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AN ECONOMIC EVALUATION OF END-USER CONSERVATION MEASURES
APPLIED TO A PROPOSED DISTRICT HEATING SYSTEM

ABSTRACT

This study examines the economic implications of applying end-user
conservation measures to buildings that are served by a proposed
distriet heating system in the Minneapolis-St. Paul area. End-user con-
servation is a demand-side conservation strategy typified by changes in
building operating procedures and changes in the bullding shell.
District heating with cogeneration is a supply-side conservation method
that allows scarce fossil fuels to be more efficiently converted into
thermal and electrical energy. Technically, these two conservation
methods can be applied simultaneously to a densely populated urban area
such as Minneapolis-St. Paul, but the implementation of one tends to
reduce the economic feasibility of the other. This analysis suggests
that bullding conservation measures will be difficult to justify econom—

ically 1in builldings that are connected to the proposed Minneapolis-5t.
Paul system.




CHAPTER I

AN ECONOMIC EVALUATION OF END-USER
CONSERVATION MEASURES APPLIED TO BUILDINGS
SERVED BY A PROPOSED DISTRICT HEATING SYSTEM

Executive Overview

Rapid escalation of fuel prices and threatened national security
because of extensive dependency on foreign oil make the conservation of
energy important in every sector of the economy. One area with signifi-
cant potential for energy conservation i{s space and water heating in
buildings, which are responsible for about 20¥% of the total U.S. energy
demand. Approximately 90X of this energy is supplied by oil and natural
gas (9).

Conservation of the energy used for space heating and water heating
requirements can be realized in two ways. The first one is end-user
conservation brought about by reducing the thermal demands of buildings
through improved shell characteristics and energy systems or modifiad
operating schedules. This represents a demand-side conservation
strategy. Conservation can also be effected from the supply side by
using more efficient methods of converting fuel energy into heat such as
through districet heating with cogeneration.

Even though these two basic conservation approaches are not tech-
nically mutually exclusive and can be applied simultaneously, the imple-
mentation of one tends to reduce the economic attractiveness of the
other. The more expensive the supply of energy is, the more economical
the end-user conservation measures become. On the other hand, district
heating is more economical in geographical areas with higher heat den-
sities because it is an extremely capital Intensive option, and higher
heat density provides better utilization of this expensive system. End-
user conservation results In reduced heat density and reduced utiliza-
tion of the district heating system.

This study examines the economic attractiveness of reducing the
heating loads of bufldings served by a cogeneration/district heating
system by improving the building shell characteristics. The results
show that there are no substantial economic benefits from further
reducing the heating loads by shell improvements If the buildings are
connected to a district heating svstem. The results wers obtalned from
data that apply specifically te Minneapolis-St. Paul, Minnesota, but the
authors judge that the qualitative results can be generalized to other
locations. Both the shell improvements and district heating are econom
ically attractive when applied separately. The reason that the shell
improvements are not attractive when applied to builldings served by
district heating is that the costs of district heating are dominated by
fixed capital charges; these costs are not significantly reduced when
the heat load is reduced, so there is little savings to offset the costs
of the shell improvements.



CHAPTER 2

INTRODUCTION AND BACKGROUND

L. Intraductiog

The objective of this study Is to evaluate the economic attractive-
ness of applying end-user energy conservation measures, as defined
below, to buildings served by a hypothetical district heating system
proposed for the urban Minneapolis-5t. Paul area (Ref. 8). Different
levels of end-user conservation measures are assumed to be implemented
for three building types at various times during development of the
district heating system. A model for calculating the present-worth of
costs for each scenarlo is developed. Present worths are then deter-
mined for selected parameters of interest and conclusions are made
regarding the feasibility of implementing end-use conservation measures
in a setting where an economically viable district heating system will
be built. The remainder of this chapter provides background information
and sources of data for end-user conservation and district heating.

I1I. End-User Conservation

A. Background

End-user conservation involves the reduction of energy demand of
buildings by applying various conservation measures which can be put
into three general categories (7):

1. Change in building use and operating procedures.

The most common example in this category are thermostat setback,
reduced ventilation, and reduced lighting. Application of these
measures requires little investment, and the measures are highly
effective in reducing energy demand. However, they may require some
changes in the accustomed comfort level and the 1life styles of the
building users. This type of conservation measure can best be
applied to commercial buildings, where they are becoming quite
popular as fuel prices continue to rise.

2. Change in energy systems and equipment.

This category of energy conservation measures involves improvements
to the heating, ventilating and alr conditioning svstems in
buildings. The measures are applied primarily to commercial and
multi-family buildings; examples include recovery of chiller waste
heat, elimination of reheat, and thermal energy storage systems.



3. Change in the building shell.

These measures invelve change in the building itself. Some common
examples are sealing and caulking, addition of insulation, storm
doors, dual-paned windows, and reducing window areas. The
implementation of these measures is costly, but it requires vir-

tually no change in the comfort level or the life style of building
users.

In this study, only the third type of single bullding measures,
changes in the building shell, are considered. The use of district
heating implies that there would be no conventional heating systems in
the buildings to lmprove, and we reject the use of conservation measures
that require lifestyle changes as second-best measure if efficiency
improvements that require no such changes are available at an attractive
cost.

The cost of implementing the conservation measures depends on
whether they are being incorporated during the construction of a new
building or are being applied in retrofitting an existing building.
Application of conservation measures is more difficult and costly for
retrofitting existing buildings. To simplify this analysis, the
building stock in the Minneapolis-5t. Paul area is assumed to remain
constant during the study peried. Therefore, only retrofir conservation
measures are considered.

The cost of conservation also varies according to the building type
upon which it is being implemented. In this regard, buildings are
classified into three general categories: commerclal buildings, multi-
family buildings and single famlly residences.

In this report, only moderate levels of conservation (5% and 10%
energy savings) are considered so that an existlng computer model could
be utilized in analyzing the district heating system. A significantly
different system design would be required for higher conservation levels
(e.g., 30%), thus necessitating the construction of a completely new
computer model. Moderate levels of conservation do not have a large
enough impact on the heat load to necessitate the redesign of the
district heating system.

Conservation measures evaluated in this report should reduce the
cooling load in all building types. This omission has a more substan-
tial effect on multifamily and commercial buildings (8). The cooling
component of total energy demand has been ignored, which makes conser-
vation look less attractive in all cases considered.

B. Available Data Sources Regarding End-User Conservation.

Commercial Buildings: Three reports dealing with energy conser-
vation in commerclal buildings were considered for possible use for this
study. They are an ORNL report by W. S. Johnson and F. E. Pierce (4),
an article written by Eric Hirst (2), and a Mellon Institute report hy




R. W, Sant and S. C. Carhart (8). Conservation measures considered in
the first two references include the types that require changes in the
operating procedures of commercial buildings. Shell changes considerad
in these two reports are applied only in combination with operational
changes, and the effects of shell changes are difficult to isolate.
Only the Mellon Institute report presented information about shell
changes In such a way as to be useful for this study.

Multi-family Buildings: The Mellon Institute report (8) dealt with
conservation In multi-family buildings and was used as the principal
source of data in this study.

Single-family Houses: Available data sources regarding conser-
vation measures applied to single family houses include a report on the
Bowman house in Washington, D.C. by R. H. Williams and M. H. Ross (9),
an ORNL report by P. R. Hutchins and Eric Hirst (3) and the Msllon
Institute report by R. W. Sant and S. C, Carhart (8).

Results given Iin Ref. 3 apply to new construction, not to the
retrofitting of existing houses. Although the Bowman house and Mellon
Institute reports were found applicabhle for this project, data con-
sistency between them is poor. For instance, the cost of conservation
given in the Bowman house report is considerably lower than the cost
given in the Mellon Institute report.

An examination of the above reports showed that only the Mellon
Institute study provides consistent data for all three building types.
Other reports concentrate on a single building type. Also, the types of
conservation measures considered in the present report and the climatic
characteristics of the Minneapolis-St. Paul area most closely matched
those used for the analyses in the Mellon report. Consequently, data
provided by the Mellon report were used for all buillding types in the
present study. However, the conservation costs from the Mellon report
tend to be high compared to costs from other sources.

C. Discussion of the Mellon Institute Report (Ref. B).

The Mellon Institute report provides reasonably detailed data on how
the energy demand of buildings is affected by end-user conservation
measures and how much it costs to implement these measures. The Mellon
report divides the country into four climatic reglons: WNorth East,
North Central, South and West. For this project, data developed for the
North Central reglon were utilized. The climatic characteristics of
Detrolt, Michigan were chosen as representative of the North Central
region. Adjustments were made in the heating loads used for the Mellon
study to account for the fact that Minneapolis-5t. Paul is colder than
Detroit. The Detroit heating loads were multiplied by the ratio of
heating degree daye in Minneapolis-St. Paul to those in Detroit to
obtain estimates of building heating loads in Minneapolis-St. Paul.

The cost of conservation {s given in 1975 dollars In the Mellon
Institute report. These costs were eéscalated with a 10% per vear rate
to 1980 dollars to correspond to the beginning of the 20-year study
period in this analysis.



The Mellon Institute report divides commercial buildings into five
classes: offices and banks, retall stores, schools, hospitals, and
others. It provides data for existing floor areas of each building type
in the North Central region and relationships between energy use and con-
servation capital cost for each building type. An overall average rela-
tionship between the energy used Iin commercfal buildings and the amount
of money invested in conservation measures was developed by calculating
a weighted average over all five commercial building types. Results are
shown in Figure | along with similar results for single-family and
multi-family residential buildings. They constitute a primary source of
data for this report. A base load of 100%Z is shown in Fig., 1 when no
Investment in conservation has been made. As money 1s spent on conser-—
vation measures, the reduction in heating load is indicated.

Multi-family buildings were divided into two categories: low-rise
and high-rise multi-family bulldings. The data given for these two
building types were averaged to obtaln the results shown fn Figure 1.

Single family residences are not subdivided further in the Mellon

Institute report. Therefore the data provided for them, shown in Figure
1, were directly used in this project.

1II. District Heating

A. Background

District heating is the central generation of thermal energy at
one or more heat sources and the distribution of that energy to commer-
cial and residential buildings for space heating and water heating pur-
poses by a hot water or steam pipeline. Fipure 2 illustrates the
operation of a district heating system (1). The system is comprised of
three subsystems: (a) the thermal energy source, (b) the transport
and distribution system and (c) the consumer heat exchange systems.

The primary energy source for a new district heating system is
likely to be a cogeneration plant that produces electricity and thermal
energy.* Many existing power plants can be modified for cogeneration at
a relatively low capital cost of $20 to $530/kW. (1). The incremental
cost of incorporating cogeneration in a new power plant Is even less.

