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1 Preface

Introduction

I ntroduction

The International Energy Agency (IEA) was established in 1974 in order to strengthen the co-
operation between member countries. As an e ement of the International Energy Programme, the
participating countries undertake co-operative actions in energy research, development and

demonstration.

District Heating offers excellent opportunities for achieving the twin goals of saving energy and
reducing environmental pollution. It is an extremely flexible technology which can make use of
any fuel including the utilisation of waste energy, renewables and, most significantly, the
application of combined heat and power (CHP). It is by means of these integrated solutions that
very substantial progress towards environmental targets, such as those emerging from the Kyoto

commitment, can be made.

For more information about this Implementing Agreement please check our Internet site www.iea-

dhc.org/

Annex VI

In May 1999 Annex VI started.
The countries that participated were:

Canada, Denmark, Finland, Germany, Korea, The Netherlands, Norway, Sweden, United

Kingdom, United States of America.

Thefollowing projects were carried out in Annex VI:

Title project ISBN Registration
number

Simple Models for Operational 905748021 2 S1
Optimisation

Optimisation of a DH System by 9057480220 S2
Maximising Building System

Temperatures Differences

District Heating Network Operation 905748023 9 S3

Pipe Laying in Combination with 905748024 7 A
Horizontal Drilling Methods

Optimisation of Cool Thermal Storage | 90 5748 025 5 S5

and Distribution

District Heating and Cooling Building | 905748 026 3 S6
Handbook

Optimised District Heating Systems 905748 027 1 S7
Using Remote Heat Meter

Communication and Control

Absorption Refrigeration with Thermal | 90 5748 028 X S8

(ice) Storage
Promotion and Recognition of 90-5748-029-8 5]

DHC/CHP benefits in Greenhouse Gas
Policy and Trading Programs




Introduction

Benefits of Membership

Membership of thisimplementing agreement fosters sharing of knowledge and current best
practice from many countriesincluding those where:

o DHCisalready a mature industry
e DHCiswell established but refurbishment isakey issue
¢ DHCisnot well established.

Membership proves invaluable in enhancing the quality of support given under national
programmes. The final materials from the research are tangible examples, but other benefits
include the cross-fertilisation of ideas which has resulted not only in shared knowledge but also
opportunities for further collaboration.

Participant countries benefit through the active participation in the programme of their own
consultants and research organizations. Each of the projectsis supported by ateam of Experts, one
from each participant country. The sharing of knowledge is atwo-way process, and there are
known examples of the expert him/hersdlf learning about new techniques and applying themin
their own organization.

Information

General information about the IEA Programme District Heating and Cooling, including the
integration of CHP can be obtained from:

IEA Secretariat

Mr. Hans Nilsson

9 Rue de la Federation

F-75139 Paris, Cedex 15
FRANCE

Telephone: +33-1-405 767 21
Fax:  +33-1-405 767 49
E-mail: hans.nilsson@iea.org

or

The Operating Agent

NOVEM

Ms. Marijke Wobben

P.O. Box 17

NL-6130 AA SITTARD

The Netherlands

Telephone: +31-46-4202322
Fax:  +31-46-4528260

E-mail: m.wobben@novem.nl
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2 Summary

Introduction

Thisreport isintended to assist engineers and consultantsin designing and implementing
conversions of building HVAC systems to accept chilled and hot water from district energy
systems. Building typesthat are addressed include residential, commercial, ingtitutiona and
industria. The practica guidelines provided are based on extensive conversion and operating
experience. Aswell as highlighting the most cogt effective approach to conversions, the guidelines
ensure that technically sound systems are built.

The report looks at the fundamenta s and principles of both digtrict heating and cooling including
energy sources, distribution and customer interface. Design considerations of these three main
components of district energy are described, aswell asthe benefits that district energy can bring to
the building owners, the municipality and the public.

Critical pointsin designing the interface between the building energy system and the district
energy system (energy transfer station) are outlined and are intended for use in the design of new
building systems aswell asfor conversions of existing buildings. Detailed schematics of energy
transfer stations are shown illustrating all components, including control equipment, heat
exchangers and energy meter. Energy transfer station performance is detailed with graphs showing
the impact of various parameters within adistrict energy system. The report also highlightsthe
considerations of design and operation of the secondary system or the system that uses the energy
from the district energy system.

