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Project Summary

A study of the potential for district heating in Minnesota
was conducted as part of the Minnesota Energy Agency's effort to
encourage the application of district heating as an energy
conserving measure. This study, the Minnesota Project, was funded
by the United States Department of Energy as part of its program
to demonstrate the use of heat produced as a by-product 6f
electrical generation in existing condensing electric power plants
as a source for district heating. Phase 1 of this program, the
results of which are reported herein, entailed a survey and
analysis of potential demonstration sites with the objective of
identifying the most attractive site(s) for actual
implementation.

The Minnesota Project began with a survey of all steam
turbine power plants in the state to identify those plants that
could be retrofitted for district heating. Thirty-nine plants
were identified and each of these plants was matched with a
potential service area in a nearby community. The nine most
promising power plant/service area pairs were then reviewed in
some detail. This review included a preliminary review of owner        2

utility preferences, technical feasibility of retrofit, fuel type,        5
ownership options and environmental factors. Five of the nine
were selected for more detailed study. The initial institutional
and economic assessments indicated that two of the five were less
promising than the other three, and these two were then eliminated
from further analysis. As a result of this screening and assess-
ment process, three especially promising communities, Red Wing,

Moorhead, and Fergus Falls, were identified as viable candidates

for initial analysis. These three cities were evaluated in terms
of technical factors, potential market, institutional considera-
tions and preliminary economic analysis.

The project team was headed by the Minnesota Energy Agency,

who served as prime contractor to the DOE, and included KVB, Inc.,

who conducted the technical assessmdnt of retrofit schemes, and

Touche Ross & Co., who carried out the assessment of market,
institutional issues and economic analysis. Other members of the

team included Fjarrvarmebyran ab, a leading Swedish distribution
system design firm who developed distribution schemes for nine

Minnesota communities as part of the project, and Metcalf and
Eddy, an architect/engineer firm who assisted KVB and

Fjarrvarmebyran in adapting European district heating technology
to Minnesota conditions.

The results of this preliminary analysis indicated that all

three communities are good candidates for district heating

1        systems. Two of the three, Moorhead and Red Wing, have excellent
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economic potential and a very favorable institutional climate. In
both of these cities, there is a very strong commitment of supportand. cooperation from the utility and the community for the concept
of district heating. In the third city, Fergus Falls, there aresome initial thermal market limitations and institutional consid-
erations which make this city somewhat less attractive as ademonstration site. However, this city is still a viablecandidate for cogeneration district heating given long term
development and energy planning.

U
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Project Approach

The Minnesota Project began with a survey of the existing
power plants in Minnesota. This survey identified and categorized
the existing thermal power plants, the potential associated
district heating service areas and the characteristics of these

of Sherco 1 and 2 units of Northern States Power to the 3 and 5 MW
service areas. _The power plants ranged in size from the 1550 MW

municipally owned and operated units of the cities of Madison and

<

Blue Earth.

A process was,developed to determine the most attractive
combination of service areas and sources . As the number of pro-
spective sites was narrowed, the amount of detailed investigation
was increased so that progressively more information was available
on the more attractive sites.

Following the initial survey, a pairing of communities and
power plants was made in order to make a rough check of "thermal
electric balance." This process showed that Black Dog, High
Bridge, Riverside, Alan King, Sherco, Monticello, and Prairie
Island (all Northern States Power Company generating stations)
were all excellent potential sources for Twin Cities district
heating but could not be effectively matched with smaller nearby
communities.

Site visits were then made and initial conceptual designs
were drafted for distribution systems in each community. These
site visits served as the basis for detailed examination of
Swedish district heating distribution technology as it would apply
to Minnesota conditions. The results of the service area
evaluation indicated that nine sites were potentially viable from
the standpoint of distribution system economics and conversion
techology. The range in estimated implementation costs was fairly
small, and none of the nine sites was especially attractive or
unattractive from that standpoint.