There are two basic cogeneration methods. The first one is called
the back pressure method. The condenser is replaced with a district
water heater which recovers most of the thermal energy normally re jected
to the environment. The second method extracts steam from the crossover
between the high pressure and low pressure turbine units. This steam is
supplied directly to a district water heater. Although the electricity

*Many district heating systems in the U.S. presently rely on heat only
boilers, but the economies strongly favor cogeneration for new systems.
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generating efficiency of a power plant is reduced with cogeneration, the
overall thermal efficlency is improved greatly. A power plant is
roughly 33 percent efficlent when producing electricity only. When it
is modified for cogeneration, its electricity generating efficlency
falls to around 25%, but it works with a combined efficiency of approxi-
mately 80% (5). Generally, for each unit of electricity sacrificed, 5
to 10 units of thermal energy are recovered. Because of this increase
in energy efficiency, we call district heating with a cogeneration heat
source a supply-side conservation measures.

Cogeneration plants usually comprise the baseload energy source for
a district heating system, and the peak load requirements are supplied
by heat-only bollers due to thelr low capital costs. Peak load capaci-
ties typically correspond to about 50% of the total capacity, but they
supply only about 10X of the annual heat load.

The thermal energy produced in the central heat source is
transported to the district heating areas and distributed to customers
with a network of underground pipes. The transmissfion and distribution
network Is the most expensive component of a district heating system.
It represents about 55% of the total capital cost (1).

Thermal energy from the district heating distribution system is then
supplied to customers through heat exchangers usually owned by the
customers. Thermal energy is transferred in the heat exchangers to hot
water that circulates through the customer's secondary heating system.
This secondary heating system may consist of two subsystems: one for
space heating and one for water heating. Each has {ts own heat
exchanger.

The most important advantage of a district heating system based on
cogeneration is that it provides thermal energy less expensively than
conventional systems because most of its energy comes from sources that
otherwise would be wasted. Also, by using central heat sources: fuels
that are more abundant and cheaper than petroleum (e.g., coal, uranfum)
can be used. New buildings can be connected to a district heating
system with a lower capital cost than the cost of installing individual
boilers, and more useful floor area is made avallable because a boiler
room is not needed. Additionally, the cost of maintalning the in-
building heat exchangers is lower than the cost of maintaining bollers.

Data used in this study for the district heating application are
obtained from the Studsvik report (6), which provides a thorough
discussion of the design and economic analysis of a district heating
system designed for the Minneapolis-S5t. Paul area.

B. Discussion of the Studsvik Report

The Minneapolis-St. Paul area has a high population density and a
cold climate with over 4600 Celsius-degree heating days (8300 °F days)
per year. These factors, comblned with availabllity of nearhy coal-
fired power plants that can be converted to cogeneration units make the
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area suitable for a district heating system. The Studsvik report
proposes for the Minneapolis—5t. Paul area a district heating system
that develops over a 20-year period.

Two scenarios are conslidered in the Studsvik report. Scenario A
covers the downtown and high density commercial and residential
districts. Scenario B extends to a larger area including medium density
residential districts, 1In this study, only the system considered in sce-
nario A is evaluated. Scenario A divides the Minneapolis-5t. Paul area
into 33 districts, 17 of which are in Minneapolis and 16 are in St.
Paul. The heat demand of each district is estimated primarily from
historical records of natural gas consumption. The estimated total
thermal demand for the area considered in Scenario A is 2600 MW.. This
demand is assumed to remain constant over the 20-year development
period. Moreover, the period of time that the district heating system
is utilized after the development period is assumed to be Indefinitely
long.

The base load is supplied by cogeneration plants that provide about
half the total peak load capacity but nearly 90 percent of the annual
heat load. The remaining half of the peak load capacity requirements
are supplied by oll-fired heat-only bollers.

The total connected capaclty of this proposed system at the end of
the 20-year development period is 3044 MW, including backup capacity for
the largest unit in the system. The capacity is Increased to this level
over 20 years according to a proposed connection schedule for each
district.

Estimates of the cost components of this system are mainly based on
local data sources and Swedish experience with similar conditions. The
total investment cost of scenarioc A is estimated to be $625 million (in
1978 dollars). Components of this estimated cost are as follows:

Investment (§ x 106)

Cogeneration Plants 55
Peak load bollers 1)
Hot water transport 104
Hot water distribution 274
Building conversion _126

TOTAL 5625

In the economlc analysis of this system, two types of financing are
considered in the Studsvik report. They are municipal utility financing
and private utility financing. For the present report, only munlcipal
financing is considered. Based on conditions in 1978, a combined (i.e.,
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marketplace) interest rate of 6.5 percent {5 used in the Studsvik
repart. This interest, or discount, rate includes a 4 percent allowance
for inflation and provides a real, or inflation-free, return to
investors of approximately 2.5%. All capital costs are levelized over
20 years with the 6.5 percent interest rate and are charged against the
district heating system as yearly revenue requirements. The yearly
estimated operating costs are composed of the fuel costs for the base-

load plants and peak-load boilers and the operating and maintenance
costs.

The economiec analysis in the Studsvik report shows that the district
heating system pavs for itself and accumulates a net present worth of
183 million dollars (1978 dollars) over the 20-year development period
under municipal financing. This assumes that the system charges a rate
for the sale of heat that is 10% less than the cheapest alternative.

The projected results also show that implementation of this district
heating system in the scenario A area would result in an oil savings of
0.30 exajoules (49 million barrels) over the 20-year development period.
After correction for extra coal consumption of 0.11 exajoules, the net
savings in energy is 0.19 exajoules.

The present study makes use of most of the key assumptions and con-
ditions of the original Studsvik study. A 6.5 percent interest rate is
also utilized, which appears to be cutdated in terms of 1981 interest
rates. However, if a real Interest rate of approximately 2.5% is
realistic, economic study results in today's marketplace would not
change appreciably if higher interest rates (e.g., 12% combined, 9.5%
inflation) had been employved in the original study. For this reasen,
the revenue requirements of the Studsvik study are believed to reflect
adequately the cost of capital in real terms to the municipal financing
authoritcy.



CHAPTER 3

ANALYSIS OF END-USER CONSERVATION MEASURES APPLIED TO A
PROPOSED DISTRICT HEATIRG SYSTEM IN MINNEAPOLIS-ST. PAUL

I. Introduction

The problem under consideration is to determine the costs and rela-
tive economic attractiveness of four options for supplying the heat
demand of urban Minneapolis-St. Paul. The alternatives being investi-
gated are:

1. Conventlonal gas— and oll-fired heating systems without
end-user conservation. I

2. Conventional heating systems with end-user conservation.

3. Distriet heating without end-user conservation.

4., District heating with end-user conservation.

Of particular interest In this study is the fourth alternative.

It should be recalled that end-user conservation, as defined here,
is the application of building shell modifications to an existing/
planned stock of commercial and residential bulldings in a fixed
geographic reglfon.

I1. Methodology

The maximum 2600 MW, heat load has been divided among three types of
buildings:

l. Commercial (900 MW,)
2. Multi-family (1290 Hﬂt]
3. Single-family (410 MW.)

This breakout was mainly based on the descriptions of subdistricts pro-
vided in the Studsvik report because no other source of information
regarding the relative amounts of three building types in the study area
was available. First, an assumptlon was made regarding the percentage
of a given district's total heat load for each building type according
to the description of that district. Then, by using these assumed
percentages, the total heat load of the district was divided among the
three bullding types. The total load for a given building type in the
entire study area was determined by summing all the districts' heat
loads for that bullding type.
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When the district heating system is implemented, the connection of
the entire 2600 MW load is assumed to take 20 years. Therefore, in a
given year only a fraction of the total load is served with distriet
heating and the remainder of the heat load is served with conventional
systems, which are fueled by oil and natural gas.

Thus, for a given year N these relationships apply:

Xp(N) - gives the commercial load served hy the district
heating system.

Xy(N) = gives the multi-family load served by district
heating.

Xg(N) - glves the single family load served by district
heating.

YC(H} = 900 - X.(N) is the commercial load not connected
to district heating.

Yy (N) = 1290 - Xu(N) is the mulci-family load not connected
to district heating.

Yg(N) = 410 - Xg(N) is the single family load not connected
to district heating.

When only end-user conservation is considered, it is assumed to be
implemented at a constant rate. The implementation rate is denoted by
IR. For example, 1f IR = 5% then 5% of all buildings apply conservation
measures in the first year. In the second year, another 5% adopt
conservation, bringing the total to 10%. At the end of 20 years all
buildings have adopted end-user conservation measures.

The conservation level is identified as CL. For instance, 4 5% con=
servation level means that the total annual heat load is reduced by 5%
because of the effectiveness of the end-user conservation measures.

In the fourth alternative listed earlier, distriet heating and end-
user conservation are applied together, and the following definitions

apply:

Ec(N) - is the commercial load connected to district
heating in year N.

Ey(N) = is the multi-family load connected to district
heating 1n year N.

Eg(N) - is the single family load connected to district
heating in year N.

Fg(N) = is the commercial load not connected to district
heat ing.
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Fy(N) - is the multi-family load not connected to district
heating.

Fg(N) - is the single family load not connected to district
heating.

The relationship between the heat loads with and without conser-
vation is as follows:

Ep(N) = Xo(N) - Xo(N) x CL x IR x N
EM(N) = Xy(N) - Xyq(N) x CL x IR x N
Eg(N) = Xg(N) — Xg(N) x CL x IR x N
Fo(N) = Yo(N) = Yo(N) x €L x IR x N
Fy(R) = Yq(N) = Yy(N) x CL x TR x N
Fg(N) = ¥Y5(N) - Yg(N) x CL x IR x N

The measure of economic attractiveness in this study is the total
present worth of costs at an interest rate of 6.5% [6]. The con-
figuration that minimizes the present worth of the cost is the preferred
choice. Total present worths of supplying the 2600-MW heat load over 20
vears for the four alternatives are computed as follows.

l. Conventional Heating Systems

For this option, no capital investment is invalved. The demand is
served with existing individual building heating systems.

Rout(N) is the cost of one MW-Hr. of heat supplied by existing
systems in year N [6].

LD = annual heat load divided by peak heating capacity
LD = 2465 hours/vear
1 = 0.065 1s the discount rate (decimal)
Then, the total annual cost of this alternative in year N is
A(N) = [Xg(N) + Eyq(N) + Xg(N) + Yo(N) + ¥y(N) + Yg(N)] x LD x Ry,p(N)
= 2600MW x LD x R, (N)

The total present worth of costs over 20 vears 1s computed with this
expression:

20
TEWC = £ A(N)/(1 + )N
N=1
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Annual costs for commercial, multi-family and single family buildings
are as follows:

Ac(N) = (900 MW) x LD x Rgoyue(N)
Ay(N) = (1290 MW) x LD x Ryue(N)
Ag(N) = (410 MW) x LD x Ry, (N)
2. Conventional Systems with End-User Conservation

This option requires investments in various conservation measures.
To estimate the cost of end-user conservation, total floor space within
the boundaries of the study reglon for each building type was needed.
These estimates were obtained in the following manner. The Mellon
Institute report provides data on annual heat loads per unit of floor
area of typlcal commercial, multi-family and single family buildings.
However, the data provided by this report are for Detroit, Michigan,
which has an annual heating season averaging 3400 Celsius (6200
Fahrenheit) degree-days. The Minneapolis-St. Paul area has an average
heating season of 4600 Celsius (8300 Fahrenheit) degree days (3). By
assuming that the annual heat load is proportional to the heating degree
days, data for the annual heat load per unit area of each building type
in Detroit are corrected for Minneapolis-5t. Paul area. Then, the total
annual heat load for a given building type within the study region is
divided by the annual heat load per unit area of that building tvpe to
obtain an estimate of the total floor space for that building type.

