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ABSTRACT

*The Department of Energy, Minnesota Energy Agency, Northern
" States Power Company, and other local government and private organiza-
tions are cooperatively performing an in-depth application study to
determine the feasibility of district heating for a large northern
U.S. city. A Swedish firm, Studsvik, has developed an overall scenario.
and has attemped to 'show the potential of a fully implemented system.
The proposed system would be about 2600 MW(t) and cover a significant
portion of both Minneapolis and St. Paul.. This .study has proceeded
in parallel with more in-depth studies of particular issues, such as
detailed piping network plans in central St. Paul and cogeneration
plant conversion cost study’— both sponsored by Northern States Power
Company. The overall conclusions that can be drawn at 'the present
time are: (1) the concept is tcchnlqally feasible, (2) 1t has great
value from the fuel conservation aspect, and (3) the economics are
viable with an approprlate financing system. .
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INTRODUCTION

District heating is aAprocess in which tberma1»energy‘from,a central source
'(either»a heat-only unit or a cogeneration'p1ant fhat.produces’both e]ectricity
and thermal energy) 1s'distributed to commercial; industrial and residential -
consumers for space'heating and domesticihbt water.needs. From.an historical
: standpoint, district heating was first imp]emented in the United States over
. 100 years'ago After a per1od of rapid qrowth the expansion of steam d1str1ct |
heatlng systems: s]owed in the late 1940 s ‘when 1nexpens1ve 0il and natural gas
became ‘available for heating purposes. D1str1ct heat1ng techno]oqy 1s now
being reassessed because of rap1d1y esca]at1ng energy pr1ces and our country S
:1ncreas1ng dependence on 1mported 0il. Large hot water d1str1ct heating.
systems have the potential of prov1d1ng consumers w1th space heat1ng at’
compet1t1ve pr1ces.wh11e substituting more p]ent1fu1 domest1c fuels, such as
coal and uranium, for heatingkneeds current]yNSUpbiied by‘otﬂ and'natural gas.
Hot water district heating technology is avaﬁiab]e and has been widely utilized
in many European countries with a great deal of success. Northern States waer f
Company (NSP), the U. S. Department of Energy (DOE);'the Minnesota’Energy Agency
(MEA), and other 1local government and privatezorganizations are cboperatfve1y
performing an in-depth app]icatidn study to'defermine the feasibility of hot
~ water district heating for a large U. S. metropoldtan area -- name1y,.anneapolis—
St. Pau1,;MinnesotaJ | |

The program to assess d1str1ct héating for the Tw1n C1t1es area cons1sts
of a number of coordinated studies focusing on technical, econom1c environmental,
and,1nst1tut1ona] issues. A list of the various studies is g1ven in Table I.
The reader is referred to an earlier paper]for a more detailed description of .
these studies. This paper will present the status and results of several

phases of the program that have been completed or are near completionﬁ-é these




include the Studsvik district heating,<power:piant rethdfit,_and St. Paul
district heating studies. The remaining tasks are currently in progress and

will be reported on when the~wdrk is completed.

STUDSVIK DISTRICT HEATING STUDY '

This study is a JOint effort based on current Swedish district heating

technology and experience adopted where necessary to U. S. conditions | U 'S,
hpart1c1pants supplied the basic data and economic criteria while Studsv1k
_ carried out the anainis.- The results to date which are presented in this
paper are based'on a recent draft r‘eport‘2 It should be p01nted out that
"some of this information 1s preiiminary in nature and subject to minor chanqes
when the work is completed. It is not expected,lhowever, that any of the
major conc]dsions will be5signifitant1y diffeheht than reported,here.i

The objettive pf Studsvik's analysis was to determine the feasibiiity
of‘district'heating for the Twin Cities and ndt to deveiOp a detaiiedistep-l
by—step plan for the network nor do detailed engineering and economic: ‘
caicuiations The major efforts were concentrated in three areas: a) Assess-
ment of the heating loads which could be connected over a 29-year period; b)
' DeterminatiOn.of a feasible implementation scheduie.to conhectvthe Toads and
bring cogeneration‘piants and'peak ioad boilers on line; c) Examination of the
ovehaii'economics,based on aiternative methods of financing.
| | HEAT LOAD
lThevcoid ciimate (more than 8,000 heating degree days),combined with -

the 1arge popuiation of‘the Minneapolis-St. Padi area give rise to a fairiyh
large concehtratedaheat load. The metropoiitan area'contains.two separate.

-~

downtown areas about seven miles apart (Figure 1). Ahound these core areas

are'industhiai sites and hesidentiailhousing which~practica1]y makes the.




area 6ne continuoué metropolitan region having a popu]ation of more thén oné
million people. |

. Natural gas presént]y supplies the majority of the heat load fn.thé
région. Current heat demands within the entfre regfon were forecast from |
‘récords of gas consumption, existiné district heating system heat demands, ahd:
_ conﬁdmef heating o0il requirements.: This ané1ysis was carried out for 32
subareas in'thplTwin Cities and sUrroundings;f The subareas wereuclassified
into five types.qf relatively homogeneousAareas_as ihdicated'in Table II and

) thevcorresponding map in Figure.2. Table II shows that the dense downtoWn ‘
typeA1 and 2 areas (>70 and 550'MWt/km2) together repreéent 1,114 MthofA
maximum heat demand; the medium deﬁsity‘commerciéjAand apartment hoqse areas
(25 to 50 MWt/kmz)lrepresent 1,286 MWt and the -néarby residéntia1 areas with
two- and four-family houses (10 to 25}th/km2)'represent 565AMWt. The four
areas»together have a maximum heat demand of é}965'MWt.A buelﬁo the comp-
lication of integrating the existfng steam district heatjng systém§ in
Minneapolis and the University of Minnesota into a hbt water system-within the
time frame and work scopéﬁof the study, these areas were excluded. Also some’
large industries for which insuffiéient data were available were excluded.
This case is referred to as Scenario A with a heat 1oad'of.2,600-MWt.

: -"A potential heat load of 2000 MWt was”eétimated fdrlput1ying residentié]
aréa57 -Scénario B assumes that this load wfth a.70% connection would also
bé-supp]fed by the regioné] districtAheating system giving.a maximuh demand

of 4,000 MWt (2,600 + 1,400).