Further investigation into the characteristics of the nine
power plants indicated more basic factors for site selection.
These include preferences of the owner utility, fuel type,
emission compliance status and the nature of the existing source
for district heating. These factors eliminated four of the nine
subject sites. The remaining five were subjects of an initial
study of institutional and market factors, as well as more
extensive technical and economic evaluation. As a result of these
evaluations, Rochester and Duluth were eliminated primarily due to
factors relating to the presence of existing steam systems in
these cities, leaving the cities of Moorhead, Red Wing, and Fergus
Falls to be examined in detail.
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More detailed technical, market, institutional and economic
analysis were then performed on the remaining three cities. The
effort and results of the analysis in each of these areas are
explained elsewhere in this report.
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Study Results

Technical

The technical assessment activities carried out as part of
this project included the assessment of retrofit opportunities at
each site, developing preliminary distribution networks and esti-
mating the requirements for building heating system conversions.
Costs in each city for the above items were estimated.

•  Retrofit Strategies

Four types of retrofit strategies were assessed:

1.  Back Pressure Conversion
2.  Added Extraction
3.  Cross Compounding
4.  Use of Regenerative Heaters

The assessment of retrofit opportunities also .considered
thermal/electric balancing, emission control and compliance, and
the need for modifications to peripheral equipment.

For Moorhead the selected approach is the use of back pres-
 

sure extraction on the plant's three small turbines with a header
steam modification to the large operating 22 MWe turbine for
peaking and backup. This approach will require an estimated $1
million investment in 1979 dollars for emissions control on the
three small turbines and $500,000 for retrofit on the 3 small
turbines and backup with the main turbine.

In Red Wing, the two identical turbines at the power plant
were constructed in a manner to allow for relatively simple
turbine modification. A controlled extraction conversion to one
of the turbines appears to be relatively simple and would cost
approximately $1 million in 1979 dolrars including a modification
to the dual headers for backup and peaking requirements.

For Fergus Falls the cost of controlled extraction at the
crossover point of a 66 MW base loaded turbine along with the
backup and peaking connection for header steam to another boiler
was estimated at $1.5 million in 1979 dollars.

0  Distribution Systems

A,two-pipe hot water energy delivery system using variable

temperature, constant flow sendout of 240-2700 water was selected
to allow for system optimization under varying thermal and

electrical loads.
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In the assessment of the physical extent of the preliminary
distribution network in each city consideration was given to the
present and expected future thermal load density and the geograph-
ical location of the generation plants in relation to potential
service areas. Obstacles such as highways, waterways and indus-
trial concentrations which might affect installation costs were
also taken into account.

Independent initallation and pipe costs for a two-pipe hot
water system were calculated by both a Swedish and U.S. firm. The
comparison of the costs indicates that the estimates were roughly
the same.

In Moorhead the distribution system will require a total pipe
length of 11,500 meters at an estimated cost of $5,578,000.

In Red Wing, due to the density of the potential market, only
3,600 meters of pipe will be required at an estimated cost of
$2,055,000.

In Fergus Falls, because of a widely dispersed load, the
total pipe length required was 12,500 meters at an estimated cost
of $5,085,000.

These cost estimates are in 1979 dollars and were increased
by 15% to reflect design and inspection costs when used in the
economic analysis. The construction phasing of the pipe instal-
lation varied from 2 year's in Red Wing, to 4 years in Fergus Falls
and 5 years in Moorhead. A construction inflation rate was
applied to the 1979 dollar estimates to reflect higher costs
resulting from phasing the installation.

0  Building Heating System Conversion

A major expense of the overall cost of a district heating
system is the cost associated with the conversion of users' heat-
ing systems to make them compatible with district heating.

Building heating systems are generally fueled by gas, oil or
electricity. From the perspective of heating system compatibility
with district heating, however, it is the heating medium which
will determine the cost and complexity of the conversion, not fuel
type. The three types of building heating media most commonly
found in Minnesota are hot water, steam and warm air. Each of
these heating media can be modified to make it compatible with
district heating.

Cost curves for converting these heating media were prepared
and the results were used in the economic analysis. Total
conversion costs for the cities of Red Wing, Moorhead and Fergus
Falls were estimated at approximately $450,000, $1,680,000 and
$690,000, respectively, in 1979 dollars.
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Institutional

Institutional issues were divided into two distinct groups
depending on the degree to which each issue might present a
problem for the implementation of a district heating system.
Group I issues are those which might pose significant barriers to
implementation and require analysis or resolution even in the
preliminary stages of this project. Group 2 issues do not appear
to present significant barriers but represent concerns which may
need further clarification and analysis in Phase 2 of this study.