F5¢ is the total commercial floor space
FSy is the total multi-family floor space
F5g is the total single family floor space

By applying the above procedure, estimated amounts of floor space are as
follows:

FSc = 20.9 x 106 n?
FSy = 12.4 x 106 n2
FSg = 3.9 x 100 m?

Bacause the study period is 20 years, the economic returns on end-
user conservation measures are terminated at this time even though
measures implemented after the first year have useful lives remaining.
For example, if a conservation measure 1s implemented at the beglinning
of year 15, only six years of returns from year 15 through year 20 are
considered. Actually, a conservation measure {implemented in year 15
would have a useful life extending beyond year 20. To correct this
situation and obtain more realistic results, the following approach is
used. First, useful lives of all conservation measures are assumed to
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be 20 years. Then, the actual cost of implementing a conservation
measure is multiplied by the number of years the return on it is con-
sidered and divided by its useful 1ife of 20 years. This prorated cost

is regarded as the approximate cost of implementing the conservation
measure.

Costs of conservation measures adopted in year N for commercial,
multi-family and single family buildings are, respectively:

CC(N) = [(FSg x IR x CPFSc) (1 + £)N] x (20 - (N - 1)/20)

CCM(N) = [(FSy x IR x CPFSy) (1 + r)N] x (20 - (N - 1)/20)

CCg(N) = [(FSg x IR x CPFSg) (1 + r)N] x (20 - (N - 1)/20)
where CPFSg, CPF8y and CPFSg are the costs per m2 of building shell
changes to commercial, multi-family and single family structures. The
escalation rate is denoted by r (a decimal). An average value of 0.04

is assumed during the 20-year study period.
The total annual cost is
A(N) = [2600 - 2600 % CL x IR x N] x LD x Rout(N) + CCa(N)
+ CCy(N) + CCg(N)
The total present worth of cost over 20 years is

20
TPWC = X A(N)/(1 + i)W
N=1

Annual costs for commercial, multi-family and single family buildings
are as follows:

Ag(N) = [900 = 900 x CL x IR x N] x LD x Ryue(N) + CCo(N)

Ap(N) = [1290 - 1290 x CL x IR x N] x LD x Ry, (N) + CCy(N)

Ag(N) = [410 = 410 x CL x IR x N] x LD x Rgye(N) + CCg(N)
3. District Heating Without End-User Conservation

The Studsvik report [6] estimates all capital costs required for
district heating. These capital costs are given as the carrying charge
component of levelized revenue requirements over 20 years. RRDH(N) is
the revenue requirement of district heating in year N. The total reve-
nue requirement in year N is divided into three portions, one for each
building type, according to the connected load of each building type in
that year. This division, which assumes a linear relationship between
the capital cost and the connected heat load, favors the multi-family
and single family buildings because the investment per MW of connected
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commercial building load i1s actually lower than for multi-family and
single family buildings. However, the lnvestment cost of the district
heating system is assumed to remain the same for moderate levels of end-
user conservation so that this cost component affects the magnitude of
the results but not their behavior.

RRDHp(N) is the revenue requirement in year N for commercial
buildings.

RRDHy(N) is the revenue requirement in year N for multi-family
buildings.

RRDHg(N) is the revenue requirement in year N for single-family
buildings.

The Studsvik report also gives the total maintenance cost of
district heating for every vear. M(N) is the maintenance cost of
district heating in year N. The maintenance cost is also divided among
the three building types according to the connected load of each:
Me(N), My(N) and Mg(N), respectively.

The district heating system has heat losses from its transmission
and distribution plpelines. Therefore, the actual amount of heat pro-
duced by the system sach year is higher than the annual heat consumed.
L{N) 1s the average heat loss rate in MW in year N. The annual heat
loss is given as L(N) times B760, the total number of hours in a year.
The heat loss is divided among the three building types according to the
connected load of each as Lg(N), Ly(N) and Lg(N), respectively.

Opy(N) is the operating cost of district heating per MW-Hr. of heat

produced in vear N, Therefore, the total annual cost of the district
heating system is given as:

A(N) = [(Xc(N) + Xy(N) + Xg(N)) = LD + L(N) x 8760] x Opy(N)
+ [Yo(N) + Yn(N) + Yg(N)] x LD x Rgue(N)
+ RRDH(N) + M(N)
The present worth of total cost over 20 years is
20
TPWC = Nfl AN /(1 + £)N

Yearly costs allocated to commercial, multi-family and single family
buildings are as follows:
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Ac(N) = [Kc(N] x LD + LC[H] x 8760] x Opu(N) + YE{H}
x LD x Ry,p(N) + RRDHG(N) + Mo(N)
AM(R) = [Xq(N) x LD + Ly(N) x 8760] x Opu(N) + ¥Yy(N)
x LD X Ryye(N) + RRDHy(N) + My(N)
Ag(N) = [Xg(N) x LD Lg(N) x 8760] x Opy(N) + Yg(N)
x LD x Ry, (N) + RRDHg(N) + Mg(N)
4. Distriet Heating with End-User Conservation
For moderate levels of conservation such as 5% and 10%, it is
assumed that the district heating system design remains unchanged from
the Studsvik design. Therefore, the capital charges and the maintenance
cost of the system are assumed not to change. The operating cost per
MW-Hr. of heat produced [Opy(N)] and the heat losses are assumed to
remaln constant, but, because less heat i{s produced in a given year when
conservation measures are added, the total yearly operating cost is
lower.
The total annual cost 1is
A(N) = [(Eg(N) + Ey(N) + Eg(N) x LD + L(N) x 8760] x Opy(N)
+ [Fo(N) + Fy(N) + Fg(N)] x LD x Ryue(N)
+ RRDH(N)
+ M(N)
+ CCo(N) + CCu(N) + CCg(N)
Total present worth of cost over 20 vears ls
20
TPWNC = T A(N)/(1 + 1)N
N=1

Annual costs for commercial, multi-family and single family buildings
are estimated as follows:

Ac(N) = [Eg(N) x LD + Lg(N) x 8760] x Opy(N) + Fg(N) x LD
x Roue(N) + RRDHg(N) + Mo(N) + CCo(N)
Ay(N) = [Ey(N) x LD + Ly(N) x B760] x Opy(N) + Fy(N) x LD

% Roue(N) + RRDE(N) + My(N) + CCu(N)
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Ag(N) = [Eg(N) x LD + Lg(N) x 8760] x Opgp(N) + Fg(N) x LD
® Boue(N) + RRDHg(N) + Mg(N) + CCg(N)
All of these calculations were performed with a computer model that was

developed for this study. The program listing 1s included in the
Appendix.

I1I. Economic Results with Moderate Levels of Conservation (5% and 10X)

Figure 3 compares the alternatives of district heating only and
district heating with conservation. The implementation rate for conser-
vation in Figure 3 is 5% a year. From Figure 3 it can be seen that the
present worth of total cost is insensitive to the level of end-user
conservation. A more preclse display of the results plotted in Figure 3
is given in Table 1. There, one sees that the present worth of costs is
lower with conservation, but the reductions are only 0.2% with a 5%
level of conservation and 0.1% with a 10¥ level. The basic conclusion
that can be drawn from these data is that there {s no strong economic
incentive for implementation of end-user conservation measures if the
district heating system has already been constructed.

Table l. TOTAL PRESENT WORTH OF COSTS OVER 20-YEAR
STUDY PERIOD OF SUPPLYING HEAT FOR THE CASE OF DISTRICT
HEATING WITH CONSERVATION (X10® 1980 DOLLARS)

Conservation Level (%)

ke - & e

Commercial Bulldings 527 533 542
Multifamily Buildings 756 751 747
Single Family Buildings _269 _ 265 _262
TOTAL 1552 1549 1551

Figure 3 and Table | also show the behavior of three components of
total cost (commercial, multi-family and single family). The costs for
multi-family and single family buildings decrease with conservation,
indicating the desirability of the combination of conservation and
district heating for them. However, the percentage reductions of the
costs are still very low (between 1% and 3%). From the behavior of the
data for multi-family and single buildings, it appears that their
heating costs would decrease further with higher levels of conservation,
but at a slowing rate. The present-worth of heating costs for commer-
cial buildings increases with conservation, indicating that implementing
conservation in combination with district heating is uneconomical.
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Fig. 3. Change in the present worth of the cost of providing heating
services as conservation measures are added to buildings served by a
district heating system (1980 dollars). Costs include capital and fuel
costs over the time perfod 1981-2000 discounted back to 1980.
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The present-worth of total costs 1s insensitive to the level of end-
user conservation because the savings from single—family and multi-
famlly dwelling units are offset by cost increases for commercial
buildings. Even though present worth for the "commercial” curve s
relatively insensitive to changes in conservation level, the cost for
commerclal buildings would rise at an inereasing rate with higher levels
of conservation.

There are four basic reasons that commercial buildings appear to be
economically unattractive targets for end-user conservation measures if
they are connected to the Minneapolis-St. Paul district heating system:

1. The cost of end-user conservation for commercial buildings is higher
than for multi-family and single family buildings for a given level
of conservation.

2. The annual heat demand per unit area of a commercial building is
much lower than the heat demand per unit area of multi-family and
single family buildings. Therefore, for a given level of conser-
vation, a smaller amount of energy is saved per unit area of commer-
cial building relative to multi-family and single family buildings.

3. The district heating system initially serves buildings in the densely
populated downtown areas, which malnly consist of commerclal
bufldings. Therefore, a large number of commercial buildings are
connected to the distriet heating system during the early phases of
the project. Conservation for buildings connected to district
heating is less attractive than for buildings not connected because
fixed costs dominate district heating costs, and these are assumed
not to be reduced for the modest levels of conservation we have
considered. For a building that is not connected to a district
heating system, however, fuel costs dominate over capital costs, and
fuel costs are assumed to decrease in proportion to the conservation
level. Thus, the same conservation measure results in lower savings
with district heating compared to conventional systems.

Figure 4 shows the present worth of total cost for all alternatives

4. Mo credit Is taken for reductions In the cooling lead that would
result from the assumed conservation measures. If a credit were
taken, end-user conservation in commerclal builldings (and other
buildings to a lesser extent) would be more attractive economlcally.