IMPLEMENTATION SCHEDULE
The heat load connectjon rate for Scenarios A and B are assumed to be

'approximate1y,130 MWt and 200 MWt per year respectively, over a 20-year period




(See‘Figure 3). This growth rate is consistent with modern Swedish experience.
Init1a11y, the main system would deve}opvin‘the'high—density downtown. areas

: which have a heat density of'more‘than 50 MWt/kmz. The system‘would‘spread,
tonthe mediUnkdensity ihdustfia] and commercial apartment bui]dings and to ‘
high dens1ty res1dent1a1 multiple- fam11y houses -having heat densities of 25 )
to 50 th/km . In1t1a11y the Mlnneapo11s and St. Paul systems would deve]op
1ndependent1y» Eventua]]y, when the systems become suff1c1ent1y 1arge, an
1nterconnect1ng p1pe11ne would connect the two reg1ons '

For Scenar1o A it has been assumed that all cogenerat1on capac1ty could
be 1ocated at existing s1tes within the metropo11tan area, i.e., at H1gh
‘.Br1dge for St. Paul and Rlver51de for Minneapolis w1th some energy 1nterchange
: after the construction of - the 1nterconnect1ng p1pe11ne. For Scenario B new

units uere assumed at an out-of-town site.. Th1s site was assumed to be K1ng,
1ocated about 17 miles from downtown St. Paul (See F1gure 1)

Tab1e ITI tabu1ates the assumed cogeneration plants. The largest and
most modern ex1st1ng turbines would be converted first, i.e., H1gh Br1dge No.
6, R1vers1de No. 8 and High Bridge No. 5. The 1ast cogenerat1on plant to be
introduced for Scenario A is a new. bo11er turbine unit with a rating of 335
MWt and 190 MWe dur1ng cogenerat1on operation and 240 MWe for electr1c only
operat1on. Th1s unit should be 1ocated at R1vers1de to be near the 1oad
}but may ‘have to be located at H1gh Bridge due to site cond1t1ons

The total heat from the cogenerat1on un1ts summarized in Tab]e ITI is
1,516 out of a maximum 2,600 MWt demand for Scenar1o A. The cogeneration -
‘lunits would provide about 60% of the peak capacity of.thevsystem and supply
almost 90% of the annual thermal energy demand. The remaining load would be

provided by peak-load oil-fired boilers.




PIPING COSTS

A dfstinction'is made between 1arge regional oipes'transponting heat from
the broduction plants to‘various areas of the city and distribution pipes'ﬁ
delivering heat from the transport system to 1nd1v1dua1 bu11d1ngs Good
tunne11ng rock- ex1sts in the form of the St Peter Sandstone under 1arge parts
- of the metropo11tan area. Risers from the tunnel to the surface would be.
used to connect the transmission lines to the distribution lines. The eastern
part of St. Pau1 and the western part of Minneapolis do notqhawe favorahie
tunne]ing conditions. A]]‘pipesAin those areas would be installed in surtacev
trenches | | ‘ .

The cost of main metropo]1tan area tunnel. system was based on tunne]1ng
cost data for the Tw1n Cities and Swed1sh pipe mater1a1 costs (see curve 1 on
Figure 4). Curve 3 shows typical cost 1evels-app11cab1e in Swedish cities of
100 000 1nhab1tants 'Figure. 4 also shows costs for downtown'and residential
Stockho]m. Downtown Stockholm has cons1derab1y ‘higher costs than the smaller.
~cities due to congestion, traffic, and high labor rates. The costs for
residentia]>$tockh01m districts are c1oserto those of{sma]]er cities. Invest-
igations by Swedish and U. S. consultants suggest'that cost 1eve]s for covered
surface piping in sma11 cities are very similar in Sweden and the U. S. for
civil engineering work, installation, etc

Based on the comparison for'sma]]er cities, curve 2a, which Jies:somewhat
.above downtown Stochhom.costs, was,osed to determine pipdng costs for downtown
Minneapolis and St. Paul; curve 26, whiCh is'considerab1y higher than residen—
tial. Stockho]m costs, was used for the residentia1 regions of the two cities.
These assumpt1ons on p1p1ng costs are believed to be conservat1ve Never-
“theless, in order to. conf1rm this- assumpt1on accurate cost est1mates for the-

Twin Cities piping should be determined based on detailed estimating procedures.




,'Fof p1anning.ctudies of this type covering large areas, it is the practice
inlSweden not‘coAdo'street-py—street surveys of che'whc]e area to determine
10caI discribution system cost, but rather to find other cItiee with comparable:
.conditions for which. cost data are available from actQaI ﬁetwork construction.

. For'tﬁis‘study Stockholm waS»se]ecced'as a‘city'with a §imf1ar degree.of
congestion and with a mixlure of rock excavecion and surface ccnstructionﬂ

”“Figure,s;showc daca on Stockholm system distribution costs'(excluding the
IStockholm regioda1‘transport Systeh) for districts with'varioes load.densitfes-
and averege cdthmer size.” The costsihaVe been updated to feflect 1978 dollars.
As many of the pibes were instal]ed‘before some new methods were deveIoped
(such as the appIication‘of'prefabricated<technicue§ to larger pipes and
prestressing p1pes by be]]ows), the costs should be conservat1ve 1n re]at1on
. to new systems bu11t in the future. |

~ COST" OF CONVERTING BUILDING HEATING SYSTEMS

The Minnesota Energy Agency conducted a study on the cost of converting
building heating systems to make them compat1b1e w1th a new hot water district
heating system3. A survey was.cqnducted of 280 bu11d1ngs,1n-the Minneapoljs-
St. Paul downtown'areas:tc categorize them'according-to the-tybe of heating -
system used‘and'bUilding type. Different conversioh methods were studied,

- each giving different return wacer temperéturesI It was found that, consider-
ing the entire'system, the most economical conversion was the one with the
lowest return water temperature. |

Detaj]ed estimates were made for five buildings,'typfcal of broad
bui]dfng groups. Correction faétqrs were applied to other bui]dihgs asea
function of capacity. The results are sﬁdwn in'Figure 6. The average cost

of building and house system conversions evaluated in this manner was $64/kw




“for Scenario A. -Thfs assumes that all existing‘heating.systems would require
conversion. In practice, over the twenty-year development period, there wou'ld
f be some new buildings and houses requiring no conversion at-a11; and someyold
existing heating systems woutd have to be rep1aced anyway. Therefore,gthe net
additional investment due to connection ot buildings and houses to district |
heat1ng system is.only some fraction of the full convers1on cost der1ved above.
It is est1mated that this fract1on would be about 0.6 over the period concerned
~and this value has been used in the ana]ysis for the reference case.