The report also breaks down, step by step, the procedure to convert abuilding to accept district
energy. Theseinclude building survey and schematic design, energy consumption, compatibility,
costs, system optimization, construction schedul e, testing and commissioning. The suitability of a
given system to be converted is al so discussed.

The importance of a correct determination of the heating and cooling demand of abuilding is
stressed, because a proper sizing of the heat exchanger in the energy transfer station affects the
operation of the system in amgor way. Severa methodsto determine thisload demand vaue are
described. The optimization of the heat exchanger isalso very important becauseit formsalarge
part of the capital cost of the energy transfer station.

Some case histories of buildings connected to a district cooling system are described.
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3 Introduction

Part |

This part of the handbook is intended to assist engineers and contractorsin designing and
implementing the conversion of buildingsto chilled water based district cooling systems, for
example, the digtribution of chilled water at atemperature between 1°C and 4°C and a maximum
pressure of 1.0 MPa (150 psig). These guiddines are applicable to avariety of building types,
including residential, commercid, institutional and industrial.

These guidelines are focused on the types of conditions most likely to be found in North American
chilled water district cooling systems, i.e., serviceto avariety of building sizes and types,
applicable to both new and existing buildings. This handbook outlines both the indirect and direct
connection between the district chilled water and building systems. The conversion procedures
concentrate primarily on larger buildings with centralized chilled water systems.

The purpose of this handbook isto provide practical advice on converting buildingsin the most
cost-effective manner while ensuring that the system istechnically sound and provides reliable and
efficient cooling using adistrict cooling system. Thisreport is based on extensive experiencein
converting building systems and operating these systems with district chilled water.

It isassumed that the user of these guidelinesis an experienced heating, ventilation and air
conditioning engineer or contractor, and therefore this report does not address the general aspects
of building system design and ingtallation.

These guidelines are not intended to supersede any guidelines or requirements set by the district
cooling utility. Inal instances, the engineer should always consult the district cooling utility. The
design engineer shall be responsible for the detailed design, specification, and fina selection of all
equipment, systems, and components.

These guidelines follow the format of the |EA District Heating Handbook 1990.
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4 Fundamentals of District Cooling

Principlesof District Cooling
District cooling is a system in which chilled water is distributed in pipes from acentral cooling
plant to buildings for space cooling and process cooling. A district cooling system containsthree
major elements: the cooling source, a distribution system, and customer installations, aso referred
to asenergy transfer stations (ETS). These dements are depicted in Figure 4.1.
Digtrict cooling systems can be subdivided into three groups based on supply temperatures:

e Conventiona chilled water temperatures’; 4°C (39°F) to 7°C (45°F)

o lcewater systems.  +1°C (34°F)

e lcedurry systems. -1°C (30°F)
This report focuses on the conventiona and ice water based chilled water systems, which are

generdly designed for amaximum pressure of 1030 kPa (150 psig). A brief general discussion on
ice durry system technology is aso included.

COOLING
SOURCE

]

CUSTOMER
BUILDING

] ]

ENERGY
TRANSFER
STATION

HEAT EXCHANGER
(INSIDE BUILDING) OR

DIRECT CONNECTION
{ TO OTHER

Eﬁj

CUSTOMERS

~—FROM OTHER
CUSTOMERS

DISTRIBUTION
SYSTEM

Part 1 Figure 4.1: Elements of a district cooling system
4.1.1 Cooling Source

Chilled water istypically generated at the district cooling plant by compressor driven chillers,
absorption chillers or other sources like ambient cooling or “free cooling” from deep lakes, rivers,
aquifersor oceans. Cooling methods are discussed in more detail in Section 4.2.2.

! Refers to conventional temperatures commonly used in North America. Higher temperatures can be used in some cases.
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4.1.2 Distribution

Digtrict chilled water is distributed from the cooling source(s) to the customers through supply
pipes and is returned after extracting heat from the building’ s secondary chilled water systems.
Pumps digtribute the chilled water by creating a pressure differential (DP) between the supply and
return lines. Figure 4.2 illustrates the pressuresin asimplified distribution system with asingle
plant configuration, using variable speed pumps, during winter (Figure 4.2-a) and summer
conditions (Figure 4.2-b). The pump head (Py) is selected to overcome the flow resistancein the
supply and return lines plusthe pressure differential in the customer installation or energy transfer
station at the critical node of the system (Pc). For asystem with asingle cooling source, the
critical node isnormaly at the end of the system. For systems with multiple plants, the system
critical node typically varies depending on the operating mode and season. One or multiple
control valves, sized for alarge flow operating range responsive to the variations in the demand for
cooling in the building, governs the amount of water that flows through each building ETS.