Figure 4 shows the present worth of total cost for all alternatives
with moderate levels of conservation (5% and 10%). The implementation
rate is again 5X per year. An Immediate conclusion that can be drawn
from Figure 4 is that doing something is always better than doing
nothing. Without the district heating system, end-user conservation
looks attractive. Total cost is decreased as the conservation level is
increased. However, the trend in Figure 4 suggests that the {(nitial
decline in total cost will level out for higher levels of conservation.
A close examination of the components of the total cost shows that the
decrease in the present worth of cost with Increased levels of conser-
vation decreases more slowly for commerclial buildings than for the other
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types of buildings. Thus conservation to reduce the heating load 1is
most diffiecult to justify in commercial buildings even in the absence of
district heating.

Figure 4 also shows the relative attractiveness of district heating
and end-user conservation. With district heating, the present worth of
cost is decreased considerably from the cost when a conventional heating
system is used. However, the purpose of this figure 1s not to compare
the conservation-only alternative and the district heating alternative.
In order to make such a comparison properly, results for higher levels
of conservation are required. The objective here {s to compare the
sensitivity of total cost to end-user conservation with and without
district heating. It i{s apparent that without district heating, end-
user conservation is cost-effective. However, under our assumptions,
there is little incentive to adopt conservation measures in buildings
once a district heating system has been installed. That is because
fixed costs dominate the total cost of heat from district heating, and
we assumed at the outset that these would not be reduced as a result of
conservation (i.e., the system design is held constant).

Faster implementation rates of end-user conservation result in
earlier converslons of the entire building stock to the conservation
strategy. For example, at a rate of 10% year, all buildings have
adopted end-user conservation measures by the end of year 10. Earlier
conversions to these conservation measures produce a longer period of
energy savings obtalned from them. However, earlier conversions also
concentrate capital investments in the early years of the 20-year study
period. Effects of implementation rate on the total present-worth of
cost for the case of district heating with conservation are shown in
Figure 5. High implementation rates lower the total cost. The higher
the implementation rate, the lower the total cost becomes. But the rate
of cost reduction decreases as the conservation implementation rate
increases. The conclusion that could be drawn from Figure 5 is that it
is better to implement end-user conservation measures as soon as
possible and to start obtaining the savings on them early in the
project's life. It must be noted, however, that the reduction in total
cost is very low. Figure 5 also indicates that total present worth of
cost at the 10X level of conservation is always higher than the total
cost at the 5% level.

Effects of implementation rate for the conservation-only alternative
are shown In Figure 6. The results are consistent with what one might
expect in that the higher the implementation rate, the lower the total
present-warth of cost. However, the rate of reduction decreases as the
implementation rate Increases.
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CHAPTER 4

SENSITIVITY OF TOTAL COSTS TO TIMING
OF END-USER CONSERVATION INVESTMENTS

I. Introduction

The economic attractiveness of end-user conservation measures
depends primarily on two factors:

l. The year in which the conservation measure is implemented.

When the effects of {mplementation rate on tetal present—-worth ¢
cost were discussed in the previous section, 1t was shown that the t
cost decreases with higher implementation rates.

2. Year of connection to the district heating system.

The money that would be saved on conserved energy is much lower
a building is connected to district heating compared to when it is n
connected and instead utilizes conventional fuels. Therefore, the
sooner the connection time to the district heating system, the less
nomical 1s the conservation measure.

The purpose of this chapter is to gquantify the effects of chang
these parameters on the total present-worth of the heating bill ove
20-year study period.

II. Hathndnlngr

The economic effects of changes in conservation implementation
timing are examined by using a single square meter approach. That
calculations are based on one square meter of each building type.
mentioned in the previous chapters, the capltal cost and maintenanc
cost of the district heating system are assumed to remain the same
moderate levels of end-user conservation. Two cost components that
affected by end-user conservation are the annual operating costs an
investment required to implement the conservation measures. In thi
chapter, we calculate, for each building type, the sum of these two
costs per square meter of building area as a function of the year if
which the end-user conservation is {mplemented relative to the year
which construction of the distriet heating system begins. The year
gives the minimum sum is the economically optimum year to install er
user conservation measures In that building type.

Definitions of factors utilized in the analysis are given belowj

D is the heat demand for one mZ of a building in MW.

f

oltal

Hter
sl

ego-T

s in
the

the

that
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CL is the conservation level considered.

€C is the cost of implementing conservation for one m2 at that
level.

Nl is the year at which the building is connected to the district
heating system.

N2 is the year at which the conservation measures are implemented.

L(N) is the heat loss of the district heating system per MW of
connected load for year W. It is obtained by dividing the total
heat loss by the total connected load for each year.

Then the annual heat demand for year N, U(N), for one m? is given as
follows:

U(N) = D x LD for N < N2
U(N) = (D - D x CL) x LD for N > N2
Consequently, the annual operating cost 1s as follows:
Y(N) = [U(N) + L(N) x D x 8760] x Opg(N) for N > Nl
= U(N) x Rgyue (W) for N < N1

Again, Opy(N) is the operating cost of district heating per MW-Hr. of
heat supplied In year N, and Ry, p(N) is the price of one MW-Hr. of heat
if not connected to district heating.

Capital and maintenance costs of the district heating system are
apain assumed to be constant. The cost of conservation is as follows:

C= [CCx (1 +r)¥2] x [(20 - (N2 - 1))/20] where r is the inflation
rate expressed as a decimal. Then the total present worth of supplying
the heat demand of one m? over 20 years is

20
TRWC = £ Y(N)/(1 + DN + ¢c/(1 + 1)N2
N1

ITI. Results

Figures 7, 8, and 9 present the results obtained for commercial,
multi-family and single family buildings, respectively, which are con-
nected to the district heating system in year 10, Curves for both 5%
and 10X levels of conservation are shown. Although the results shown
assume a specific vear (i.e., vear 10) of connection to the district
heating system, the conclusions that can be drawn from these figures can



29

ORNL-DWG 82-B269R

198\"""""]"T|"'
.
™
H‘h
19.6 - T ~~__10 % CONSERVATION b
B e
b
19.4 ~5 =
Y
b
Y
19.2 TR 5
5 % CONSERVATION .

19.0 -

18,8 k_ _ BASE CASE

@
o
I
|

PRESENT WORTH OF TOTAL COST (5/m?)

—
.
—
-
—
—
-—
—
-

Fig. 7. Present worth of heatlng per square meter of commerclal
buildings as a function of the year in which conservation measures are
Installed (1980 dollars). Bulldings connected to a distriet heating
system in year 10. The base case is the case with district heating
without end-user conservation in buildings.



30

ORNL-DWG 82-B270R

455 T T T

SO U S L S S I 1 O
';, BASE CASE
o —r
o 4 51 e o o e e o =
J
5
O 447 -
%lﬁ
od

.:E"‘E 443 o
g 439 2
1..-
Z
2435 —
Wl
a

43|ll|lll|lllllllllll

| 4 8 12 16 20

Fig. 8. Present worth of heating cost per square meter of mulei-family
buildings as a function of the year in which conservation measures are
installed (1980 dollars). Building is connected to a district heating
system in year 10. The base case is the case with district heating
without end-user conservation in buildings.



31

ORNL-DWG 82-8275R

o 4.64 S e faes o= s e ek o=t PR S BB (R ge iR PR ot
3 BASE CASE
(5] 460 = -.-‘.-;:=E.1
=4 5 % CONSERVATION % ———=—————
|
O 456 %
o -
- E 452 q

b
=
or — 7
S 448 710 % CONSERVATION =
= /’
" ’
FEJ a44 - 7 A
& ,f’

4.40 A | | | | | | | | i | | | \ | | I :
: 4 8 12 16 s

Fig. 9. Present worth of heating cost per square meter of single family
buildings as a function of the year in which conservation measures are
installed (1980 dollars). Building is connected to a district heating
system in year 10. The base case [s the case with district heating
without end-user conservation In buildings.



32

be generallzed to other connection years. Figure 7 shows that changes
in present worth are very insensitive to when the conservation measure
is implemented up to the year of connection to district heating. The
cost becomes more sensitive later on, indicating that a substantial
economic penalty is associated with Improving the shells of commercial
buildings served by distriet heating.

Figures B8 and 9 show that the comblination of conservation and
district heating results in a lower present worth than the base case of
district heating only for multi-family and single family buildings. For
these building types, conservation always pays off no matter when it is
implemented and no matter when the bufldings are connected to district
heating. However, early implementation of conservation results in
larger savings. Figures B and 9 also show that present worth is insen-
sitive to the time of conservation Implementation until the year of con-
nection to district heating, and then it becomes very insensitive, which
implies that savings get very small with district heating.

The optimum times for implementing end-user conservation measures as
a function of the year of connection to the district heating system are
listed in Table 2 for all three building types.

The unattractiveness of combined conservation and district heating
for commercial buildings is apparent from Figure 7 and Table 2.
Conservation in commerclal buildings pays off only if the building is
connected to district heating late in the project's life. Table 2 indi-
cates that conservation in a commerclal building pays off If the
building Lls connected to district heating after year 16 for a 5% level
of conservation and after vear 18 for the 10% level. The present-worth
of cost as a function of the year conservation is installed for a com-
mercial building that is connected to district heating in year 18 is
presented in Figure 10. For this case of connection to district heating
in yvear 18, the total costs curve for 10% conservation (and 5% for that
matter) dips below the baseline curve (no conservation). This is quite
different from Figure 7 which is for connection to district heating in
year 10. In that case, the total cost curves with conservation never
dip below the baseline curve, indicating that conservation is never
attractive. As indicated in Table 2, for multi-family and single family
buildings the optimum year of connection to district heating is year
One.
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Table 2. OPTIMUM YEAR FOR CONSERVATION IMPLEMENTATION

Year of
Connection
to District Commerclal Molti Family Single Family
Heating System 5% Con. 10% Con. 5% Con. 10Z Con. 5% Con. 10X Con.

1 Never Never 1 11 10 11

2 Never Never 1 1 1 1

3 Never Never 1 i H 1

4 Never Never 1 1 1 1

5 Never Never 1 1 1 1

f Never Never | 1 1 |

7 Never Never | 1 1 1

B Never Never 1 1 1 1

9 Never Never 1 | 1 1

10 Never Never 1 1 1 1

3] Never Never 1 1 1 1

12 Never Never 1 1 1 1

13 Never Never 1 1 1 1

14 Never Never 1 1 1 1

15 Never Never 1 1 1 1

16 f Never 1 1 1 1

17 b Never 1 1 1 1

18 B 9 1 | 1 |

19 fi 9 1 1 | 1

20 A 9 1 i 1 |
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

The problem under consideration has been an assessment of the gdeono-
mic attractiveness of simultaneous building shell improvements to geduce

the heat load and district heating with cogeneration in the Minneap
§t. Paul reglon. 1In general it was concluded that there are no sul

olis-
stan-

tial net economic benefits from reducing the heat loads by improving the

shells of buildings connected to a district heating system. The at
tiveness of conservation would improve 1f the reductions in cooling
loads were considered in addition to the heating load reductions or
the costs of conservation measures were lower than we assumed. Of
three types of buildings investigated, two (single family and mult{
family) offered potential savings in net present-worth of costs as

trac-

1f
the

the

level of end-user conservation was increased from 5% to 10%. Howewver,

commercial bulldings exhibited just the opposite effect on costs.
Consequently, the total cost of providing heat to the entire Scenar
area was Ingensitive to changes in conservation level.

io A

Changes in the implementation rates for conservation measures pro-
duced modest reductions in the net present—worth of cost. Again, the
relative insensitivity of the cost was caused by the balancing effect of

reductions In cost for single and multi-family residences and simul|
neous increases in cost for commercial buildings.