ECONOMIC ANALYSIS

A Theldetermination of the rates charged for thermal energy was not part ot:
the scope of work tor this study beeause of the uncertainty as to how the cost:
_allocation between thermal and electrio energy from-a cogeneration plant‘wou1d o
actually be determined. (This question has been considered in the institutional
study whion was conducted by the*MEA)' For the purposes of tH1s ana]ys1s, rates
for the sale of district heat were set to give ‘consumers an economic. advantage

4compared to alternative forms of heat supplies. It was assumed that district
heat wou1d~cost 10'percent less than the cheapest‘alternative (either gas or
~0il). It was considered that this would provide sufficient incentiye‘for
_consumers .to hook up to the d1str1ct heating system |

Based on these rates and the total energy sold the d1str1ct heating
company would obtain an annua]-:ncome, In’ in the Nth year. The«company would
also have to meet.various fuel and operating-costs; capital charges on its
investments and taxes in the case of a private utility. The difference between'
" the annual income and the annual eosts? Kpys has been ‘termed the "net. annual -
‘'saving", Sn°= Iﬁ - Kn which can'be'negative in the initial years when revenoe
"is insufficient to meet costs, and positiVe thereafter. The sum of the;values
of this annual saving in various years can be referenced to the year 1978 by

the application of .an appropriate interest rate, r, and inflation factor, Fn'
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n= 1
'the overa]] viability of the system. -

0ver‘the 20-year period this sum,

s, (1+ k)'n/Fn, is then a measure of

. Predictions by NSP on future inflation rate and fuel costs,wete used for.
the base cases. - The inflation rate’assumed was 5 to 6% per yearﬁinitiaily
and then 4% per year to the year 2000? Qoa1'COsts were assqmed tO-fnerease
- by about‘1.3%‘per year above the rate of inflation throughout4the period. . 0il
costs weré assumed to:reach world market priee5<by 1981, and to increase’

thereafter at about 2% per annum in terms’of 1978 dollars, i.e:, slightly more.

rap1d1y than 1nf1at1on Mean 1nd1v1dua1 boiler eff1c1ency is 70% and eff1c1ency -

for large heat only d1str1ct heat1ng bo11ers is 90%.

Gas pr1ces are assumed to 1ncrease by a factor of 2 4 over the 20-year
period. By the mid-1980" S, gas prices begin to ‘exceed those for light and.
medium grade diﬁ. In light of current rapid]ydescalating worhd oil prices,

a second case has been fun in which gas and oil prices<are assumed to increase
<at an add1t1ona1 1% per annum (i.e., 3% over the rate of inflation).

Table IV summarizes the total 1nvestments needed for Scenario A for the
entire 20-year period in terms of 1978 dollars. The total cost includes the
transmission and distribution system, cogenerat1on and peak 1oad p]ants, and.
bu11d1ng heat1ng system conversions. It can be seen that the system is highly
capital intensive'with-over 50% of the 1nvestment in transm1551on and distri-
bution lines. For this reason it is important that as the system.develdps,
consumers must be connetted early to start generating revenues as soon as
pdssib1e.‘ Out of'a'totalfinvestment of $596 million,. about 80%.wou1d norma]jy,
be ftnanced by the utility and the rest by'bu11ding'owners.,

- Figure 7 shows the calculated net saving in 1978 do]]ars for the:reference
cases (solid lines) for both mdnicipa] and private_uti]ity'financing.

Variations from the reference cases, which indicate sensitivities to different




"assumbtions; afe ;hown‘by dashed lines. ‘Figure 8 shows the accumulated net
savings on a year-by-year basis'eipressed in 1978 dollars.
The results for the municipal financing case show accumd]éted net savings

become positive in about 9 years, and the present'worth of dccumulafed net
savings at the ehd of the 20-year pér{od of $209 miilion. .With private uti]ify
financing it‘tdkes much lunyer -to obtain a break-even of annual costs. The
accumulated net éavings does-not'become positive during the period. considered,
but fhe net negat%ve'?é]ue is small, about -$55 mf]]ibn.. wi;h'a combined form
of financing, i.e., private'utility for prodﬁction'plahts and municipal for
transport and distributidn piping, there WOu1d.bé.a net accﬁmu]ated saving
éstimated to be $150 million after 20 years.

" The curves c]éarly show the"impqrtance the.method of finanﬁingfhas oh the
“overall economics. - Strong incentives exiét,for attemptihg to obtaiﬁ at. least
some of the capital for di;triéf héat{ng Systeﬁs at terms moré_favorab]e than
those applicable for privafé utility financing 4‘e.g., by municipal bonds.

The economic‘results-fbr Scenario B are not avai]ab]e at fhe present time.

SENSITIVITY ANALYSIS

Table V shows the sensitivity of the present worth of the accumulated
net savings to changes in various assumptions. Some of these cases are also
“shown 1n.Figﬁre 7. | |

One significant parameter is the cost of the transport and distribution
system. The cost assumed for the base case is somewhat higher than that
experienced in the Stockholm area, which in turn i§ considerably.mofe expensive
than other regidns‘in Sweden; If éctua] costs were 20% lower than assuméd, the
qccumu1ated net savings wéU]d ihcrease by about $35 million as shown by case 2.