a) W\NTiCOND\T\ONS SUPPLY

MINIMUM ————— RETURN
PRESSURE PRESSURE MARGIN

GROUND PROFILE

P, = PUMP HEAD
P = MINIMUM ALLOWABLE PRESSURE DIFFERENTIAL

b) SUMMER CONDITIONS

e SUPPLY
P E?
H
@> PC
Ll — RETURN
MINMOM | —
PRESSURE PRESSURE MARGIN

GROUND PROFILE
P, = PUMP HEAD
P. = MINIMUM ALLOWABLE PRESSURE DIFFERENTIAL

Part | Figure 4.2: Distribution system pressure differentials for a cooling system for winter and summer conditions

District cooling systems typically vary the chilled water supply temperature based on the outside
ambient temperature. Thistemperature reset strategy will allow an increasein the chilled water
supply temperature as the system cooling demand decreases, thus increasing the chiller plant
efficiencies and reducing the distribution energy losses/gains. Seasond hesat gains/lossesin buried
chilled water distributions syssems are generally small. Thisisdue to the normally small
temperature gradients between the chilled water in the pipes and the surrounding soil, particularly
prevalent in northern climate zones (i.e. Canada and northern US or Scandinavia). Hence, buried
district cooling piping systems are generally un-insulated, except for systems|ocated in warmer
climate zones where much higher ground temperatures are typicaly experienced.

It should & so be noted that some caution should be taken in regards to the supply temperature reset
strategy since the cooling demand is, to agreat extent, aso afunction of the relative humidity (or
wet bulb temperature). Thisis particularly important to keep in mind in humid climate zones
where the cooling load associated with dehumidification (or latent load) could be higher than the
sensible cooling load. Thus, the chilled water temperature needs to be supplied at a sufficiently
low temperature to achieve the desired dehumidification of the supply air, even at lower outsde
ambient dry bulb temperature conditions. Another limiting factor for the potential for chilled
water temperature reset is the guaranteed maximum customer supply temperature, which is
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typically stipulated in the contract between the energy supplier and customer. In extreme cases,
the contract iswritten without an allowance for any reset of the customer supply temperature (even
in the middle of winter), which greatly restricts the potential for resetting the district cooling
supply during low load conditions, and thus the potentid for improved system energy efficiencies.

An example of adistrict cooling system supply temperature reset curveis shown in Figure 4.3.
This example reflects an ice-based system with an outdoor design temperature of 31°C (88°F). The
curve would look different for non-ice based systems and for other climatic conditions. As per this
curve, the chilled water is supplied at 1°C (34°F) when the outside ambient temperature is 25°C
(77°F) or higher. The supply temperature is gradually reset up to 7°C (45°F) for outside
temperatures between 25°C (77 °F) and 0°C (32°F) and maintained at 7°C (45°F) for outside
temperatures below 0°C (32°F). Some district cooling systems would allow as high as 10°C (50°F)
supply temperature during low load conditions. It is aso common in some systems to control off
the customer return temperature (primary or secondary side of the heat exchangers) to ensure that
the desired (i.e. limit temperature outlined in the contract with the district cooling utility) is
achieved at al load conditions. Some caution should be exercised with thistype of control

strategy due to the long response time (i.e. the water hasto circulate through the whole system
before the new return temperature is recorded by the return water temperature sensor). The most
stable control is achieved by resetting the supply temperature based on the return temperature
deviation from the return temperature limit.

12°'C (54°F) ESTMATED RETURN TEMPERATURE _ _ _ _ _ _ — — — — — 12'C (54F)
10 _|
7C (45°F) N SUPPLY TEMPERATURE
CHILLED WATER 5 ]
TEMPERATURE
(0)
1°C (34°F)

OUTSIDE AMBIENT DRY BULB TEMPERATURE (°C)

Part | Figure 4.3: Typical temperature reset of the primary water in a district cooling system

4.1.3 Customer Interface or Energy Transfer Sation
Part | Figure 4.4: Typical ETS for indirect connection

The interface between the district cooling system and the building
cooling system is commonly referred to asthe Energy Transfer
Station (ETS) in North America. I1n some countries, different
terminology is used, for example, consumer substation. For this
report, the building interface will be referred to asthe ETS. The
ETS congsts of isolation and control valves, controllers,
measurement instruments, energy meter and crossover bridge, i.e.
hydraulic decoupler and/or heat exchangers (Figure 4.4 shows an
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example of atypical ETSfor indirect connection with two heat exchangersin paral€l).