Examples of several major Group 1 issues include the
selection of thermal pricing and hookup policies as well as the
appropriate capital structure and types of debt to seek for
project financing. These are some of the concerns that a
potential owner/operator must resolve in a decision to proceed
with construction of a district heating project. ·In order to
proceed, the potential owner/operator needs an appropriate
decision process which will place all significant issues in an
economic perspective. Favorable economics of the project will
ultimately determine if a project will proceed to construction.
It is clear that the project must be kept to a manageable size and
the potential owner/operator be included as a participant early in
subsequent phases.

Another group 1 issue deals with the cost allocation between
thermal and electrical power. Various present and future regula-
tions may determine the cost allocation methodology. Until this
methodology is defined, the viability of a district heating system
is in question because the economics of the project cannot be
refined because of uncertainty. Group 1 issues analyzed include:

•  Selection of an Owner/Operator
I  Decision Process for Utility Investment in Cogeneration

District Heating
I  Hookup Policy
I  Allocation of Costs/Benefits Between Electrical Generation

and District Heating
0 Moorhead Public Service: Plant Lease and Purchased Power

Agreements
•  Pricing Policy
I  Profit Motivation for a City-Owned District Heating System
I  Capital Structure
•  Types of Debt Available
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Group 2 issues involve laws and regulations which will impact
district heating both administratively and economically but do not .1
present serious impediments to implementation at this time.

•  Start-up and Construction Permits and Authorizations
•  Franchise Agreements
•  Taxation
•  Zoning and Redevelopment Plans
•  Regulation of the District Heating Business
•  Displacement Effects on Existing Energy Suppliers and

their Customers
•  Adequacy of Existing Coal Contracts

Potential Market

The objectives of the energy market analyses conducted for
the three cities were:

•  To develop initial estimates of the potential market for a
central district heating system.

•  To determine the major service requirements of potential
district heating customers.

• To identify factors or problems which could have a
significant impact on the market penetration of the
district heating product.

In order to accomplish these major objectives, it was
necessary to understand and collect data regarding potential users
of the district heating system.  The market analysis methodology
consisted of three basic steps: (1) preliminary visit, (2)
detailed surveying, and (3) selected market interviews. The
detailed tasks required in each step determined the level of
effort and the results affected the scope of tasks included in
subsequent steps.

•  Potential thermal market

Moorhead has the largest market with a potential market        i
approximately two times that of Red Wing and two and one-half
times that of Fergus Falls. Moorhead and Fergus Falls are similar
in that a minor percentage of each potential market is process
use, whereas Red Wing has a substantial potential process market.

The annual potential energy consumption and estimated hookup
for the three cities for district heating are:
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Potential Estimated
'

Consumption Consumption

1 1.  Moorhead     -             144,444 MWH 135,860 MWH

2.  Red Wing     -              73,555 MWH 70,679 MWH

3.  Fergus Falls - 64,870 MWH 61,536 MWH

No annual growth in potential thermal energy demand was
estimated in the economic analysis.

•  Type of Customer

The following table presents the potential market by type of
customer. The dominant potential market in Moorhead is
educational, which is reflected in the high percentage for the
Public and Institutional category. The.Multi-Unit Residential
percentage was also high and represents mostly student housing
supporting the educational institutions. In Fergus Falls, the
dominant potential market is the hospitals and that is reflected
in the. high percentage of the Public and Institutional category.        i
The Multi-Unit Residential is also high and represents mainly rest
homes supporting Lake Region Hospital. In Red Wing, the dominant
potential market is process.                                                :

Percentage of Heating Market by
Type of Customer

Moorhead Red Wing Fergus Falls
l

Public and Institutional 56% 9% 64%

Process                           3        61             3

Large Commercial                13        15             9

Small Commercial 11        11             14

Industrial                       -          2             1

Multi-Unit Residential 17        2            9
100% 100% 100%

Each city has a dominant characteristic that accounts for a
major percentage of the potential thermal market. Moorhead is
educational, Fergus Falls is health care, and Red Wing is process.
All cities have approximately the same percentage of the total
potential market related to their dominant characteristic and each
city has approximately the same percentage of its total represen-
ted by the commercial category.
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•  Type of Heating System

The following table shows the percentage of each cities
heating market currently being served by alternative types of
heating systems. Moorhead is dominated by the hot water/steam
systems of the college and university. The hot water use is
related mostly to multi-unit residential units. Fergus Falls is
dominated by hot water/steam and steam due to the hospitals. The
hot water percentage is related to the rest homes and partially to
renovations in the downtown area. Red Wing is dominated by steam
which is related to the fact that it is an older community.