For the base'case it was assumed,thét.lod percent of all present éonsumers

within the supply area'wouldAconnect to the district heating system. The
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-actuai connection rate will be somewhat lower. Case 3 shows the influence of
.a 10% iower connection rate. However, for this anainis the cost of the trans-
port and distribution system is assumed to be the same as that for the system
with the full 100% connection despite the lower heat demand associated with
the Tower connection. With these assumptions, the accumuiated netisavings
are reduced by $46 and 15 mi]iion for municipai and priyate'financino respec-.
‘tively. It should be pointed out that additiOna] loads from new establishments
“within the‘area were.negiected as were some big industries and:two of the -
eXisting steam district heating systems The influence of add1t10na1 1oads
from sich sources would tend to compensate in part for the optimistic
assumption of a 100 percent connection y

If the cost of building conver51pns charged to the;district heating system
is reduced from 60 to 50 percent of the total‘cost of converting every hui]ding,
| the netiaccumulated savings would increase:by i]ﬁito 12 mii]ion |

One of the most critical assumptions indicated by case 5, is the 1nf1uence
of a one percent per annum higher rate of 1ncrease in consumer gas and 0il
prices. This increases the net, accumulated savings by substantial amounts -
$125 and $53 million for municipal and private financing respectiveTy At
this higher fuel price esca]ation rate a system financed by private utiiities
essent1a11y breaks even after 20 years

Case 6 illustrates the 1nf1uence of a 50% higher cost of coa] which
cou]d be the case, for example, in Eastern regions of the country Thislreduces
net savings by $101 and 47 million respectively: 4 |

.Case~7 shows the effect of assuming a district heatiprice of 5 percent'
below the lowest cost alternative instead of 10 percent as assumed in the -base -
‘case. This significant]y increases the accumuiated net saving,achieved“py the

utility by $51 and 24 million respectiveiy, assuming that all consumers still




connect.

FUEL SAVINGS

_ Figure 9 shows the fuel consumed for district heating. This includes
additional coaT that is needed to generate e]ectriéity sacrificed through

conversion of electric-only plants tolcogengration unité;‘ The figure also

shows the fue] that wouldAbe required to suppTyAthermaT energy‘to'the same con-

: Qumers_by individual o0il- and/or gas-fired boilers. For Scenario A, the net B

result over'the beriod 1980 ?'2000 is a savings eduiva]ent to 31imi1110n'barre1$ _

'of 0il -- and an add1t1ona1 replacement of gas .and 011 by coal equal to 18

.m11110n barre]s of oil equ1va1ent Thus a total of 49 million barrels of the

_most lTimited fuel types is rep]aced For Scenar1o B the total net fue] sav1ng

over the per1od is about 30% greater than for Scenar1o A.

ST, PAUL DISTRICT HEATING STUDY .

, NSP is an active part1c1pant in the Studsvik study of thé M1nneapo]1s St

~ Paul area. During the course of its 1n1t1a1 1nv01vement, NSP determ1ned‘that

'it.must doAan independent analysis of its own. ATItprevious thinking and

attitudes at NSP were a resu]t;of experience with steam districf heating sys-

tems. There are major differences in é‘éteam system‘as-compaked_to a hot water

- system as shown by the Swedish experience.

The purposé_of,the NSP study of the St. Paul area was to provide NSP .

management with a decision document concerning district heating. The major

objectfve of the study was_a"comprehensiye assessment of'the physi;al and
financial impact of installing an expanded district heating system in St. Paul.
The size of the study afea was kept small relative to the Swedish work so as

to be mahageabTe for detailed evaluationi. The downtown area of'St. Paul was

chosen because it incorporated the present NSP system, and the high heat load

density would provide the greatest chance of success for the system. The Chas.
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T. Mafn EngineeringJCompany'of Boston, Massachusetts, was se]ected_by NSP:to
perform thts study. The study is not yet completed, but some pre]iminary
4information is available at this time and is presented in this paper. Final
results and‘conciusipns are expected~in approximate]y three months.

PHASE I HEATING MEDIUM SELECTION

‘An evaluation was performed to select.a suitable heat transport medium

for a 1arge expanded district heating system. The basis for this evaluation

- .was an extens1ve 11terature search of U. S. and European techn1ca1 papers for =

steam and hot water d1str1ct heat1ng system exper1ence A quantitative methpdf
ology consisting of weighted su1tab111ty indices and,a‘decision matrix System
was used to evaluate hot water andisteam; 'Aidraft copy of the evaluation was
distributed to the 1oca1 technical, governmental and busihess community, and -
‘a pub]fc meeting.and discussion were held to provide input'to the‘se1ection

: process. The,consensus was'that 300° F hot wateeras-the prefErred heattng~
medium. | |

PHASE 11 MARKET SURVEY AND ANALYSIS

’ The objective of this phase was to estimate the potent1a1 size of the
d1str1ct heating system and the revenues that could be returned from this market
.~ in the years 1980-2000. The methodology used was based on a free market
choice using a comparative payback ana]ysis‘torieach customer. This assumes
that the difterence tnbenergy price between the therma] energy from the district
peating system and the alternative energy sources such as gas and oil can be
a basis for an econpmic choice for the conversion. The customer: finances and
paysefor the conversion at his cost df capita] " The payback period and invest- .
ment in ex1st1ng building heat1ng systems were customer spec1f1c The convers1on
costs for bu11d1ng heat1ng and cooling systems were deve]oped 1n a separate

study performed by the Minnesota Energy Agency3.
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the market surrey was based on a detailed qoestionhaire and interviews with
nearly all of the energy users in the study area. The study area shown in Figure
10 represehts the commercial and industrial core of the City of St. Pau] S1ng]e-
family residentja1 areas were not ihc1uded. The survey 1nformat1on included -
- building type, size,-age,-type,and age of heating~and‘c00]ing systems, and
annua1gand_peah~ehergy ose. Three -years of NSP billing information for electricity,
gas, and steam‘sales for Customers'in the study area was a150'used. .The survey
data were comblned with economic data, 1nc1ud1ng fue] costs, and inflation rates
(shown in Table VI), payback per1ods, interest rates; years to ret1rement of -
existing heating and coo]1ng systems, convers1on opportun1ty costs, and deprec-‘
. iation life. A. computer program was used to perform a f1nanc1a1 assessment for
each customer to determ1ne whether or not the customer wou]d hook up, and if he
d1d when and at. what price. Based on th1s ana]ys1s d1str1ctjheatjng demand
curves were developed for the study~area for the years'1985 ~1990, 1995 and 2000.
For the year 2000 the total d1str1ct heat1ng load for th1s area is approx1mate1y
350 MWt (therma]) This includes” heat1ng, cooling and process heat loads based
on aA§00° F hot water district heating system. |