The ETS could be designed for direct or indirect connection to the district cooling distribution
system. With direct connection, the district cooling water is distributed within the building
directly to terminal equipment such asair handling and fan coil units, induction units, etc. An
indirect connection utilizes one or multiple heat exchangers between the district system and the
building system. Figure 4.5 shows an example of abasic building system schematic for an indirect
connection.

Guidelines for both types of connections are addressed in Section 5 of this report with some
emphasis on indirect connections.
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Part | Figure 4.5: Basic building cooling system schematic

Design Consderations
4.1.4 General Considerations

When planning/designing a district cooling system, it isimperative that al & ements of the system,
for exampl e, the cooling source, the distribution system and energy transfer stations areintegrated
with the optimized system performance and economicsin mind. Thisis done to minimize costs
and to ensurethat the design of dl elementsis consistent with the system design parameters
(temperatures, pressures, €etc).

The successful implementation of district heating and cooling systems depends greatly on the
ability of the system to obtain high temperature differentials (AT’ s) between the supply and return
water. The significant ingtallation costs associated with a centrd distribution piping system, and
the physical operating limitations (i.e., pressures and temperatures) of district energy systems,
require careful scrutiny of the design optionsavailable for new and existing buildings HYAC
systems connected to adistrict energy system. Itiscrucia to ensure that the central district energy
system can operate with reasonabl e size distribution piping and pumps to minimize the pumping
energy requirements. Generally, it ismost cost-effectiveto design for ahigh AT inthedistrict
cooling system because this allows for smaller pipe szesin the distribution system. These
savings, however, must be weighted againgt higher building conversion cogts, which may result
from arequirement for ahigh primary return temperature.

Control of the AT’ s becomes particularly criticd for district cooling systems since they operate

with significantly lower AT’ sthan hot water based district heating systems (which typicaly
operate with design AT’ s>40°C). The minimum supply temperature for a system utilizing (ice-
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based) thermal storage and ice chillersis approximately 1°C (34°F). Without theice, for example,
centrifugal water chillers only, the supply temperature is typically limited to 4°C (39°F). The
corresponding return temperature, based on the experience from North American district cooling
systems, isat best 12°C (54°F) at peak operating conditions. The maximum system AT isthereby
only 11°C (20°F) at peak conditionsfor ice based systems and 8°C (15°F) for conventiona chiller
based systems.

The system design AT iscontrolled at the customer’ SETS, not at the plant. In order to optimize
the system AT, the flow from the plant will vary. Varying the flow aso saves pump energy for the
district cooling system, especially with a variable speed pumping configuration. Variable flow
operation is aso required in the customer HVAC system in order to maintain high AT’ sat partial
load conditions.

Any deviation from the design AT could have significant efficiency and operationa implications.
Thelow “AT syndrome” encountered in dmost every “red world” centra chilled water systemis
further discussed in Section 5 of this report.

The mgjority of digtrict cooling systemsin North America, providing chilled water for mainly air
conditioning needs, are designed for amaximum pressure of 1030 kPa (150 psig) and a supply
temperature between 1°C (34°F) and 4°C (39°F).

4.1.5 Cooling Sources

The cooling source can be either directly connected to the distribution system or indirectly
connected through heat exchanger(s). Thedirect system islimited to use where water isthe
distribution medium and where the water quality and pressure requirements are the same for the
cooling source and the distribution system. Indirect connection dlows the cooling source and
distribution system to be operated as separate systems with different temperatures and pressures,
alowing more design flexibility for both systems.

4.1.5.1 Vapour-Compression Chillers

V apour-compression chillers can be driven by eectricity, turbines or reciprocating engines. The
eectric driven (centrifugal or screw compressor) chillers are the most common in centra chilled
water gpplications. The mechanical chillerswould utilize R22, R-134a, R-123 or ammonia(in
positive displacement machines). Both R22 and R134a have areatively high globa warming
potentia, and may be phased out in the future. At thistime, only R22 has atime limit set for its
use (~2015). Notimelimitisyet in placefor R134a

Part | Figure 4.6: Typical screw compressor (courtesy of Mycom)
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Typica Coefficient of Performance (or COP) of conventional mechanical chillersisin the range of
4.0t05.0.

