to lessen the construction impact on them.

Initially, DHDC sent letters explaining the project to ail the 
residents. As the project proceeded, DHDC sent project reports to the 
residents. To make sure that a home would be accessible to the contractor, 
DHDC sent a letter to the tenant wel I in advance of the expected entry. 
DHDC held large group meetings with the residents to explain the project and 
to answer their questions. Eighty percent of the residents are southeast 
Asian; therefore Engl ish and Hmong were used In both oral and written 
communications. Language and cultural differences had to be dealt with to 
enable the project to progress smoothly.

As a part of DHDC’s comprehensive communications program the 
OTntractor’s workers were given numbered badges to identify them as part of 
the-district heating project. The badges provided easy identification for 
entry purposes, and if there was a problem, the resident could easily 
Identify the individual (s) by their badge number. This program worked 
successfully. The residents cooperated fully, the contractor was not 
delayed, and there were no major problems.
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-^^QflSlructlon Schedule

servlS®+o’+h?Ii^®4.^?7 *® project, from award of contract operational 
n?ntn Mount Airy residents on October 1 was four months Vici hi
^plng progress was slow In the Initial construction stages mainly te^ISse 
Thr^ iJdTwdSl' D?nin° working procedures wifh unfanIHar piping.
rnn+rAJiZ.-T ° P'P’^g manufacturers conducted training sessions with the 
Sr^eSl^r installations were accompi Ished
The h^v\nr?n °* available later during construction.
rXxc^atFSn

The contractor i specific areas of construction,
the Instances was able to move ahead and come back when

available. The long lead time In transporting fittings 
sl^a^ 'nl+ially, all shipments were by
S si^al 1 ?t^^'" ‘-ater shipments
wLr?! tln^ such as f ttings were by air freight which required abotrf a 

+ days. Clearing customs sometimes took longer than the actual 
^“’■OP®3"S traditionally take a holiday for the 

shut d^n^ £ti? Il and during this period the pipe supplier Is essentially 
week shipped prior to holiday or there Is a four
week delay In shipping time.

heating-systems contractor was also on-sIte to connect the 
S district heating service Installed In
each bull dl^. Good coordination by both contractors kept the work fl owl no 

heating service was operational by October 1 and 
those housing units that required service. The complete 

k heating system was operational In November while the final
Dull ding units were converted and connected In February of 1986.

CONCLUSION

The success of this project can be credited to the constant effort to 
make the most beneficial choices for building owners, tenants, and DHDC 

presented by the Mt. Airy project. Situational factors 
su^ as Initial construction and future operating costs, available piping 
and materials and the terrain of the Mt. Airy area Itself all effected the 
creation of the project’s design.

construction experience was Influenced by the learning process 
which both the contractor and DHDC underwent. The contractor was 
Introduced to the Important differences In Installation of sewer piping 
as compared to district heating piping. DHDC experienced the process
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of doing their own purchasing so the right materials were available at 
the right time; a valuable experience for future projects. Cbnstructlon 
efforts were also affected by the DHDC’s commltlment to respecting the 
rights of the residents of Mt. Airy and maintaining effective 
communication with all personnel Involved In the project.

A successful project Itself, the construction of a district heating 
system to the Mt. Airy community provided DHDC with valuable experience for 
future district heating systems for the residential areas of St. Paul.
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