PHASE 111 SYSTEM DESIGN AND COST

.The third phase of the study cons1sted of an engineering conceptua] des1gn ,
for a 300° F hot water distribution system and the estimation of cap1ta1 and
operating costs. The des1gn of the p1p1ng d1str1but1on system was. based on the
heat demard as projected by the market study ' A conceptua] des1gn study for
"the conversion of the High Bridge~Generating Ptant to cogeneration was performed
by Uhited Engineers and Constructbrs'of Pht]ade]phia. "The capita1 and operating
costs of the COgeneration.plant are discussed separate1y~in this paper. These

costs will be incorporated ihto the'district.heating system cost estimate.
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fhe district heating.system is'shewn on Figure'11.‘ Hot -water from the
cogeneration unit at High Bridge iS'de11vered to the area distribution center
at Third Street. Supply and return headers proceed frOmAthe Third Street Steam
Piant to Zone 1, 3a and'3b. Zone 2 is supplied from Zone 3a; and:Zone 4 1$
sUpp]ied from-Zone 3b. Zone 5 has been omitted due to'margina1 heat demand.

The d1str1ct heat1ng system 1s des1gned as a closed system At the
) generat1ng p]ant a heat exchanger is used to separate steam from the d1str1ct
heat1ng water; at the customer end another heat exchanger is used to separate
'Athelbui1ding,heating system from.the distriCt_heatinQ water. fhe district
heating_water is chemica]]y treated tohprevent:internai piping corrosion.

The geology of the specific;area'determined whetherathe main headers would
be installed in existing or new tunnels or:in'cu1verts torOSUrface trench
burial. The dlstr1but1on p1p1ng can be 1nsta11ed 1n the streets and throuqh
the basements of buildings. D1str1but1on p1p1ng buried d1rect]y in the ground
is enc]osed in factory-fabricated asphalt wrapped steel conduit for corrosion
protection;' Calcium si]icate was selected fer pine insu]ation.

. The maximum,water flow rate is 17;000‘gpm1based.on a 150° F temperature
difference between supply and return.water. Line ve]ocities of up to 7‘feet
per,seCOnd are used in sma11er distributionApring and 10 feet perisecond in
the 1arge main headers. The piping is a]]'Welded steel constructﬁon. ATl

pipes, uaives and fittings'are selected for design temnerature and -pressure

. of 3259'F and 300 psig respectively.in accerdanCe with ANSI Standards. Piping
material is seamless steel A-53 Grade B:. Schedule 40 wall th1ckness is used
fer piping diameters of -2 1/2" to 10". P1p1ng diameters of 12” to 24" use a
.375 inch wall thickness. .

Capital cost estimates for the total project, including the High Bridge




17

conversion costs to achieve cogeneration capability and the installation of

‘the hot water distribution_system, will be determined. A construction and-

implementation scheduie will also be developed for the study area.

" PHASE IV FINANCIAL ANALYsis

The above information‘wilikprovide-a basis to'determine the financial

<f8351b111ty of the St. Paul district heating system Two costs of money will

be. conSidered - one at 6.25% for mun1c1pa] financ1ng and the other at 10 3%

which is NSP s comp051te cost of money The financ1a1 ana1y51s will use a

cash f]ow computer program to ca]cu]ate the revenues required to support the
project's financial carrying charges and operating costs through the study
period. From.this ana1y51s, the payback period wilt be determined by computing '

the time requ1red for the sum of the present value of costs to equal the sum

. of the present.value of the revenues. - S B

RETROFIT OF HIGH BRIDGE GENERATING PLANT T0 COGENERATION

Northern States Power Company's existing power plants are the designated
heat sources for both the'Stuqsvik and the St. Paul District_Heating Stuoies,
The power plants are ideai]y'iocated close to the heat load and use. coal as.the
basic fuel. Conversion oflexisting power plant turhine'units to cogeneration

is used wherever possib]e in district'heating applications as the conVersion

5’of .an existing unit is lower in cost than bu11d1ng new units or 1nsta111ng new

heat- on]y boilers. The techn1ca1 fea51b111ty of converting the ex1sting units
to cogeneration is. therefore important to.the development of the district'
heating system.A

TECHNICAL FEASIBILITY

An initial study to assess the technical feasibiiity of conyerting the

“existing turbine units at the Riverside and High Bridgeueenerating PTants

. was performed by Ekono Inc. The study was_based on turbine technicai manual
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" data and Ekono's Eﬁropean:eXperiehcé in turbine conversion to cogeneration-
' district heating operation. | |

The’feasibi1ity of(hodifying each unit to perhit condensjhg tail
(eXtrattion).or_back pressure opefation was anaﬁyzed,:and the available district
heatihg poWer for each type of convérSidh was cé]cu1atéd. The thermal and
electrjcal'output for the Hﬁgh'Bridge units is shown in fab1e VII.' The table
ii]ustrateélthe re]atibnship befween the district heating supply water temﬁér—
afure and the.e]eétrica} derate of th;funits; The e]ectrica}tderate of units ‘
5.and 6 at 190° F is one half of the.derate ati300° F‘at appfoximatefy the
.éame thermal output. - For a 300° F hot water system; 4 M, power can Be'gained
for each Mie derate of the unité."The potentia].districtAheating power |
available from the converted units is sufficiént‘fof'a large Hot‘water district
heating system. | \ | |

The.next phdse of'the,turbine retrofit p}ogram réquireq}additional‘
téchnica] detail to be deve]opéd; Eéonomic data was also required to support
the C. T. Main Inc. study of the St. Paul area.. United Eﬁgfneers and
Conétructors deye1oped é concepfha] deéign for retrdfitting.the Higthridge
Generating P]ént as the heat source for the St. Paul thermal 1qéd.- The
' déve]opment of'the‘heat source concept requiredfan aﬁsessment of the“physi§a1
condition of thé High Bridge Units:and their sﬁitabi]ity for-conVéhsion. The
concept was then'déveloped in~sufficiént deféi]kto guarantee the feasibifity 4
of the plant retrofft and. the aétubacy of the'cosf estimates. This included
arrangement dréwihgs, process and instriument diagrams, heét balance diagrams
and a détai]ed major eqUipment.list. A capital and operating cost esfihate ‘

was é]so prebared.
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ASSESSMENT OF THE HIGH BRIDGE PLANT

The units were assessed to determine their Suitabi]ity for conversion to
cogeneratidn. The eqdibmentvwas iespected and .the operating reports were .
‘ eta]uéted. Discussions wete held with NSP operating and maintenance.staff.
Meetings‘werelhe1d with'the‘major p]ent equipment manufacturere. The terbine
. manufacturers verified the feasibi]itonf modifying the units to cogeneration.