Chilled water systems can be configured with thermal storage to reduce the chillers' equipment
requirements and lower operating costs by shifting pesk load to off-pesk times. Chilled water
storage systems are generally limited to atemperature of 4°C dueto density considerations. Ice-
based storage systems can achieve temperatures aslow as 1°C. The lower temperature availablein
combination with the latent capacity from the ice melting reduces the volume of the ice-tank
significantly compared to a conventional chilled water tank. Thermal storage is described in more
detail in Section 4.1.5.5.

4.1.5.2 Absorption Chillers

Absorption chillersmay be classified asindirect fired or direct fired, in referenceto their source of
heat energy used. When absorption chillers are utilized in the context of an integrated member of
achilled water production system for adistrict cooling network, the use of indirect fired absorption
units are generally assumed due to their ability to utilize waste or surplus heat available. Direct-
fired absorption chillers will not be discussed in this narrative.

Some of the benefits of absorption machines over vapor compression chillers are;
o Lower dectrical requirementsfor chiller operation.
e Lower sound and vibration levels during operation.
e Ability to utilize recovered heat and convert it to cooling energy.
e Refrigerant solutionstypicaly do not pose athreat to ozone depletion of the atmosphere.

The two most common absorption systems employed in commercially available absorption chillers
are Lithium Bromide (LiBr) — Water and Aqueous Ammoniasolutions. In the case of the Lithium
Bromide — Water solution, the water isthe refrigerant, while for the Ammonia— Water solution,
the ammoniais the refrigerant.

The minimum chilled water outlet temperatures that are achievable from an absorption chiller are
dependent on the refrigerant system employed. A LiBr chiller can produce chilled water aslow as
4°C. The ammoniawater based absorption chillers may produce chilled water or mediawel | below
0°C. Thefind outlet temperature isalso afunction of the heat input temperature level. The
useable temperature levels for Lithium Bromide systems are 115°C — 205°C if aliquid is used, and
110°C — 185°C if steam or hot vapor is employed. Temperatures aslow as 85°C is used for some
smaller machines for waste heat applications.

The absorption chiller can be described by its number of “effects’ or the number of “stages’.
Effect is essentialy the number of times the heat input into the chiller isused internaly. Stagesin
an absorption chiller refer to the number of evaporator/absorber pairs operating at different
temperature level s within an absorption chiller.

Typica COP'sfor commercially available absorption chillers range from 0.65 to 0.8 for single
effect unitsand 0.9 to 1.2 for double effect units. Cooling output from the absorption chiller is
proportiond to the heat input, and therefore may be varied by varying the amount of heat input to
the chiller. In addition to the heat input, a source of cooling water is required to reject heat from
the unit condenser.

Asinal energy production systems and their applications, technical and economic viability must
be established prior to implementation. The experiencesin North Americaregarding the use of
absorption chillersfor district cooling applications indicate that it is very difficult to justify the use
of absorption chillers on an economic basis without a source of surplus or low cost waste hest
energy for input into the chiller, or a pecific technical reason that requires the use of an absorption
chiller.

Some typical applications for absorption chillersin some of the North American district cooling
systems involve using recovered hest from a reciprocating engine generator set, or utilizing the
exhaust steam from a steam turbine generator set. 1n both cases, heat from apower generation
process that would not normally be used in the summer, is converted and used to produce cooling.
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4.1.5.3 Deep Lake Water Cooling

The term Deep Lake Cooling may be used to characterize any large physicd body that could
naturally act as a source of cold temperature fluid or heat sink. In the case of awater body, where
thelocal climatic conditions and physical geometry of the water body allow the water temperature
to decreaseto ardatively low temperature leve, the water may be withdrawn and the cooling
energy extracted and used. The water would then be returned to its source.

In the northern United States and Canada, the temperature of water in alake or stream will be
variable with season at or near the surface of the water. If the lake or stream is deep enough, the
temperature of the water will begin to reach a minimum temperature that is essentially constant
throughout the year. Water from this temperature level may be used as a source of chilled water.
The chilled deep lake water may be employed directly in building cooling systems, or indirectly by
providing cooling energy through a heat exchanger to acirculating network of chilled water.