Another part of the study was concerned with the effects of tlﬂing

of conservation Implementation on net present—worth of cost. The

ta—

ar

in which conservation should be applied to each building type to mipni-
mize costs was calculated as a function of the year in which the cofnnec-

tion to district heating occurs. It was found that conservation

measures always appear economically attractive for single and multif~

family dwellings no matter when they are connected to the district

heating system. Furthermore, earlier connection times for these types

of buildings result in larger savings. For commercial buildings it

was

discovered that conservation became attractive only when the buildipgs

were connected to the district heating system in year 16 or later.

Only two modest levels of conservation were investigated in thip

study. The question regarding the best level of conservation to pufrsue

(e.g., 30X versus 50%) was not addressed because a complete redesig
re-costing of the distriet heating system would be required. This
of effort was not possible in the present study.

It is recommended that further investigation of this problem be
undertaken by challenging many of the assumptions noted throughout
report. The effect of nonlinear implementation rates is one exampl
this; another example would involve checking the sensitivity of the
sent worth of costs to changes in the cost of conservation measures
those shown in Figure 1.

n and
level

the
g of
pre-
from
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A better data base is imperative to future studies of the district
heating and conservation interaction. It is suggested that research he
directed at systematically collecting conservation cost, building stock,
and heat load data in large U.S. cities such as Minneapolis and St.
Paul. These data would also be useful in evaluating the need for con-
servation programs and the success of any future government programs.

Finally, it is recommended that the redesign of the district heating
system be explored to determine to what extent the total costs could be
lowered by optimlzing the design of the district heating system for
lower levels of demand associated with higher levels of end-user conser-
vation than considered in this study.
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APPENDIX

COMPUTER PROGRAMS



00010
00020
00030
00040
00050
00060
00070
00080
00090
00100
00110
00120
00130
00140
00150
00160
00170
00180
00190
00200
00210
00220
00230
00240
00250
00260
00270
00280
00290
00300
00310
00320
00330
00340
00350
00360
00370
00380
00390
00400
00410
00420
00430
00440
00450
00460
00470
00480
00450
00500
00510
00520
00530
00540
00550

4

REM THIS IS THE QCOMPUTER MODEL USED TO MAKE AN ECONOMIC
REM EVALUATION OF APPLYING END-USER CONSERVATION
REM MEASURES TO A DISTRICT HEATING SYSTEM
REM IT CONTAINS TWO SEPERATE PROGRAMS WHOSE DESCRIPTIONS
REM ARE GIVEN IN THEIR CORRESPONDING SECTIONS
REM BOTH PROGRAMS MAKE USE OF THE SAME DATA STATEMENTS.
REM CASH FLOWS START IN THE YEAR 1981 AND GO THROUGH
REM THE YEAR 2000.THEREFORE, 1981 IS TAKEN AS THE YEAR 1.
REM BUT WHEN DETERMINING THE PRESENT WORTH, ALL CASH
REM FLOWS ARE DISCOUNTED BACK TO THE YEAR 1980.
REM THEREFORE, A CASH FLOW IN A GIVEN YEAR N IS5
REM DISCOUNTED BACK (N+1) YEARS WHEN DETERMINING ITS PRESENT
REM WORTH.
REM
REM
REM
DIM C(20),X1(20),X2(20),X3(20),Y1(20),Y2(20),Y3(20),L(20)
DIM U1(20),02(20),M1(20),M2(20),R(20),R2(20) ,H1(20)
DIM 01(20),¥5(20),P(20),02(20)
DM E1(20),E2(20),E3(20),F1(20),F2(20),F3(20),E5(20),E6(20)
DIM E7(20),F5(20),F6(20),F7(20),G1(20),03(20),Y6(20)
DIM 04(20),C1(20),C2(20),P7(20)
DIM C3(20),PB(20) ,EB(20),F8(20)
DIM P9(20),L7(20),L8(20),L9(20),M7(20),M8(20),M9(20)
DIM M(20),C7(20),C8(20),C9(20),07(20) ,08(20),09(20)
DIM X(20),L1(20)
REM
REM
REM
REM START READING THE DATA
REM
REH
REM READ IN THE REVENUE RBOQUIREMENTS IN MILLION DOLARS (C(N))
FOR N=1 TO 20
READ C(N)
REXT N
REM
REM READ IN HEAT LOADS THAT ARE CQOMNECTED TO D.H. SYSTEM
REM FOR EACH BUILDING TYPE (X1-COMMERCIAL, X2-MULTI FAMILY,
REM X3-SINGLE FAMILY)
FOR N=1 TO 20
READ X1 (N)
NEXT N
FOR N=1 TO 20
READ X2(N)
HEXT N
FOR N=1 TO 20
READ X3(N)
NEXT N
REM
REM
REM READ IN HEAT LOADS THAT ARE NOT COMNECTED T0O D.H. SYSTEM
REM FOR EACH BUILDING TYPE (Y1-COMMERCIAL, Y2-MULTI FAMILY,
REM ¥Y3=-SINGLE FAMILY
FOR N=1 TO 20




00560
00570
00580
00550
00600
00610
00620
00630
00640
00650
00660
00670
00680
00690
00700
00710
00720
00730
00740
00750
00760
00770
00780
00750
00800
00810
0os20
00830
00840
00850
00860
00870
00880
00830
00500
00810
00920
00930
00940
00950
00960
00970
00980
00990
01000
01010
01020
01030
01040
01050
01060
01670
01080
01090
01100
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READ Y1(N)

NEXT N

FOR N=1 TO 20

READ Y2(N)

NEXT N

FOR N=1 TO 20

READ Y3 (N)

NEXT N

REM

REM

REM READ IN HEAT LOSSES (L(N)).

FOR N=1 TO 20

READ L (N)

NEXT N

REM

REM

REM READ IN THE RUNNING COST FOR THE BASE LOAD (U1(M))
FOR N=1 TO 20

READ UL (N)

NEXT N

REM

REM

REM READ IN THE RUNNING COST FOR HEAT-ONLY BOILERS (U2(N))
FOR N=1 TO 20

READ U2(M)

NEXT N

REM

REM

REM READ IN THE MAINTENANCE COST I MILLION DOLARS FOR
REM THE BASE LOAD (M1(N))

FOR N=1 TO 20

READ M1 (M)

NEXT N

REM

REM

REM READ IN THE MAINTENANCE COST IN MILLION DOLARS FOR
REM HEAT-ONLY BOILERS (M2(N))

FOR N=1 TO 20

READ M2 (N)

NEXT N

REM

REM

REM READ IN THE BASE LOAD/HEART-ONLY RATIO (R(N))
FOR N=1 TO 20

READ L (N)

NEXT N

REM

REM

REM READ IN THE COST OF HEAT FOR THE DEMAND HOT CONNECTED TO
REM D.H. SYSTEM (R2(N))

FOR N=1 TO 20

READ R2(N)

NEXT H

REM

REM




01110
01120
01130
01140
01150
01160
01170
01180
01190
01200
01210
01220
01230
01240
01250
01260
01270
01280
01290
01300
01310
01320
01330
01340
01350
01360
01370
01380
01390
01400
01410
01420
01430
01440
01450
01460
01470
01480
01490
01500
01510
01520
01530
01540
01550
01560
01570
01580
01590
01600
01610
01620
01630
01640
01650
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REM READ IN THE LOAD DURATION (V) AND HOURS IN A YEAR (W)
READ V,W
REM

REM
REM READ IN THE FLOOR AREA ESTIMATES (C5—COMMERCIAL,

REM MS-MULTI FAMILY, SS-SINGLE FAMILY)

READ C5,M5,S5

REM

REM

REM READ IN THE INFLATION RATE (Q)

READ Q

REM

REM

REM READ IN THE DISCOUNT RATE (I)

READ 1

REM

REM

REM

PRINT"IF YOU WANT TO RUN THE SECOMD PROGRAM TYPE 0";
INPUT A8

PRINT

PRINT

IF A8=0 GO TO 5200

REM

REM
Rﬂ.t#*********:A‘******i*t'l'***i*‘I'i'tt'l'***************it*i***i
g START THE FIRST PROGRA!N
REM THIS PROGRAN DETERMINES THE PRESENT WORTH OF THE TOTAL
REM COST OF SUPPLYING THE HEAT DEMAMD OF THE ENTIRE

REM ARFA OVER A 20 YEAR TIME PERIOD FOR THE OPTIONS OF

REM DISTRICT HEATING ONLY AND THE COMBINATION OF CONSERVATION

REM AND DISTRICT HEATING
REM

REM

REM

REM DIVIDE THE CAPITAL OOST OF D.H. SYSTEM,HEAT LOSSES AMND
REM MAINTENANCE COST BEIWEEN THE THREE BUILDING TYPES
REM  ACQORDING TO THEIR COMNECTED LOADS (7-COMMERCIAL,
REM B8-MULTI FAMILY, 9-SINGLE FAMILY)

FOR N=1 TO 20

X (M) =X1 () +X2 (W) +X3 (\)

C7T(N)=C (1) *X1 (M) /X (N)

C8 (M)=C (N) *X%2 (1) /X (1)

CO(N)=C(N) *¥3 (N) /X (1)

L7 (N)=L(H) *¥1 (N) /X (1)

L8 (W) =L (N) *#X2 (N) /X (N)

L) =L (N *X3(N) /X (1)

M7 (N)= (ML (N) +M2 () ) *X1 (M) 7% (1)

MB (N) = (ML () 4612 (M) ) *X2 (M) /X ()

MO (1) = (ML (N)+M2 (1) ) *X3 (N) /% (N)

NEXT N

REM

REM

REM ____ START THE TOTAL BASE CASE,



a4

01660 REM D.H. SYTEM WITHOUT CONM.

01670 FOR N=1 TO 20

01680 REM DETERMINE THE ANNUAL HEAT PRODUCTION OF D.H. SYSTEM
01690 H1(N)= (X1 (N)+X2(N)+X3(N) ) *W+L (N) *W

01700 REM DIVIDE THE ANNUAL HEAT PRODUCTION BETWEEN THE BASE
01710 REM LOAD PLANTS AND HEAT-ONLY BOILERS

01720 B=R(N)*H1(N)/ (1+R(N))

01730 H=H1(N)/(1+R(1))

01740 REM DETERMINE THE AMMNUAL OPERATING CQOST FOR D.H. SYSTEM
01750 O1(N)=(B*Ul (N)+H*U2 (N} ) /1000000-+H1 (N)+M2 (M)

01760 REM DETERMINE THE ANNUAL DEMAND OUTSIDE THE D.H. SYSTEM
01770 H2=(Y1(N)+Y2(N)+Y3(N))*V

01780 REM DETERMINE THE ANNUAL OPERATING COST OUTSIDE

01790 02(N)=H2*R2(N)/1000000

01800 REM DETERMINE THE TOTAL AMNUAL COST AND ITS FW.

01810  YS5(N)=01(N)+02(N)+C(N)

01820 P(N)=YS5(N)/(1+I)**(1+1)

01830 NEXT N

01840 REM OUTPUT THE TOTAL BASE CASE

01850 PRINT" TOTAL BASE CASE"

01860  PRINT

01870 PRINT"OPER.COST. OPER.(CDST. TOTAL anl. B
01880 PRINT"IN QUTSIDE OPFR.AID opF"
01890 PRINT"SYSTEM SYSTEM CAP. QOST QosT"
01900  PRINT" 5