Units 3, 4, and 6_were_se1ected'for conversion to cdgeneration. The

se1ecti0n'i$ tased on the Hﬁgh evaifabi]ity of these:units.and the projected
]Qw.maietenance cost to'maintaiﬁ'theihigh avai]abi}ity. Unit 4 is similar
ftO‘Uhit 3 but was not recommended for c0nver§ion due to its lower étailabi1ity

AAand the high cost prOJected to. improve its ava11ab111ty - In addition, the base

loaded therma] capac1ty of the Un1t 4 was not requ1red to meet system therma]

demand.

COGENERATION'SYSTEM‘DESIGN o

Thetconceptual syStem design is shoWn'schematica]]y.in‘FiQure 12, Untt
3 is converted to a back pressure operatlon by removal of a port1on of the-
low pressure b1ad1ng It is not amenable to steam extraction due to the s1ng]e
casing turbine design. Unit 3 will be operated in a thermal base Toaded con-
dition to heat the return water from 150° F to 190° F. Units 5 and 6 are
cdnvertedvto cdndeﬁsing tail operation by - the insta]latioh of a variable
‘steam by-pass ‘in the external ctossever piping between the high:preséure
and 1ow'pfe55ure casings. Condensing tail oberation permits the unitlto.be
operated in the summer in the ”E]ectrie Generation" mode without loss. of
e1ectrica1 capecity.' These units will operate in series with Unit 3 to heat
the water to a maximum of 300° F for the peak therma] demand of the system
 An emergency heat exchanger supp11ed with bo11er steam is used when a co-

generation unlt is not available.
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" OPERATION AND PERFORMANCE

Three therma] load cohditions‘have been defined for operation at'uarious;
ambient temperature conditions: 1) :uurdng ﬁlow heating demand"'conditions,

' (48o F or above) Uhft 3 can carry thelload. Units 5 and 6 operate in the
e]ectr1c only mode, w1thout an e]ectr1ca1 derate '2)2 During ' 1ntermed1ate
heat1ng demand" cond1t1ons (Ho F to 48 F), Un1t 3 must be Supported with
heat from either Un1ts,5 or 6. 3) Dur1ng "high heat1ng demand" cond1t1ons
(less than 112 F), a]J'three_units are‘requfred to satisfy the‘heating demand.

| When Unit 3 operates at a maximum heating load of 120 th; the maximum

e]ectric,capacity is 42 Mie; Unit 5 will generate 138 MW and 66 Mie, and .

. , t
Unit 6, 186 th and 109 MWe.d These figures vary-slightly from the initial
Ekono estimates due to boiler capacity 1imitations and additional cooling
flow to the LP turbines recommended by the turbine manufacturers.

A !
CONTROL STRATEGY . -

The turbine control system is‘designed to maintain‘normal operating
temperature aod pressure conditions within the turbine, for both the
"Cogeneration" or "Electric Generation" modes-of‘operation. The proposed
contro] stategy is acceptable to the turbine manufacturers. It is designed-
to protect'the equipment during upset conditions.ahd'to provtde reliable
district heating service. | .

When LP steam is extracted at the LP crossover for district water heat1ng,
the steam flow to the LP stages of the turb1ne is decreased by an equal amount.
Thus, the pressure and temperature cond1t1ons within the IP and LP sectjons.of'

"~ % the turbine arevnot altered when changing the amount of LP steam extracted as
the temperature and pressure conditions within-the iP:and LP stages depend -

oh]y.upon the total steam f]ow_through these stages.




 power.
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The steam flow to the LP section is permitted to decrease to the minimum

_required for adequate cooling of the LP stages.A The steam flow to the district

heating heat exchanger is not pefmitted to increase when the steam flow to
the LP section. of the turbine reaches the 22% minimum value of LP turbine
nofma1 flow.

CAPITAL AND OPERATING COSTS

A detailed capital cost estimate is shown in‘Tab1é VIII. The costs are
based on 1978 equipment prices and labor rates and include indirect costs 'such

as engineering and construction management. Included in the estimate are costs

_required:to convert Units 3, 5, and 6 and also the estimated costs for‘major

repairs'or maintenance required to extend the life of thése units.. The costs
are production.costs at the High Bridgé Station and do not include amortizafibn
costs of the'distribution systém or othef &ispribution cosfs such as pumping
- - : | A . _

Based on the system thermal cogéneratibn output of 444 MWe and the
$9,000,000 conversion'costs,:the unit cost of cogeneration isAapproximate1y
$20/KWt. When the $3,000,000-maiﬁtenance~cost required to extend the life -
of the unit§ is added, the uniticostzbf cogeneration is $27/KuWt.

The ope?atiné'costs-fof electrical and thermal energy weke.devé1oped

usfngAa cost allocation method that maintéins electrical costs equal to

| separate electrical generation costsfand devé]bps thermal costs that are

less than half those obtained from separate heat-only boiler thermal

generation. The cost of electricity produced at the High Bridge Plant is .

‘defined from its historic base, and this value is subtracted from the overal)

cost of~dperatingAthe cogeneration stétidn. The remaining costs, including
amortization of the fetrofit costs, represent the cost of producing thermal

energy. This allocation method encourages éohversion to district heating
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"but ooes not pena]iie electric customers. Annua] thermal energy costs at the
p]ant for UnitsA3, 5, and 6 are $1.04 per million Btu. This inc1udes.$0.58
in fixed costs and $0.46'inroperating costst | |
| CONCLUSIONS -

Studsv1k has deve]oped an 1mp]ementat1on scenar1o for a 1arge regional
hot water d1str1ct<heat1ng system. The analysis conc1uded that the concept 1s
technically feasible, has great'va1ue'from a fuel conservet1on~aspect, and can
achieve viab]e economics‘mith‘an appropriate finenCing'system. The 2600- MWt
system servicing a s1gn1f1cant port1on of the two cities would be economically
v1ab1e{n1th Jo1nt municipal-private f1nanc1ng Typ1ca1 utility financing
: a]one.may not be a v1ab1e option for such a 1arge system. However, a»possib1e
scenario»osfng utility financing<cou1d service the more attractive high heat
.load density regions, but not the lower heat 1oad density areas. | |

Northern States Power Company has examined retroflttlng'the ex1st1ng H1gh
Bridge.Power Plant to serve as a heat source for d1str1ct heat1ngt The~resu1ts
tndicate thet 300° F hot water can be supplied without a substantial loss in
generating'capacity at an estimated eabita] cost of $20/kwt.4 This is less than
the eéoita1 cost of a new oil or gas -fired boiler at abproximetely $40/KH .