Asan example of the deep lake water temperature variation with depth, Lake Ontario, which isone
of thelakesin the group known asthe “Great Lakes’ in North America, is expected to reach a
water temperature of 4°C or lower at adepth of 80 meters. Thistemperatureis estimated to vary
by 1°C over the course of ayear. Thistemperature characteristic, a 80 meters of depth, has
prompted various studies and conceptual designs to be produced with the goa of determining how
best to utilize the chilled lake water for cooling buildingsin the City of Toronto, Ontario, Canada.

This source of cooling energy could displace many kWh of electricity consumed in the operation
of electric vapor compression chiller systems aswell as minimize the amount of refrigerants
employed within the City of Toronto itself.

In addition to the technica issues, the return of warmer water to the lake and its impact on the
local ecosystem must aso be evaluated.

In the Stockholm region of Sweden, several lake water cooling projects have been constructed over
the last five years, both from salt water and fresh water lakes. These systems areisolated from the
district cooling systems via heat exchangers. The chilled water temperatures achieved from the
“free cooling” source varies from 7 to 9°C during the cooling season. Most systems utilize
conventiona chillers or heat pumps to supplement the lake water cooling.

4.1.5.41cedurry

The concept of ice durry cooling isrelatively new in North Americaand no commercia-scale
systems are currently in operation. The concept involves making ice dush at acentrd plant and
pumping a 5-to-50%-ice crystal s-to-water mixture through a piping system to the end users. This
ice slurry mixture cons sts of asolvent and asolute. The solvent is commonly water and the solute
propylene glycol (5to 10%). Themain benefit of using an ice slurry working fluid isits high
trangport energy density. Theice durry system utilizes both sensible and latent energy transfer.
The latent energy is released during the phase change when the ice crystalsin the slurry are melted
to liquid water.

One of the challenges with thistype of technology is related to the pumping of the durry and to the
design of theinterface a the user end. In particular, for district cooling applications with extensive
piping networks, pumping over long distances could create complicated system hydraulics.
Equipment must be designed to accept the ice, water and glycol mixture. The costs of ice making
versus |owered distribution costs have to be considered carefully.

4.1.5.5 Therma Storage

Digtrict cooling systems can be configured with thermd storage to reduce chillers’ equi pment
requirements and lower operating costs by shifting peak load to off-peak times. The cool storage
ismost commonly sized to shift part of the cooling load, which alowsthe chillersto be sized
closer to the average load than the pesk load. Many dectric utilities offer lower rates during off
peak periods, and thus operating costs for eectric-driven chillers can be substantialy reduced by
shifting some |oads to off-peak periods.

Both ice and chilled water storage are used in district cooling plants. Chilled water storage
systems are generdly limited to atemperature of 4°C due to density considerations. |ce-based
storage systems can achieve temperatures of 0.5 - 1°C. Theice storage systems require
refrigeration equipment operating below 0°C (32°F), normd range—9 to —3°C (15 to 26°F). The
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heat transfer fluid for ice making may be arefrigerant or a secondary coolant, such as glycol or
some other antifreeze solution.

The storage volume depends on the temperature difference (AT) between the water supplied from
the storage and the return water. For most systems, the maximum deltais 11°C (20°F). The
storage volume of chilled water storage is aso affected by the degree of separation maintained
between the stored cold water and the warm water return. Thisfact is particularly important for
“dratified” chilled water storages, which rely on the tendency of water to form horizontal layers or
temperature zones (i.e. isotherms) based on the density of water. Ice therma storage usesthe
latent heat of fusion of water. The storage volume depends on the final proportion of theice to
water in afully charged tank. Theice storage reguires ¥z or less volume than chilled water storage
for the same capacity. Theice making chillers, on the other hand, operate with lower efficiencies
than conventiona chillers (COP’sin the range 2.5 to 4.1Vs 5.0 to 5.9 for chilled water®). Thus, the
economic benefits with ice storage systemsrely, to agreat extent, on the lower off-peak electrical
rates.

4.1.6 Distribution

The thermal capacity of the district cooling system is determined by both the rate of water flow
and the temperature differential (AT). A large AT dlowsfor the use of smaler pipes, which
reduces the capita investment for construction of the system. The system operating efficiency a'so
increases with an increased AT due to the reduced pumping reguirements caused by the reduced
flow rates and the reduced heat gains/losses in the distribution system.

