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ABSTRACT

computerized intended to providc a fast, re-
and economic of describing and analyzing

mal district heating and cooling (DHC) systems. Use of the pro-
gram furnishes designers, planners, engineers.
and operators with extensive technical and economic information
that may be used to model potential system
ment and operational strategies and compare such systems with
existing heating and cooling supplier. The software can also bc a
valuable tool for community in defining all aspects of de-
veloping, evaluating, and justifying new geothermal DHC pro-
ject. The program consists of four major components: a central
controller. geographic orientation and layout program.

system production program, and a distribution network analy-
sis

geothermal production program will allow the user to draw
and describe geothermal well field production system with

production and injection wells connected to single plant, 
multiple doublets serving as a single production plant. Both pro-
duction and wells be modeled and costs calculated.

The of the program should significantly the user's
ability to cost-effectively determine the technical and economic
feasihility of developing geothermal DHC system as well
environmentill he derived from the air
emissions that result from the replacement of existing
fuel-fired

INTRODUCTION

Geothermal district energy geothermal tu
supply energy group of industries. It is a
technology dating back antiquity when Roman cities,

circulated waters through trenches beneath
supply heating and thermal water baths. Modern 

thermal district energy dates back 1892 when the Artesian Hot 
and Cold Water Company, the Warm Spring Water
District, began service in Boisc. Idaho In the

States, there are now over 20 geothermal district systems in
California. Idaho, Nevada, New Mexico, Oregon,

Wyoming producing over 750 energy per 
ycar. 'These systems have a present production capacity of over
17,000 of water that is supplied through aver 80

piping ill.. 1990: Rafferty.
The largest of these systems is in Bernardino, California, 
where 37 are served hy a 24-km district system 
two 300 (meter deep geothermal wells that can produce over 600
liters per minute of approximately water

In the and Paris of France. a large number of geo-
thermal district energy systems have hren developed since the 
early The 60+ systems. most which consist of produc-
tion injection doublcts. each serve to 5.000 housing
units load in hospitals. schools, (Coudert,
1984: Jaudin.

China's third largest city. with a population of 9.2 million
inhabitants, has the largest district encrgy system
world. Over of floor space are heatcd and
early as 1980. people i n the industrial area of
were provided with gcothermal district heat from geothermal
wells 1992) (District Heating and Cooling.

In Iceland. over YO percent of heating requirements of the
city Reykjavik are provided through a geothermal district

cnergy s y s t e m i n fact, enjoy the highest per 
gcothermal energy from systems that supply 

ovcr 80 percent of the total apace heating requirement
(Lund. 1988). Other countries that have developed geothermal 
district energy include Sweden, Denmark. Japan. Turkey. 
Hungary. Italy. Britain

available from geothermal district energy system 
space heating domestic water hrating, and

and agricultural process heating. In addition
mal many geothermal district energy systems 
ale the use thermal storage and fossil-fueled peaking and back-
up boilers or cogeneration cquipmcnt. Where geothermal waters
are warm enough use directly water heat
pumps can he used boost the temperature requircd levels such
as in Lund. Sweden; France: and Ephrata, 
tun, USA (Bloomquist and Schuster. 1994) (Bjelm
1983) (Jaudin,

Howcver, the recent worldwide activity in developing geo-
thermal district energy systems. the role that geothermal play
i n providing cnvironmentally attractive. stable. economic energy 
far being fully appreciated. This reflected in the limited
attention that geothermal district energy receives develop-

of community energy plans. design of new energy
ities. and the of existing

2. PLANNING FOR DISTRICT ENERGY 
SYSTEMS

Geothermal resources district energy system must be located. 
defined, and proven within measurable limits. While district 
gy technology is far new. of geothermal energy 
operate such systems is unfamiliar in most areas to local residents.
community leaders. and the community. and is thus can-

to be a new somewhat risky undertaking. Required 
assessment activities will normally concerned with reservoirs
location. aquifer depth, and temperature. chemistry, and
production capacity. In addition, consideration must he given to
legal determination of potential conflicts with
competing groundwater users. environmental impacts. 
expected longevity or reliability of the geothermal 
support the needs of the system. and disposal 