01910 REM INITIALIZE THE CUMMULATIVE AW TO ZERO
01920 pP5=0

01930 FOR N=1 TO 20

01940 P5=P5+P(N)

01950 PRINT O1(N),02(N),¥S(N),P5

01960 NEXT N

01970 PRINT

01580 PERINT

01990 REM

02000 REM

02010 REM___ BASE CASE COMMERCIAL,
02020 REM

02030 FOR N=1 TO 20

02040 REM DETERMINE THE ANNUAL HEAT SUPPLIED BY BASE LOAD PLANTS
02050 REM AND HEAT OMLY BOILERS TO COMMERCIAL BUILDINGS

02060  B=R(N)* (X1 (N) *V+L7 (N) *W) / (1+R(N))

02070  H=(X1 (1) *V+L7 (M) *W) / (1+R(N))

02080 REM DETERMINE THE TOTAL ANNUAL OPERATING COST

02090  O7(N)=(H*UZ (1) +B*U1 (M) + (Y1 (N) *V) *R2 (N) ) /1000000

02100 REM DETERMINE THE B OF TOTAL ANNUAL COST

02110 P7(M)=(O7 (N)+C7 (W) +47 (13) ) / (141) ** (N+1)

02120 NEXT N

02130 PRINT" BASE CASE OOIMMERCIAL"

02140 PRINT

02150 PRINT"YEARS PW OF Y. C. CUM. BW"

02160  PRINT" e SR ! .

02170 REM INITIALIZE THE CUMMULATIVE B OF TOTAL COST TO ZERD
02180 P5=0

02190 FOR N=1TO 20

02200  PS=P5+P7 (M)



02210
02220
02230
02240
02250
02260
02270
02280
02290
02300
02310
02320
02330
02340
02350
02360
02370
02380
02390
02400
02410
02420
02430
02440
02450
02460
02470
02480
02490
02500
02510
02520
02530
02540
02550
02560
02570
02580
02590
02600
02610
02620
02630
02640
02650
02660
02670
02680
02690
02700
02710
02720
02730
02740
02750
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PRINT N,P7(N),P5

NEXT N

PRINT

PRINT

REM

REM

REM___BASE CASE MULTIFAMILY

REM

FOR N=1 TO 20

REM DETERMINE THEANNUAL HEAT SUPPLIED BY BASE LOAD PLANTS
REM AMD HEAT-ONLY BOILERS TO MULTI-FAMILY BUILDINGS
B=R(N)* (X2 () *V+L8 (N) *W) / (1+R(N) )

H= (X2 (N) *V+L8 (1) %) / (1+R (W)

REM DETERMINE THE TOTAL ANNUAL OPERATING COST

08 (N)=(H*U2 (N) +4B*UL (N) +Y2 (N) *V*R2 (N) ) /1000000

REM DETERMINE THE FW OF TOTAL AMNUAL QOST

P8 (N) = (08 (N) +C8 (N) +M8 (N) ) / (1+ 1) ** (1+N)

NEXT N
PRINT" BASE CASE MULTI FAMILY"

PRINT

PRINT"YEARS B OF Y. C. QM. A"
PRINT" 3

EDIHTI'ELIZE THE CUMMULATIVE BW OF TOTAL COST TO ZERO
FOR N=1 TO 20

P5=P5+P8 (N)

PRINT N,PB(N),P5

NEXT N

PRINT

PRINT

REM

REM

REM __ BASE CASE SINGLE FAMILY

REM

FOR N=1 TO 20

REM DETERMINE THE ANNUAL HEAT SUPPLIED BY BASE LOAD PLANTS
REM AND HEAT-ONLY BOILERS TO SINGLE FAMILY RESIDENCES
B=R(N)* (X3 (N) *V+LI9 (N) W) / (1+R (X))

H= (X3 (W) *V+L9 (N) #W) / (1+R(N) )

REM DETERMINE THE TOTAL AMNUAL OPERATING COST

09 (N)=(H*U2 (N) +B*U1 (N) +Y3 () *V*R2 (17) ) /1000000

REM DETERMINE THE PW OF TOTAL AMNNUAL COST

PO (N)=(09 (N)+CO9 (N} +MI (N) ) / (14I) ** (1+1)

HEXT N

PRINT" BASE CASE SINGLE FAMILY"

PRINT

PRINT"YEARS Bl OF Y. C.  CUM. BW"
PRINT" "

I;g!:ﬂ INITIALIZE THE CUMMULATIVE BW OF COST TO ZERD
FOR =1 TO 20

P5=P5+P2 (N)

PRINT N,P9(N),P5

NEXT N

PRINT




02760
02770
02780
02790
02800
02810
02820
02830
02840
02850
02860
02870
02880
02890
02900
02910
02920
02930
02940
02950
02960
02970
02980
02990
03000
03010
03020
03030
03040
03050
03060
03070
03080
03090
03100
03110
03120
03130
03140
03150
03160
03170
03180
03190
03200
03210
03220
03230
03240
03250
03260
03270
03280
03290
03300
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FRINT
REM
REM
REM
REM COMBINATION OF CONSERVATION AMND
REM DISTRICT HEATING STARTS
REM
REM
PRINT "INPUT THE IMPLEMENTATION RATES ";
REM T1-COMMERCIAL, T2-MULTI FAMILY, T3-SINGLE FAMILY
INFUT T1,7T2,T3
PRINT "INPUT § ENERGY SAVINGS RATE ";
REM S1-COMMERCIAL, S2-MULTI FAMILY, S3-SINGLE FAMILY
INPUT 51,52,53
PRINT "INPUT QOST PER SQ. FT.";
REM C6-COMMERCIAL, M6-IULTI FAMILY, S6-SINGLE FAMILY
INPUT C6,M6,56
PRINT
REM
REM
REM DETERMINE THE HEAT LOADS WITH OCQMSERVATION INSIDE AND
REM OUTSIDE THE DISTRICT HEATING SYSTEM FOR ALL THREE
REM BUILDING TYPES(E-INSIDE, F-OUTSIDE)
FOR N=1 TO 20
T4=N*T1
TS5=N*T2
T6=N*T3
IF T4<=1 GO TO 3050
T4=1
IF T5<=1 GO TO 3070
T5=1
IF T6<=1 GO TO 3090
T6=1
EL (N)=X1 (N)-X1 (N) *T4*51
E2 (N)=X2 (N) -X2 (N) *T5*52
E3 (N)=X3 (N) -X3 (N) *T6*53
F1(R)=Y1(N)-Y1(N)*T4*s]
F2(N)=Y2 (N)-¥2 (N) *T5*52
F3(R)=Y3 (N)-Y3 (N) *P6*53
REM DETERMINE THE REDUCTION IN HEAT LOADS WITH CONSERVATION
ES (N)=X1(N)-EL (N)
E6 (N)=X2 (N)-E2 (N)
E7 (N)=X3 (N)-E3 (M)
F5(H)=Y1(N)-F1(N)
F6(N)=Y2 (N)-F2 (1)
F7(N)=Y3(N)-FP3 (1)
NEXT N
REM
REM
REM
REM START THE CALCULATION OF THE QOST ITEMS
REM
REM
FOR N=1 TO 20
REM




03310
03320
03330
03340
03350
03360
03370
03380
03390
03400
03410
03420
03430
03440
03450
03460
03470
03480
03490
03500
03510
03520
03530
03540
03550
03560
03570
03580
03590
03600
03610
03620
03630
03640
03650
03660
03670
03680
03690
03700
03710
03720
03730
03740
03750
03760
03770
03780
03790
03800
03810
03820
03830
03840
03850
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REM DETERMINE THE AMNNUAL HEAT PRODUCTION BY D.H. SYSTEM
Gl (N)=(EL (N)+E2 (N) +E3 (N) ) *V+L (N) *W

REM DIVIDE THE ANNUAL HEAT PRODUCTION BETWEEN THE BASE LOAD
REM PLANTS AND HEAT ONLY BOILERS

B=R (N) *G1 (N) / (1+R(N))

H=GL (N) / (1+R(N))

REM DETERMINE THE ANNUAL OPEATING AND MAINTENANCE COST OF
REM DISTRICT HEATING SYSTEM

03 (N)={(B*UL (N)+H*U2 (N) ) /1000000+M1 (N) +M2 (N)

REM DETERMINE THE ANNUAL OPERITING COST FOR OUTSIDE THE
REM D.H. SYSTEM

REM

04 (N)=(F1 () +F2 (N)+F3 (N) ) *V*R2 (N) /1000000

REM CALQULATE THE QOST OF CONSERVATION FOR COMMERCIAL
T4=N*T1

IF T4<=1 GO TO 3430

Clin)=0

GO TO 3510

C1(N)=(CS*T1*C6* (1+0) ** (N+1) ) * (20-(N-1)) /20

REM

REM CALQULATE THE OOST OF CONSERVATION FOR MULTI FAMILY
TS=I*T2

IF T5<=1 GO TO 3560

C2(N)=0

GO TO 3580

C2 (N)={MS*T2*ME™ (1+0Q) ** (M+1) ) * (20-(N-1)) /20

REM

REM CALQULATE THE COST OF CONSERVATION FOR SINGLE FAMILY
TE=N*T3

IF T6<=1 GO TO 3630

C3(N)=0

GO TO 3660

C3 (N)=(S5*T3*S6% (1+Q) ** (N+1) ) * (20-(N-1)) /20

REM

REM

REM DETERMINE THE TOTAL ANNUAL COST AND ITS BW

Y6 (N) =03 (N) +04 (N) +C (M) +C1 (N) +C2 (N) +C3 (N)
P(N)=Y6 (N) / (1+1) **(N+1)

REM

REM

REM START DETERMINIG THE TOTAL ANMUAL COST FOR COMMERCIAL
REM

REM ANNUAL HEAT SUPPLIAD BY BASE LOAD PLANTS AND HEAT-ONLY
REM BOILERS TO COMMERCIAL BUILDINGS

B=R(N) * (E1 (N) *W+L7 (N) *W) / (1+R(N) )

H= (EL (N) *W+L7 (N) *W) / (1+R(N) )