Toillustrate thiswith an example, Figure 4.7 shows the relationship between AT and pipe size.
The exampleillustrated in the figure shows that the pipe size, based on a constant pressure gradient
of 150 Pa/m, decreases from 800 millimeters (32 inches) to 600 millimeters (24 inches) when the
temperature differential increases from 5°C (9°F) to 11°C (20°F) for aload of 50 MW (~14,000
tons). The peak pumping requirements (i.e. horsepower) would be reduced by over 50% with the
incressed AT.
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Part | Figure 4.7: Temperature differentials versus pipe diameter

The pipe sizing criteriafor the distribution piping system design is governed by the following four
key factors:

e ThesysemAT.

Maximum alowable flow velocity.

Distribution network pressure at the design load conditions.
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e Minimum differential pressure requirementsto service the most remote customer.

The system AT, as previously discussed, istypically limited to 8 - 11°C. The maximum allowable
flow velocities are governed by pressure drop constraints and critical system disturbances caused
by transent phenomena (i.e., water hammer effects). Generally, veocities higher than 2.5—-3.0
m/s (8-10 ft/sec.) should be avoided unless the system is specialy designed and protected to allow
for higher flow velocities.

The piping material commonly used in district cooling systemsiswelded stedl or polyethylene
(HDPE) piping. Both types of piping materia can normaly accommodate the required working
pressures and flow velocities. From an operational point of view, both types of piping systemsare
welded, which provides awatertight solution. Other types of material used are mechanica jointed
systems like FRP-piping, PVC or ductileiron.

Part | Figure 4.8: Typical direct buried piping installation

Direct buried distribution piping systems are normally installed un-insulated since the thermal hest
gaing/losses from/to the surrounding soil are generdly insignificant given the low ground
temperatures at the buried depth (larger than 600 mm) typically encountered. However, there
could be some potentid for excessive temperature degradation in the smaler line sizes (in
particular buildings service lines) during the cooling season. Therefore, these linesmay have to
beinsulated. Also, in warmer climate zones, it may be necessary to fully insulate the piping
system to avoid excessive heat gains and associated temperature degradation in the piping system.
Specid cons derations should be taken to the start-up phase of anew sysem if only afew
customers are connected. Since the distribution system typically would be sized for a maximum
load much higher than theinitial first phases, the flow velocitiesin themain lines could initially be
significantly lower than the design flow velocities. This could cause excessive temperature
degradation of the final chilled water supply temperature received at the customer end (ETS). One
way to get around this problem isto design for a higher primary chilled water supply temperature
for theinitial cusomers. However, if the temperature degradation istoo excessive, it may be
necessary to insulate part or al of the supply lines. Non-buried distribution piping should always
be insulated and have an adequate vapour barrier to avoid condensation on the piping surface.

4.1.7 Energy Transfer Stations

It isimperative that the building chilled water system is cgpable of providing high return
temperatures at al load conditions, thereby ensuring optimum district cooling return temperatures.
In order to achievethis, the terminal equipment (i.e., AHU coils, fan coil units, etc.) should be
designed for ahigh AT and for variable flow operation. Furthermore, the building side chilled
water supply temperature should be reset based on outside ambient temperature, for example,
variable supply temperature, similar to the reset curve shown in Figure 4.3. This helpsto optimize
the digtrict cooling system economics and allows customer savings (capital and operating) through
reductions in pipe sizes, smaller pumps, and reduced pumping requirements (reduced kWh usage).
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Benefits of District Cooling Systems

A district cooling system can offer significant benefits to acommunity. The three groups most
likely to benefit from district energy in acommunity are property/building owners, the
municipality, and society at large.

4.1.8 Property / Building Owners

A district cooling system alows the building owner to diminate their on-site chiller operation and
maintenance. By doing this, the building owner no longer needs to purchase utilities, operate and
maintain chillers, and replace chillers at the end of their life cycles. Because of the high
efficiencies that district cooling systems operate at, and their ability to utilize inexpensive or waste
energy sources, the building owners can expect more stability in their energy costsinto the future.

For future buildings that are constructed, the overall capital costs are reduced, when the cost of the
chiller room is eliminated; or the space allocated to the building chiller may be converted to
revenue generating space. The cost of insurance should aso be reduced to reflect the lower risk.

Digtrict cooling systems are built with standby cooling capacity to ensure that cooling is dways
available at the central plant. Digtribution systems are generally designed with multiple loops or
other back-up to provide additional religbility in distribution. Overall, the reliability provided by a
properly designed and constructed district cooling system is greater than most buildings can
achieveindividually.