However. all too often level directed
to the location assessment of the geothermal and



little is given technical and economic feasibility of
a cncrgy requirements with

thermal district energy

The tcchnical and of geothcrrnal district 
only he made through a thorough analysis of

district The location, size. density, and
haaed demand of the thermal energy load for space heating and 
cooling, water heating. and heating will
the feasibility of a district energy system. The availability and

of competing fuels must evaluated. and an estimate made 
of the potential for market penetration. Only after a thorough mar-
ket analysis, the results the geothermal resource
gram. and capital and operating estimates generated
through the development of system design. can pre-
liminary of the project's be The
cost and complexity of such studies has, however. 

major barrier to the inclusion of geothermal district as a
element of community energy planning and ultimately

A software program, HEATMAP". has been designed
reduce the cost completing these studies, and

use of planners. architects. engineers, designers, and

3.

geothermal district energy from the
premise that a community's thermal energy supplies and demands
arc important determinations in the community developmcnt pro-
cess. Community a direct function of land uses.

types, density, and mixes of land uscs in a
community will determine its suitability district energy:
ovcr, land-use to local energy such as
thermal resources a large extent. determine the technical 
and economic feasibility using such local fur a district
energy system.

HEATMAP" is a computerized tool that provides fast and reli-
able planning. designing, describing, and analyzing pro-
posed geothermal district heating and cooling
systems. It will evaluate the feasibility of using

directly if moderate tu high
150°C) are availahle, or i n conjunction with sourcc heat
pumps other fossil fucl renewable energy-fueled boilers) if
only low temperatures 50°C) resources are present. The

program also provides a quantitative estimate of in
that from DHC implementation expansion.

thus providing with a powerful argument 
influencing local community energy policy. Owners and
of existing geothermal DHC systems can the program to

their system and effcct various
potential system such

service outside of the existing service territory. 
determining adequacy and of the existing
tion network. The software also he used determine
mix geothcrrnal and the use of "conventional" and
cooling equipmcnt. 

'The program allows for of the thermal demands a
community's land uses. Thermal load density. far example. is a
function of community's uses: thermal loads per unit of

space for heating. cooling. iind domestic hut water.
and any local industrial or agricultural process Thermal
load density is usually expressed Joules or per hour

hectare Thr program can he used provide an
estimate minimum district price per 
unit of land area. thermal load density, for

operating community-wide program gener-
ated reports be to compare thermal
demands per unit land area to minimum

for district energy service. The resulting
ratios constitute a rating lor each
indicating either its suitability for district
or the need appropriate land-use changes, increased den-
sities or greater mix of land uses. such and
commercial

One the program is the ability to develop a
data fur each building facility i n the proposed

trict energy area. This information he effectively used
perform detailed sensitivity analyses of various scenarios.

example, scenarios he run that only specific
types of or only buildings with internal ther-
mal distribution systems that easily retrofitted use district
cnergy

The program functions through the tour separate
software programs: HM. a central controlling program: Auto-

a computer aided design program: HMOPS, a HEATMAP?
Interface program; and LICHEAT. a distribution

work program. is used to establish a graphical 

. . . 



The geothermal hot water wil l be used a heat source
for directly heating through heat exchanger the central
production plant) DHC network indirectly heating the

thermal input to equipmcnt in plant. such
heat pump supporting The gcothermal

he from producrion hcadcr
building, where a heat exchanger wi l l he located, before being 

injection for injection wells. The user
feu system parameters for the geothermal systcm.

including: and mass flaw rates liters per
of geothermal each production well lo the central

production plant, of geothermal water leaving the
heat exchanger (if in the production plant. and
tu rn temperature of for the DHC system
mal water can also be used as the heat cool-
ing equipment. Geothermal fluid can either

into the by injection in a appli-
cation such I f multiple injection

are software wi l l assume that the of
the geothermal be distributed equally among the

wclls.

The hoth heating and cooling production equip-
ment either base load peak mode. Production

include coal. natural gas. fuel
oil, and biomass. Both steam hot water heating can hc

The encrgy operate the production
equipment is calculated by the may he specified the

4.5 System

'The complete the
project map using an (Figure The
MAP* C A D drawing the map. and

the of pipe, pump. and
(consumer or production plant) the Initially. thew

records contain more than data in x.
The with

load data and the LICHEAT program which
the distribution system pressures,

end each pipe and node. the
the program an of technical

cations and and for pipcs. pumps. and
by the system.