Percentage of Heating Market by
Heating System

Moorhead Red Wing Fergus Falls

Hot Water 30% 28% 19%

Steam                                 7         52          24

Hot Water/Steam 51          1          49

Forced Air 12 19 8

100% 100% 100%

•  Potential Annual Fuel Displacement

The potential annual fuel displacement for the three cities
by type of fuel are presented below:

#2          #6
Gas Fuel Oil Fuel Oil Propane Lignite

City (CCF) (Gal) (Gal) (Gal) (Ton)

Moorhead 3,561,897 1,702,535 638,246       -         -

Red Wing 2,253,703 168,553      -       520,403      -

Fergus Falls 1,016,406 968,323      -          -       6,996 '
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Economic Analysis

The primary objective of the Phase 1 economic analysis was to
develop summary economic and cost factors that should be con-
sidered in selecting a demonstration community and identifying
major economic differences between the selected communities. In

order to meet this objective it was necessary to define the most
reasonable operating scenario for a district heating company in
each of the three cities based upon results of Phase 1 technical,
marketing and institutional efforts. It should be noted that the
preliminary economic analysis was not designed to develop final
estimates of costs and revenues.

A second major objective of the Phase 1 economic analysis
effort was to identify the major economic factors (cost and
revenues) which must be estimated more precisely before a final
decision to proceed with construction of the system can be made.
These factors were determined by performing sensitivity analysis
to assess the impact of different cost and revenue elements on the
overall economic results. The results of these sensitivity tests
were then utilized to shape the specific scope of the Phase 2
effort.

Another objective of this preliminary economic analysis was
to provide information regarding the results of the Phase 1 effort
to potential owners, users and other key decision makers in order
to obtain their commitment to future involvement. The base case
economic analysis provided a reference for identifying and
resolving specific local concerns and requirements.

A final objective of the economic analysis work was to
provide input which could be used with other data to rank the
three cities on the basis of probability of success.
Consideration was also given to operational success of the
demonstration site and to the probability of replication.

It was determined that a "base case" scenario would be
developed for each city. The base case represents the project
team members concensus of expected financial results for a
district heating system in the cities of Moorhead, Red Wing and
Fegus Falls. Key assumptions or estimates used in developing the
base case were tested to determine their potential impact on the
overall economic results. This was accomplished by measuring the
imapct of a change in these key variables on the base case
economic results.

•  Base Case Results

In Moorhead, total capital of $11,475,000 will be required
for capital expenditures, working capital and to fund initial
start up losses. The district heating company will begin to
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generate cash in excess of operational and capital needs in 1987,
seven years after operations begin. The net cash flow on the
investment over the 20 year period was analyzed to determine the
internal rate of return on the investment. The cash flow internal
rate of return of 9.75% when used as a time value discount factor
yields a present value of zero for the investment. Assuming that
8% is the cost of capital (debt) for the city the investment would
have a "real" value of approximately $1,500,000 recognizing the
time value of money. In addition, the base case results indicate
that debt will be fully retired by the end of twenty years
assuming no contribution to the general fund or reserve build up.

In Red Wing, total capital (50% debt, 50% equity) of
$4,000,000 will be required for capital expenditures, working
capital and to fund initial start up losses. The district heating
company will begin to generate cash in excess of operation and
capital needs in 1983, 2 years after operations begin. The
internal rate of return on the cash flow available to equity
owners over the 20 year period was 10.94%. This is less than an
acceptable return rate assuming private ownership, but the
assumptions are conservative enough to indicate that the return
could be increased by financing alternatives and increased thermal
pricing.

In Fergus Falls, total capital (50% debt, 50% equity) of
$8,240,000 will be required for capital expenditures, working
capital and to fund initial start up-losses. The district heating
company will begin to generate cash in excess of operational and
capital needs in 1986, six years after operations begin. The
internal rate of return on the cash flow available to equity
owners over the 20 years was .32%. The results of the base case
economic analysis indicate that Fergus Falls is not presently an
economically viable demonstration community. The .32% rate of
return would not be acceptable to generate private investment.
The major factor impacting the projected results is the
substantial distribution lines investment relative to the
potential thermal market. Locating a significant process load
near the proposed distribution network or plant could dramatically
improve the projected results.