Northern Stétes Power COmpany is involved in a study looking at.the
initial development of a hot water d1str1ct heating system for the central
port1on of the city of St. Paul. This system is a subset of the overa]] scenario
out11ned by Studsvik. The goal of this study is to supply the deta11s hot
provided in the Studsvik work to-enable the utility to make a decision concerning
the'implementation of a hot weter district heating system. The financial
analysis for this work.fs not complete at the'present time,_and meeningfu1

conclusions cannot be drawn. . : ' , .
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. In summary, the pre11m1nary analysis of the feas1b111ty of a district

heating system for the M1nneapo]1s St. Paul area is nearing comp]et1on and

the results show that s1gn1f1cant savings in 0il and natural gas are poss1b1e.

It is uncerta1n, however, as to what type of financing (1.e.,:ut111ty,
municipal, or some combination of these) would be most suitable to implement
such a system. ‘This question and others need to be resolved in .order to

k3

bring about the successful deve]opment and growth of cogeneration/district

heating systems'wnich*can be a significant benefit to both local and national

interests;
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TABLE I MINNEAPOLIS - ST. PAUL DISTRICT HEATING STUDIES

DISTRIBUTION AND BUILDING SYSTEMS
Studsvik District Heating Study .
St. Paul - Districi.Heating Study

Building Conversion Study

ENERGY SOURCES STUDIES
“Retrofiting ‘an ExistingACoa].P]ant

New Coal/Cogeneration P1ant*Aséessmenf

NucTegr‘Cogeneration‘P1ant Assessment
INSTITUTIONAL ISSUES
Ownership Option and Barriers

ENVIRONMENTAL

Air Quality Modeling

SPONSOR

- DOE
‘NSP
- DOE

NSP
- NSP & DOE

DOE. ..

DOE-

© DOE,
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" TABLE II AREA TYPES AND HEAT DEMAND

" Type of'Afea‘

2.

~ Minnea- St.<Pau1 B Total
polis o ,
Very dense downtown areas with exist- . o ,
“ing DH systems (>70 MW/km“) - 206 60 ' 266
2. Other 1qrge,customers'néedihg special I :
consideration - C 100 191 291
3. . Dense downtown area (>50.MW/km2) . 313 244 557
4. Medium density districts with . |
commercial buildings and mu]ti-fgmi]y R A
-apartment buildings (25-50 MW/km<) 1000 286 1286
-Residential areas with two-family and : : . A
four family houses (10-25 MW/km?) 370 -195 565
6. Total load, including épecial customers 1989 . 976 . 2965
7. SCENARIO A TOTAL 1781 . 840 2621
Additions for Scenario B
8. Lérge customers needing special : . . _
 consideration - 48 Y 99
9. Residental areas (10-25 MW/kmz):T 1105 j' 826 1931
10. Total additions 1153 877 2030
1. SCENARIO B (potential) 2934 1717 4651
SCENARIO B'with 70% connection of - ‘
item 10 : : - 2588 1454 A 4042
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 TABLE ILI COGENERATION PLANTS

Cogeneration
: : Output 1) | - , _
Power Plant . Original . - Conversion - Start of
Unit “ Electrical Mwe th - - Cost . - Operation
Output Mwe ST R ($ Million) (year) 4)
EXisting‘Units} | '

* High Bridge No~. 3 .62 48 117 3.3 . .10
High Bridge No. 4 62 4 M7 33 g
High Bridge No. 5 . 102 64 157 4.

High Bridge No. 6 -~ 15 . 98- 240 4.5 2

Riverside No. 6 62 . 48 100 3.3 2

Riverside No. 72) 5 - 52 110 . 0.0 7

Riverside No. 8 216 127.5 330 5.5 2

Total  ~ 716 . 485.5- 1181 - 23.9

_ Maximum - . Extra Cost 3) .
S Electric g N : N -

New Units o Outgut MWé ' o ' -~ - (3 Mi]lion)

High Bridge 9 or

Riverside No. 9 ' . - . v o

(Scenario A) . 240 - 190 335 29 12

King (Scenario B) 900 240 2x350 72 . 1g

TOTAL,-SCENARIO A 956_ o 675.5 - 1 5j64 ' 53

TOTAL, SCENARIO B 1616 885.5 181 9

1)  Simultaneous maximum electrical and maximum therma1'power'output

2) New back pressure turbine installed in existing bu11d1ng to match existing
boiler. Value of additional electrical power gained is estimated to equa1
cost, therefore no charge to district heat1ng system. : v

3) Additional cost due to economy of scale as.compared to normal Targe capacity
units at remote s1tes : :

.4)' Assum1ng start of distribution sysfem'COnstructiQn ih year 0
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TABLE IV DISTRICT HEATING SYSTEM INVESTMENTS, SCENARIO A. (1978 DOLLARS)

- Total Cost "Unit Cost *
| (Mi]iian $) ($ per KH)
'Cbgeﬁékation plants” = . R - 55 21
Peak load boilers ' e 19 : - 30
| 'P;oduﬁtion plant tota1. . | N o 138 ' - - - 51
Hbt water,transborf 3' T : 81 ) " 31
Hot water distribution o E ‘ 2% . 98
'_Transport and‘distribufion totaT' ::. o :337 ' 129
Pfoducfion, transport, dfstribﬁtion" S 180
‘Bujlding.conversion -; - _ "" S 125 | ‘ ‘;§g
~System totai _ 5 'f‘l - ;:_ . '596 230

* Based on 2621.th Maximum System Demand
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LA

TABLE V SENSITIVITY .OF NET ACCUMULATED SAVINGS TO -
CHANGES IN ASSUMPTION (MILLION 1978 DOLLARS)