LICHEAT software developed
WSEO HEATMAP" by of

Denmark. The LICHEAT program I S uscd modcl and
the physical and behavior of
in 200 D H C systems

4.6 Economics

Specific provided cost information can be furnished ex-
ploration, drilling, equipment, testing. pumps, land,
buildings, hear production and exchanging operation
and maintenance. and royalties.

Rased upon the project conditions specified by user pro-
gram wi l l calculate the cost far hearing production and

(hot water steam) and cooling production and
(chilled water). There are calculated on hoth a

throughout project life. and separately for each year of
project (Tahle Both public and private ownership can be

considered. Based upon the of system and total cus-
tomer load, the program wi l l the required sales price

unit of delivered

features economic analysis include:
thermal sales debt

from escalation for major

categories: and long-term debt
including various lax depreciation

databasc that map of the community under study.
routing pipelines. and location of pumps, production
(including the geothermal well field). and heating and cooling
loads (Figure I graphical systcm in-

the location of infrastructure systems including
and sidewalks, and other util it ies. gas. electricity.

The HM program the four components of the program into
single. coordinated system. It provide.; a hierarchical system

to control program execution. maintain the project data-
base. and govern the of data with
HEAT. HM also the printing reports. and the

analyses required for estimating hcating and cooling loads.
ing and production and ficlds and
piping, and evaluating financing options and

database the HEATMAP' software cor-
respond seven categories of and function: general
project geothermal wells and sys tem

hearing and cooling loads: gcothcrmal central production
plant: DHC system; financing and economics: and

(support data).

4. SOFTWARE PROGRAM STRUCTURE

4.1 Project Description

The a new project providing general information
about the target geothcrmal DHC system. Among the data items

by the program are: location: name and description: type
of system: medium hot steam

for specific geothermal components; and
weather data. Based upon values entered by the user,
gram wi l l provide certain user-changeable default .

systcm pressure and

4.2 Consumer Heating and Cooling Loads

For each consumer project database. the program wil l
permit user input lor energy of space heat-

ing. cooling. domestic hot Process loads must be
entered by the user. The program wi l l also calculate air emissions
of SO,, NO,. particulates for each existing boiler in all
buildings included in the proposed DHC service area, based on ex-
isting equipment. fuel. and operational efficiency.

The methodology used estimate consumer is patterned
directly after COMPACT. software tool developed by Lawrence
Berkeley Laboratory under the o f the Electric
Research (EPKI). COMPACT computer program
calculates energy utilization index expressed in terms

of are established for space
heating, space cooling. and domestic hot water. EUI calcula-
tion based upon data gathered for over 6,000 build-
ings, and algorithm that adjusts estimated consumption
according weather conditions at the of the DHC project.

4.3 Geothermal Well Field 

The geothermal system production program wil l allow the user
draw and a geothermal well field production
(Figure that wil l of production and

wells connected single production plant. or multiple
doublers, pairs of production and a
single production plant. production and injection can
be modeled and costs and related energy requirements calculated.

4.4 Production Plants

The central production plant will accommodate hot water heating
chilled water cooling (if coaling is provided) for

heating cooling network connected con-
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4.7 Library

The library a wide variety of information from which
values and are for throughout the

program arc user changeable). Data
are for six categories of Weather, Fuel:
Statistical energy indexes; Production units; Consumer
and cooling cquipment: and Piping. Library default values are in-
cluded in to simplify user input permit a quick

of potential geothermal district energy applications. For
very specific analysis of system features, the software users

change various default data information.

5. UNITS SYSTEMS

The program has designed to support both English and
Metric units. There separate executable versions of the pro-
gram for each units system, hut both are generated from same
set of code. A compile-time determines which ver-
sion the program wil l he produced by the compiler.

MB RAM, 60 MB greater hard re-
and a A WINDOWS the pro-

gram i n The WIN-DOWS
Microsoft WINDOWS or

12 for WINDOWS with 8 RAM. M B
hard

8.

A harrier o f geothermal district
clement of

the feasibility design
A HEATMAP".

significantly reducc of such
hy architects.

and
in community which
planning he used district

where engineering and
energy he

warranted

high potential

district system that
use geothermal while the cost

thermal io.

identifying areas where changes should he focused
improve long-term conditions for geothermal district energy.

an educational that wi l l puhlic officials
develop a understanding the role of
trict energy in community energ) planning and system design
and construction

energy

.
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