•  Sensitivity Analysis

Sensitivity analysis was performed on significant assumptions
in Moorhead and Red Wing to test the relative importance of their
assumptions on the financial projections presented in the base
case analysis. No sensitivity tests were conducted for Fergus
Falls because of the initial low base case return.

A key sensitivity test performed on both cities was to price
thermal energy at 100% of the alternative scarce fuels using a
4.3% and 3.0% escalation over the 4% general inflation rate for
gas and oil respectively. The sensitivity analysis results
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indicate that an attractive return can be earned in either of
those cities even if some of the other costs are underestimated.
These tests also identified areas of additional study which have

been incorporated in the Phase 2 proposal.

The results of the sensitivity analyses clearly demonstrated
the relative impact of scarce fuel escalation rates on the
economic viability of district heating. It is apparent that as
long as scarce fuel prices escalate at rates greater than coal
escalation, the opportunity for a viable project exist. In

addition if scarce fuels have a differential escalation rate near
ten percent, the economic viability of the system is almost
assured.
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Phase 2 Issues

The Minnesota Project has identified two sites in Minnesota,
Moorhead and Red Wing, which are immediate candidates for a
demonstration district heating system. Several other cities were
identified, especially Fergus Falls, that although not as
presently attractive have the potential for district heating after
implementation at the demonstration sites.

District heating will be capital intensive, and the economic
success will be dependent on successful technology transfer and    '
the early identification and resolution of issues so that the       t
prospective district heating company owner can make a final
decision to construct the project.

The key issues facing a prospective owner have been identi-
fied through this study and through discussions with the assumed
owners of the district heating company in each of the cities. The
issues explanation, an acceptable resolution and how the Phase' 2
scope of work is structured to supply data for resolution are
presented below.

The following are the major issues which will have to be
resolved before a final decision to construct a district heating
project is undertaken in any of the cities:

•  Construction costs

Before a final decision can be made it will be necessary to
determine more precisely the cost of constructing thermal
distribution lines. Given the recent history with regard to
construction cost escalation it will be necessary to develop
detailed specifications and obtain bids before a final decision
can be made. The final construction cost will impact the amount
of capital required, the energy sale contract structure and the
ultimate return the project owner will earn.

In the proposed Phase 2 work effort, detailed design (working
engineering drawings) for a segment of the system will be created
and bids will be obtained for construction. This cost will then
be used to ·develop the total system cost. Installation procedures
will be estaolished and right-of-way and conflict with in-street
utilities will be resolved. The result of this effort will be
that a potential owner/operator will then have real construction
estimates to help in the decision making.
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I  Conversion Cost Estimates
1

.

Another major cost which must be more precisely defined prior
to the decision to build is the cost of converting individual
customers to the system. The cost of building heating system
conversions has been identified as a potential barrier to economic
viability of the system if the building owners must pay for the
conversions. The owner/operator of the district heating system who
could pay the conversion cost in order to build a revenue base
must'feel comfortable with the estiinated costs and to determine
what heating system types or building sizes it is not economical
to convert.

In Phase 2, conversion cost will be estimated specifically
for the major customers and detailed estiinates of the cost will be
developed for varying sizes and types of heating systems for other
customers as a check on the original cost estimates and to assure
that such conversions are practical and useful for potential cus-
tomers and the owner/operator.

•  Retrofit Cost

The cost of retrofitting the generating plant must be defined
in more detail since this will be a cost incurred by the potential
owner/operator. In order to do this it may be necessary to get
detailed bids from contractors and/or manufacturers who would be
involved with actually performing the retrofit. In the case of
Moorhead it will be necessary to also define the exact
specifications of the retrofit in order to make sure that the
units being converted meet EPA standards.

Specific Phase 2 tasks will concentrate on selection of the
most attractive or optimal retrofit mode and to refine the cost
estimate. Besides detailed cost estimates/bids, a schedule for
turbine retrofit will be developed and a system reliability model
will be prepared to perform a system reliability assessment. Also
specific equipment relating to the district heating adaption of
the power plant will be selected including pumps, heat exchangers,
valves, etc. Prices for purchase and installation will be
obtained. Plant placement for this equipment will be defined and
reliability/availability/maintainability analyses will be
conducted.