REM TOTAL ANNUAL OPERATING COST OF COMMERCIAL

07 (R) = (H*U2 (N) +B*U1 (N) +F1 (N) *V*R2 (N) ) /1000000

REM PW OF TOTAL AMNNUAL QOST OF COMMERCIAL

P7T(N)=(07 (M) +C7 (N)+M7 (M) +CL (N) ) Z (141} ** (14N)

REM

REM

REM START DETERMINING THE TOTAL ANNUAL CQOST FOR MULTI FAMILY
REM

REM ANNUAL HEAT SUPPLIED BY BASE LOAD PLANTS AND HEAT ONLY



03860
03870
03880
03890
03900
03910
03520
03230
03940
03950
03960
03970
03980
03990
04000
04010
04020
04030
04040
04050
04060
04070
04080
04090
04100
04110
04120
04130
04140
04150
04160
04170
04180
04190
04200
04210
04220
04230
04240
04250
04260
04270
04280
04290
04300
04310
04320
04330
04340
04350
04360
G4370
04380
04390
04400
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REM BOILERS TO MULTI FAMILY BUILDINGS
B=R(N) * (E2 (N) *V+L8 (N) W) / (1+R(N))
H=(E2 (N) *V+L8 (N) *W) / (1+R(N) )
REM TOTAL ANNUAL OPERATING COST OF MULTI FAMILY
08 (N) = (H*U2 (N) +B*UL (N) +F2 (N) *V*R2 (N) ) /1000000
REM PW OF TOTAL ANNUAL COST OF MULTI FAMILY
§E:N}-(DBIEJ+CE{N}+HB{H}+C2{Nllf(1+1]**{l+ﬂl

!
REM
;gg:EﬁﬂﬁE DETERMINING THE TOTAL ANMUAL COST FOR SINGLE FAMILY
REM ANNUAL HEAT SUPPLIED BY BASE LOAD PLANTS AND HEAT ONLY
REM BOILERS TO SINGLE FAMILY RESIDENCES
B=R(N)* (E3 (N) *V+L9 (N) *W) / (1+R(N) )
H=(E3 (N) *W+L9 (N) *W) / (1+R.(N) )
REM TOTAL ANNUAL OPERATING COST OF SINGLE FAMILY
09 (N) = (H*U2 (N) +B*UL (W) +F3 (N) *V*R2 (N) ) /1000000
REM FW OF TOTAL ANNUAL COST OF SINGLE FAMILY
E§$H3=EDEIH}+{3{HI+HB(N!*CEIH]}f11+11**11+H}
REM

NEXT N

REM OUTPUT STARTS

PRINT"IF YOU DOW'T WANT THE DEMAND PROFILE TYPE 0"
INPUT AS

IF AS5=0 GO TO 4540

PRIMNT

REM

REM

PRINT" DEMAND PROFILE"

PRINT
PRINT"YEAR DEM INSIDE DEM QUTSIDE"
mﬂ.n e L]
FOR N=1 TO 20

E9=El (N)+E2 (M) +E3 (1))

F9=F1 (N) +F2 (N} +F3 (M)

FRINT N,E9,F9

NEXT N

PRINT

PRINT

FRINT"YEAR RED IN DEM RED IN DEM"
PRINT" INSIDE OUTSIDE"
PRIM” n
FOR N=1 TO 20

E9=E5 (N)+E6 (N) +E7 (N)

F9=F5 (M) +F6 (N} +F7 (M)

PRINT N,E9,F9

NEXT N

PRINT
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04410 PRINT

04420 PRINT" ANNUAL ENERGY SAVINGS"

04430  PRINT

04440  PRINT"INSIDE CUM INSIDE QUTSIDE QM OUTSIDE"
04450  PRINT" oW e =
04460 PRINT

04470 FOR B=1 TO 20

04480  US=(E5(N)+E6 (N)+E7 (N) ) »
044920 U6=U6+US

04500  U7=(F5(N)+F6 (N)+F7 (N) ) W
04510 v8=UB+U7

04520  PRINT US5,U6,U7,U8

04530 NEXT N

04540  PRINT

04550  PRINT

04560 PRINT" TOTAL SYSTEM WITH COMSERVATION"
04570 PRINT

04580  PRINT"OPER.(OOST. OPER.COST TOTAL COM. BwW."
04590  PRINT"IN OUTSIDE OPER. AND oF"
04600 PRINT"SYSTEM SYSTEM CAP.COST osT™
04610  PRINT" "
04620 p5=0

04630 FOR N=1 TO 20

04640  P5=P5+P(N)

04650  PRINT O3(N),04 (M) ,Y6(N),P5
04660 NEXT N

04670  PRINT

04680  PRINT

04690  PRINT" COMMERCIAL BUILDINGS WITH COMSERV."
04700  PRINT

04710  PRINT"YEARS MW OF Y. C. QoM. B
04720 PRTIT" 3
04730 P5=0

04740 FOR N=1 TO 20

04750  P5=P5+P7(N)

04760  PRINT N,P7(N),P5

04770 HNEXT N

04780  PRINT

04790 PRINT

04800 PRINT" MULTI FAMILY BUILDINGS WITH CONSERV."
04810 PRINT

04820 PRINT"YEARS MW OoF Y. C. am. W
04830 PRINT"____ o
04840  P5=0

04850 FOR M=1 TO 20
04860  P5=P5+P8(N)
04870  PRINT N,P8(N),P5
04880 NEXT N

04890  PRINT

04500  PRINT

04910 PRINT" SINGLE FAMILY HOUSES WITH CONSERV."
04920  PRINT

04530 PRINT"YEARS M OF Y. C. QM. P"
04940  PRINT" .

04950  P5=0
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04960 FOR N=1 10 20
04970  P5=P5+P9(N)
04980  PRINT N,P9(N),P5
04990 NEXT N

05000  PRINT
05010  PRINT
05020 REM
05030 REM

05040 FRINT"IF YOU WANT TO RUN FOR A DIFFERENT CASE"
05050 PRINT"TYPE 0,OTHERWISE 1";

05060 INFUT A

05070 IF A=0 GO TO 2840

05080 @GO TO 7850

05090 REM
05100 REM
05110 REM
05120 REM

05130  REMARkdddddk ik h ek dhh it dhdtdd kA h AR d Ak A AR E AR R AR AR AR A R s

05140 REM————START THE SECOND PROGRAM—————-—
05150  REM THIS PROGRAM DETERMINES THE EFFECTS OF
05160 REM CONSERVATION IMPLEMENTATION TIME BY USING
05170 REM A SINGLE SQUARE FOOT APPROACH

05180 REM
05190 REM
05200 PRINT
05210  PRINT

05220 PRINT"TYPE 1 FOR COMMERCIAL, 2 FOR MULTI FAMILY"
05230 PRINT"3 FOR SINGLE FAMILY";

05240  INPUT AS

05250 PRINT"INPUT THE CONSERVATION LAVEL";

05260 INPUT S

05270  PRINT"INPUT THE QOST PER SQUARE FEET";

05280 INPUT C9

05290  PRINT"INPUT THE ANNUAL DEMAND PER SQUARE FEET";
05300 INPUT D

05310  PRINT
05320 PRINT
05330 PRINT
05340 REM

05350  REM DETERMINE THE ANMUAL HEAT LOSS PER MW-HR OF CONNECTED
05360  REM ANNUAL DEMAND

05370 FOR Nl TO 20

05380 L1 (N)=L(N)*W/ ( (X1 (N)+X2(M)+X3 (N) ) %)
05390 NEXT N

05400 REM

0541C REM

05420 REM QUTPUT PREPARATION

05430 IF A9=2 CO 10 5470

05440 IF A9=3 GO TO 5490

05450  PRINT"COMMERCIAL BUILDING"

05460 GO TO 5500

05470  PRINT"MULTI FAMILY BUILDING"

05480 GO TO 5500

05450  PRINT"SINGLE FAMILY HOUSE"

05500  PRINT"LAVEL OF CONSERVATION=";




05510
05520
05530
05540
05550
05560
05570
05580
05590
05600
05610
05620
05630
05640
05650
05660
05670
05680
05690
05700
05710
05720
05730
05740
05750
05760
05770
05780
05790
05800
05810
05820
05830
05840
05850
05860
05870
05880
05890
05900
05810
05920
05930
05940
05950
05960
05970
05980
05990
06000
06010
06020
06030
06040
06050
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PRINT 5

REM

REM

REM START THE LOOP FOR THE YEAR OF COMMECTION TO D.H.
REM SYSTEM (N1)

POR Nl=1 TC 20

REM

REM INITIALIZE THE MINIMUM PW OF COST AND OPTIMUM CONSERVATION
REM IMPLEMENTATION YEAR TO ZERO—ZERO IS INTERPRETED AS THE
REM CASE FOR WHICH THE CONSERVATION IS NEVER IMPLEMENTED
M(N1)=0

M9 (N1)=0

REM

REM START THE BASE CASE (NO CONSERVATION)

REM

FOR N=1 TO 20

IF N>=N1 GO TO 5720

REM ANNUAL OPER. QOST IF THE BUILD. IS NOT COMNECTED TO D.H.
O=D*R2 (N)

GO TO 5770

REM ANNUAL HEAT PRODUCTION BY D.H. SYSTEM

D1=D+L1 (N)*D

REM ANNUAL OPERATING QOST IF THE BUILD. IS OWECTED TO D.H.
O=(R(N) *D1/ (1+R(N) ) ) *U1 (M) +(D1/ (1+R(N) ) ) *U2 (N)

REM ADD THE FW OF ANNUAL OPERTING COST TO MINIMUM B OF
REM TOTAL COST

MINLY=M(NL) +0/ (141) **(M+1)

NEXT N

PRINT

PRINT

PRINT"YEAR OF CONNECTION TO D.H. =";

PRINT N1

PRINT"BASE CASE QOST=";

PRINT M(N1)

REM

REM

REM

REM ———5TART THE CASE WITH CONSERVATION_

REM

REM START THE LOOP FCR THE YEAR OF CONSERVATION

REM IMPLEMENTATION (N2)

FOR N2=1 TO 20

REM

REM INITIALIZE PW OF TOTAL QOST (P) TO ZERD

=0

D2=D

FOR N=1 TO 20

IF N<> N2 GO TO 6010

REM DETERMINE THE AMMUAL DEMAND WITH CONSERVATION
D2=D2-D2*5

IF N>=MNl GO TO 6060

REM ANNUAL OPER. QOST IF THE BUILD. IS NOT OOECTED TO D.H.
C=D2*R2 (N)

GO TO 6100

REM ANNUAL HEAT PRODUCTION BY D.H. SYSTEM
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06060 DI1=D2+L1(N)*D

06070 REM ANNUAL OPER. QOST IF THE BUILD. IS COMNECTED TO D.H.
06080 O=(R(N)*D1/ (1+R(MN)))*UL (N)+(D1/ (1+R(N}) ) *U2 (N)