‘Base case

20%-lower'trénsm1$sion
and distribution costs

90% connection wifhout .

change in transmission
and distribution cost

. “Building conversion

costs charged to
district heating reduced
from 60% to 50%

. - 1% per year faster oil

and gas price increases
50% higher coal costs

District heating price
at 5% below lowest
alternative fuel instead
of 10% below

Net Acéumu1ated Saving

Change From Base Case

Municipal Private MUnicipa] Private
: | Utitity = - Utility
Financing - Financing Financing Financing
208.60  -54.56 - -
246.87 20.29 - - +35.27 +34.27
'162.74.  -69.58 -45.86 . -15.03
224.37 . -42.54  +15.77 +12.03
R [ :
333.86..  -1.39  +125.26 +53.17
107.90 -101.90 -100.70 -47.36 -
260.09 -30.58 +51.49

+23.98
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~ TABLE VI PRICE OF ALTERNATE FUELS
(1978 $/MILLION BTU OF DIRECT HEAT)

. Year . 0i1 o  'N§tura1 Gas ) "~ Electricity
1978 - 3.2 . - . 2.08 o 8.33
1985 sl 625 20
1990 . 7.28 g 928 - - 1588
1995 10.41 Cvess 1937

2000 0 0 a0 6.92 . 2367

NOTES: 1)' Inflation is 5.3% 1978 t6 1985 and 4.2% 1985 to 2000 -
©2) 01 cost is 2.8% above inflation o

-~

" 3) Gas cost is 2.6% above inflation

4) Boiler conversion efficiency is 80%
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" TABLE VIT HIGH BRIDGE TURBINE CONVERSION.DATA

Simultaneous

. : » Original

" Unit - Conversion (1& Rating - Cogeneration Derate
Supply/return temp. “F Mde - MW e - Mt Mde
Unit 3'& 4 - C. T. 131/190° 62 50 118 12
‘Unit 3 & 4 - B. P. 131/190° 62 '50  19 12

Unit 5 - C. T. 190/300° 102 © 59 154 43
Unit' 5 -B. P, 131/190° F 102 8 157 19

CUnit 6 - C.T.190/300° F 156 97 . 218 59°
Unit 6 - B. P. 131/190° F 156 21 221 29

1) CT —‘condehsing tail; BP = back pressure

. 'TABLE VIIT CAPITAL CONVERSION COSTS

'Equipmént

Retrofit Cost

Maintenance Cost

,Siructures and Imprerments‘
Boiler Plant Equipment
Turbine-Generator Units -

* Accessory Electric Equipment
“Total Direct Costs

Ihdirect Costs .

COnﬁingency

‘ Total

o

30,000
4,105,000

2,880,000

7 315,000

7,330,000

620,000

7,950,000

1,050,000

$

9,000,000

-$2,450,000

2,450,000
200,000
2,650,000
350,000
$3,060,ooo
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SHERBURNE
(coal, 2 x 680 MW)
S (2 x 800 MW 1980/85)

ST CROIX RIVER =

RIVERSIDE

Dense down-town (coal 334 MW)

areas KING .
(coal, 524 MW)
Approx ‘
extent of "
reasonably 17 miles
_dense ' S _ R
residential ; ST. PAUL -
_area D.H"S L ’

R Dense down-town
MINNEAPOLIS :;:
HIGH-
BRIDGE
(coal, 363 MW)

MINNESOTA RIVER

~BLACK DOG -
~ lcoal, 407 MW)

. ® Coal | L  PRAIRIE ISLAND B
B Nuclear S , (nuclear, 2x520 MW)
4 D.H = Existing district heating scheme (steam) '

o 5 -1 15 20 25
L l. A | I M | ) ]

Miles

.Fig. 1. Area map with main; thermal power plants.’




Fig. 2. Heat load densities and possible regional piping systems.
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(200 MW/year)

« SCENARIO'®®

’Coiiing SCENARIO *8*

Medium density residantial
_one family houses
10 - 25 MW/km?

2000

i

Ceiling SCENARIQ ?A®

A

) Residentiat 1 10 & famit
) !
. 1025 MW/km2

\ -
/ SCENARIO *A?

/ {130 MW/ysar)

Medium density industrial,

1000 [—

High density down - to
"gso"t:W/ka ‘"

0
1980 1985

Scenarios

1990 1995

A and "B,

2000 Year

Fig. 3. Assumed load connection rates for

commercial ment
buildinmzo-mw/kmz o
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1978 $/Ft

Ad RS { .- I
. ‘ 3000 F ' ) ' i T -
| ' P a2
RN S m— T
" 2
| . ;
!
i
t
1000
500 :
- i
1 = Tunnel in sandstane
I 28="Culvert, downtown® (M"z'l“s":‘”'
| 2b= Culvert, residential® pla/St Peul)
3 = Actual costs Swedish town { ~ 100 000 inhab)
: © 4 = Shawijnigan % .
o 5 = Burns and Roe X X . ’
‘/ : - Excoed actual costs in Stockholm ares
I i : - 2
| . . / o @ Prefabricated culvert, Stockholm down town
. . 100 7 N - & Protabricated culvert, Stockholm residential
I i \ Vo )
-1 0.5 ’ 10 I 1.5 {m}
70 L * :

o . 10 20 .30 40 50 60 Inch
- Inner diamaeter of pip-'

Fig. 4. Total installed cost of two-
‘way hot water line (urban).

"District Heating, Cooling and Solid Waste Conversion'
The Shawinigan Engineering Company Limited, Ottawa, . _
Canada, March 1977, .(Costs are ‘presented in 1977 dollars).

*k : : o o o
. I. Oliker and J. Phillip, "Technical and Economic

Aspects of District'Heating Systems Supplied from

Cogeneration Power Plants', American Power Conference,

Chicago, IL, April 1978, (Costs are presented in 1977
- dollars). ' ' S
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Distribution line costs
$/kW .
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Fig. 5. Distribution network cost as a function
of heat density (Stockholm's cost figures).
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Without correction for lower heat sxchanger costs
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Fig. 6. Cost of building heating systems conversions.

(See Reference 3);
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FIGURE 10 ST. PAUL STUDY AREA
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FIGURE 11 ST. PAUL DISTRICT HEATING SYSTEM