•  Cost of Thermal Energy

Another major issue which must be resolved is to determine
the procedures that will be used to develop a cost of thermal
energy. The methodology for allocating cost to thermal energy
should be established prior to the decision to develop the
system. The final thermal cost allocation methodology will
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I.

have a significant economic impact on the district heating
company. The potential owner/operator should have reasonable
assurace that the cost sharing methodology that will actually be
used will be the same as the methodology used in determining
economic viability and pricing energy sales contract.

In Phase 2, detailed plant operation results with and without
district heating will be analyzed to develop a detailed presenta-
tion of the incremental cost of thermal energy and to study the
impact that alternative allocation approaches would have on· the
cost of th rmal energy. Possible alternatives and discussion will
be held with the Public Service Staff (Red Wing) or the Utilities
Commission of Moorhead to reach tentative agreement on the
approach that will be used.

•  Market Demand

In each of the two prime cities, Red Wing and Moorhead,
energy sales agreements or commitment would have to be obtained
from major users before a final decision could be made. This
agreement should take the form of a formal contract that specifies
the terms under which they will become customers of the new dis-
trict heating system. Moorhead customers involved would be the
two colleges, Moorhead State University and Concordia College. In
Red Wing the major customer would be Fleischmann, Inc. The energy
sales agreements negotiated would serve as the basis for agree-
ments with other users. This agreement can then be used as a
basis for revising the revenue estimates in the economic analysis
and the existance of these contract could serve to present addi-
tional security to outside investors in financing the project.

The Phase 2 activities in this area are geared to analyzing
the economic impact on the major users, developing energy pricing
alternatives, analysing the impact of each alternative and
reaching tentative agreement on the alternative acceptable to the
users and the district heating company.

I  Displacement Effect

District heating will cause a loss of market share for
certain scarce energy fuel supplies. In Red Wing, the potential
owner/operator will have gas displaced which they distribute.

These energy suppliers may oppose a district heating system
because of perceived adverse economic impact if implemented.

In Phase. 2, the affected suppliers, amount of displacement
will be identified and projected lost sales estimated. Recommenda-
tions will be presented on developing marketing strategy and
phasing construction consistent with minimizing displacement
impact.
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I  Financing

A major issue that must be resolved is how the system will be
financed. In the case of Red Wing, if you assume NSP ownership
and the economics of the system indicate that normal financing
arrangements and costs can be supported there will be no major
problem. However if some form of subsidized financing (government
supported industrial revenue bonds, etc.) then it will be neces-
sary to develop a formal financial feasibility study which will be
used to secure financing through a separate placement.

It is probable that a formal feasibility analysis will have
to be prepared regardless of the method of financing in Moorhead.
In addition, in Moorhead, a major issue that may have to be
resolved is whether the electric power revenues will be pledged as
support for the financing issued for the district heating system.
It will have to be determined exactly under what conditions these
revenues would be pledged.

In order to obtain the commitment of substantial resources by
the owner/operator, it will be necessary to define more precisely
the type, form and consequences of various financing alternatives
in the two cities.

In addition, it is necessary to define the profit and
investment requirements required at each of the cities to meet the
needs of the financing alternative selected. Activities directed
towards these are included in the Phase 2 work scope.

•  Purchased Power Agreement

In the city of Moorhead there is another major issue that has
to be resolved that concerns the contract with the Missouri Basin
Power Agency. In order to assure the proper plant utilization and
in order to gain the cogeneration efficiencies, it will be
necessary to obtain formal written agreement or contract with the
Missouri Basin that spells out their conditions and requirements
that will assure that the Moorhead Power plant electrical output
is dispatched in a manner consistent with the cogeneration
requirement for district heating.

In Phase 2, the Missouri basin will be contacted to obtain a
plant utilization plan without district heating. Plant utiliza-
tion under district heating will be developed. The differences

will be presented to the Missouri Basin Power Agency to identify
approaches that allow plant utilization in accordance with the

district heating requirements. The economic impact of these
approaches will be incorporated in the economic analysis.
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