06090 REM ADD PW OF AMMUAL OPER. COST TO BW OF TOTAL CPER. QOST
06100  P=PHO/ (1+I)** (M1)

06110 NEXT N

06120 REM

06130 REM DETERMINE PW OF TOTAL COST FOR THIS CASE

06140  T=DP+( (CO* (1+Q) ** (N2+1) ) * (20~ (N2-1) ) /20) / (1+I) ** (N2+1)
06150 REM QUTPUT THE RESULT OF THIS CASE

06160  PRINT T;

06170 PRINT ",";

06180 REM

06150 REM

06200 REM COMPARE THE RESULT OF THIS CASE WITH THE MINIMUM AND
06210 REM IF IT IS SMALLER SET THE MINIMUN EQUAL TO TIT

06220 IF T>M(N1l) GO TO 6280

06230  M(Ml)=T

06240 MO (N1)=N2

06250 REM

06260 REM

06270 REM FINISH THE LOOPS

06280  NEXT N2

06290 HEXT N1

06300 REM

06310 REM

06320 REM START THE OUTPUT OF THE OPTIMUM YEARS OF CONSERVATION
06330 REM IMPLEMENTATION

06340 PRINT

06350  PRINT

06360 PRINT"YEAR OF OPT. YEAR mic"
06370  PRINT"COMNECTION FOR"

06380 PRINT"TO D.H. QONSERVATION"

06390  PRINT" v

06400 FOR Nl=1 TO 20
06410  PRINT N1,M9(NL1),M(N1)
06420 NEXT Il

06430 PEM

06440 REM

06450 REM END OF SECOID PROGRAM

06460 REM

06470 REM

06480 REM

QGAGO  [UEH* Rk ek ok ko bk ok ok ok ok b e ok b
06500 REM DATA__

06510 REM

06520 REM THE FOLLOWING DATA IS OPTAINED FROM THE STUDSVIK REPORT.
06530 REM PAGE AND TABLE NUMBERS IN THIS REPORT IS GIVEM FOR
06540 REM EACH DATA ITEM.

06550 REM
06560 REM
06570  REM
06580  REM el .

06590 REM REVENUE REQUIREMENTS (C(N))-COLUMI 7. OF TABLE 9.12 ON
06600 REM PAGE 103



06610
06620
06630
06640
06650
06660
06670
06680
06650
06700
06710
06720
06730
06740
06750
06760
06770
06780
06790
06800
06810
06820
06830
06840
06850
06860
06870
06880
06890
06900
06910
06920
06930
06940
06950
06960
06970
06980
06990
07000
07010
07020
07030
07040
07050
07060
07070
07080
07090
07100
07110
07120
07130
07140
07150
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DATA 3.52,6.74,10.38,14.99,19.42,24.28,29.16,34.31,38.17,40.63
DATA 45.41,50.44,56.36,65.61,73.54,64.06,89,.26,91,45,94.47,93.67
REM
REM
REM
REM HEAT LOADS THAT ARE CONNECTED TO D.H. SYSTEM FOR
REM EACH BUILDING TYPE (X1(N),X2(N),X3(N))-
REM COL.2 OF TABLE 6.2 ON PAGE 68 GIVES THE HEAT LOADS OF
REM ALL DISTRICT HEATING AREAS.
REM THE LOAD OF EACH DISTRICT IS DIVIDED BETWEEN THE THREE
REM BUILDING TYPES ACCORDING TO THE DESCRIPITONS GIVEN
REM ON PAGES 19 THROUGH 29.THEN THE COMNECTED LOAD FOR
REM EACH YEAR IS DETERMINED FROM THE CONNECTION SCHEDULE OF
REM DISTRICTS GIVEN IN FIG.9.2 ON PAGE 82.
DATA 75.95,157.2,275.85,388.65,505.95,544.11,585.16,616.91
DATA 646.81,667.66,721.08,778.6,81°.86,828.16,867.46,873.76
DATA 878.76,890.6,902.44,907.44
DATA 18.05,26.8,73.15,140.35,214.58,351.79,487.14,639.64
DATA 754.24,829.39,907.97,970.2,1027.69,1118.64,1237.89
DATA 1241.64,1245.39,1266.24,1287.09,1290.84
DATA 0,0,0,0,0,5.6,11.2,16.95,22,49,22.49,22.49,38.7,54.95
DATA 95.7,136.45,203.4,302.65,351.96,401.27,417.52
REM
REM
REM
REM HEAT LOADS THAT ARE NOT COINECTED TO DISTRICT HEATING
REM SYSTEM FOR EACH BUILDING TYPE (YL(N),Y2(N),¥Y3(N))-
REM HEAT LOAD NOT' CONNECTED TO D.H. IN EACH YEAR FOR A GIVEN
REM BUILDING TYPE IS OPTAINED BY SUBSTRUCTING THE CONNECTED
REM LOAD IN THAT YEAR FOR THAT BUILDING TYPE FROM THE TOTAL
REM LOAD FOR THAT BUILDING TYPE.
DATA 831.49,750.19,631.54,518.74,400.98,362.76,321.73
DATA 289.98,260.08,239.23,185.81,128.29,87.03,78.73,39.43
DATA 33.13,28.13,16.29,5,0
DATA 1272.79,1254.04,1217.79,1150.59,1076.35,939.15,803.8
DATA 651.3,536.7,461.55,382.97,320.74,263.25,172.3,53.05
DATA 49.3,45.55,24.7,3.75,0
DATA 417.52,417.52,417.52,417.52,417.52,411.92,406.32
DATA400.57,395.07,395.07,395.07,378.82,362.57,321.82,281.07
DATA 214.12,114.87,65.56,16.25,0
REM
REM
REM
REM HERAT LOSS (L(N))- OPTAINED FROM OQOL.8 OF TABLE 9.7 OM
REM PAGE 97.
DATA 2.6,5.5,9.8,14.8,20.3,27,33.6,40.6,45.5,48.2,51.9,56.3,60.1
DATA 64.6,70.8,74.2,79,82.7,86.4,87.7
REM
REM
REM i
BEM RUNNING OOST OF BASE LOAD (Ul(N))-
REM OPTAINED BY SUBSTRUCTING THE MAINTENMANCE QODST GIVEM
REM IN COL.8 OF TABLE 9.8 ON PAGE 98 FROM THE TOTAL
REM OPERATING AND MAINTENANCE COST GIVEN IM COL.6 OF THE
REM SAME TABLE.




07160
07170
07180
07190
07200
07210
07220
07230
07240
07250
07260
07270
07280
07290
07300
07310
07320
07330
07340
07350
07360
07370
07380
07390
07400
07410
07420
07430
07440
07450
07460
07470
07480
07490
07500
07510
07520
07530
07540
07550
07560
07570
07580
07590
07600
07610
07620
07630
07640
07650
07660
07670
07680
07650
07700
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DATA 3.?4;3.95,4.15,4.35,4.5?,4.39,5.25,5.55,5.14,5.?1,7.U3,T.33
DATA 7.71,8.07,8.46,8.82,9.3,9.73,10.2,10.67

REM

REM

REM

REM RUNNING COST OF HEAT ONWLY BOILERS (U2(N))-

REM OPTAINED BY SUBSTRUCTING THE MAINTENANCE COST GIVEN

REM IN QOL.9 OF TABLE 9.8 O PAGE 98 FROM THE TOTAL

REM OPERATING AND MAINTENANCE COST GIVEN IN OOL.7 OF THE

REM SAME TABLE.

DATA 11.ﬂl,11.31.12.51;13.42:14.23,15.35.16.1?,1?.2?,13.?5,19.89
DATA 21.33,23.13,24,55,26.7,28.45,30.56,32.92,35.35,37.68,40.13
REM
REM
REM

REM MAINTENANCE QOST OF BASE LOAD (M1 (1))~
REM OPTAINED FROM TABLE 9.8 ON PAGE 98 BY MULTIPLYING
REM THE MAINTENANCE QOST PER MWHR GIVEM IN OOL.8 WITH
REM THE TWHRS OF ENERGY PRODUCED GIVEN IN OOL.4.
DATA 0,.8332,1.23,1.6121,1.9278,2.4042,2.9252,3.328,3.6639,4.12
DATA 4.6656,5.2589,6.0425,7.2085,8.2713,10.4106,11.5787,12.3549
DATA 13.3207,14.0095
REM
REM
REM
REM MAINTENANCE QOST OF HEAT-ONLY BOILERS (M2(N))-
REM OPTAINED FROM TABLE 9.8 ON PAGE 98 BY MULTIPLYING
REM THE MAINTENANCE COST PER MWHR GIVEN IN COL.9 WITH
REM THE TWHRS OF ENERGY PRODUCED GIVEN IN OOL. 5.
DATA .0484,.0527,.0539,.1613,.2933,.3505,.4183,.5768,.7171,.746
DATA .871,1.0837,1.1683,1.3467,1.4042,1.4545,1.5247,1.5884
DATA 1.653,1.7457
REM
REM
REH
REM BASE LOAD/HEART ONLY RATIO (R(N))-
REM OPTAINED FROM TABLE 9.8 ON PAGE 98 BY DIVIDING THE
REM BASE LOAD HEAT PRODUCTION GIVEN IN OOL. 4 WITH THE
REM HEAT-CNLY BOILERS HEAT PRODUCTION GIVEN IN CCL. 5.
DATA 0,.2989,5.665,4.776,5.666,5.667,5.667,5.667,5.667,5.667
DATA 5.66?,5.EE?.S.ﬁE?,ﬁ.GE?,S.GE?;S-ﬁE?rE.EE?,E.GET,E.ﬁE?,5.Eﬁ?
REM
REM
REM
REM OUTSIDE OPERATING QOST (R2(N))-
REM OPTAINED FROM TABLE 9.9 ON PAGE 100 BY DIVIDING THE
4
4

REI DISTRICT HEATING RATES GIVEN IN COL. 4 WITH 0.9 .

DATA 14.19,16.76,18.01,19.17,20,33,21.94,23.09,24.67,26.74,28.4
DATA 30.47,33.03,34.08,38.14,40.64,43.67,47.03,50.51,53.83,57.37
REM
REM
REM

REM LOAD DURATION (V) AND HRS IN A YEAR (W)=DPAGE 11.
DATA 2465,8760
REM



07710
07720
07730
07740
07750
07760
07770
07780
07790
07800
07810
07820
07830
07840
07850
07860
07870
07€80
07890
07900
07910
07920
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REM

REM

REM FLOOR SPACE ESTIMATES (C5,M5,85)-

REM OPTAINED BY DIVIDING THE TOTAL DEMAND FOR A BUILDING TYPE
REM WITH THE DAMAND PER SQUARE FOOT OF THAT BUILDING TYPE.
DATA 225,133,42

REM
REM
REM x
REM INFLATION RATE (Q)-IT IS AN ASSUMPTION
DATA 0.04
REM

REM

REM

REM DISCOUNT RATE (I)-FROM STUDSVIK REPORT
DATA 0.065
REM

REM

REM

REM

REM

BiD




75.
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