4.1.9 Municipalities

A district cooling system aso provides significant benefits to the municipalities where they are
built. The most obvious benefit to the municipality is the significant amount of infrastructure that
will be added to the community. Thisinfrastructure will give the community a competitive edgein
attracting new development over other communities who do not have district energy systems.

A benefit that is often overlooked is the ability of adistrict cooling system to capture cash flows
that were previoudy leaving the community. Typically, energy expenditures leave the community
to pay for the natural gas and electricity that isimported. A district cooling system service
expands the opportunities of using local energy sources like combined heat and power to keep
more of the money, currently being spent on energy, circulating within the community.

4.1.10 Society

The development of adistrict cooling system is aresponse to the need to provide energy for the
futurein amanner that is consistent with the need to protect our environment. The production of
cooling from a centralized facility alows for improvementsin energy conservation. Energy
conservation and the wise use of fuel sources are the most cost-effective ways available to usto
reduce atmospheric emissions, global warming, and the rel ease of ozone depleting gases. Not only
can the quality of life be maintained without a significant increase in the cost of energy, but also
theinitiativeisin line with meeting the international protocols for a postive reduction of nitrogen
oxides (NO,) and carbon dioxide (CO,).

The underlying principles adopted for district energy are to provide a cost-effective, reliable,
efficient and environmentdly friendly service which not only benefits the customer, but aso the
public at large through lower emissions of NO, and CO, in the production of cooling.
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Introduction

This chapter describes key pointsin designing the interface between the building cooling system
and the district cooling system, defined as the energy transfer station, and discusses building
system design elements that are of relevance regardless of the type of building cooling system.
Thismaterid isintended for use in the design of new building systems aswell asfor conversion of
existing building cooling systems.

Section 5.2 describes, in detail, the components of atypical energy transfer station used for
indirect connections.

Section 5.3 describes in more generd terms the direct connection of building systemsto the district
system including guidelines for determining the criteriawhen direct connection could be
considered.

The discussion of secondary systemsin Section 5.4 is oriented toward large building systems but is
auseful reference for dl buildings.

All ETS equipment is selected, based on the contract pesk demand load for the buildings. Itis
important that thisvalueis as accurate as possible to avoid over-sizing the ETS. Normally, the
customer is charged amonthly demand charge (i.e. $/kW) based on the stipulated contract demand.
Thus, it isin the cusomer’ s best interest not to overestimate the building peak load.

Energy Transfer Station — Indirect Connection
5.1.1 Heat Exchangers

The heat exchanger is one of the major components of the energy transfer station. It istherefore
essential that the heat exchangers be carefully sdlected to provide the duty required, based on the
temperature differential (AT) and pressure differentid (DP) requirements dictated by the specific
district cooling system aswell asby local code requirements. In North America, it isquite
common for district cooling utilitiesto select or even provide the heat exchangers. In some
instances, the customer provides their own heat exchangersin accordance with a set of design
parameters, often outlined in an Owner Requirement Specification issued by the utility.

The allowable pressure drop (DP) across the heat exchanger is one of the critical parametersto be
considered for the selection criteria. The higher the pressure drops, the smaller and less expensive
the heat exchangerswill be. However, the DP should typically not exceed the chiller eveporator
pressure drop if the building’ s existing pumps are to be reused. |f the DP is higher over the heat
exchanger than the chiller evaporator, the system curve will be atered from the design conditions,
which could cause flow-baancing distortions in the secondary system. Another important
consideration isthe temperature approach, for example, differences between the heat exchanger’'s
district cooling side and the building side temperatures. Asdiscussed in Chapter 2, it isof utmost
importance that the system operates with amaximized AT. Based on this, aclose temperature
approach isrequired to minimize the temperature “loss’ over the heat exchanger.

Plate heat exchangers, dso known as plate-and-frame heat exchangers, as shown in Figure 5.1, or
flat plate heat exchangers, are the only type of heat exchangersthat can provide aclose
temperature approach (lessor equal to 1°C). Brazed plate heat exchangers, another type of plate
heat exchangers without gaskets, could aso be used for small buildings. Other types of heat
exchangers, i.e. shell & tubeor shell & coil, are not typicaly suitable for district cooling
applications since the required close temperature approach cannot be achieved with these units.
The physical sizes of these units would al'so be much larger compared to the plate heat exchangers.
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Part | Figure 5.1: Picture of typical PHE (courtesy of Alfa Laval)

In some cases, it may be necessary from asize regtriction and/or reliability point of view, to install
two heat exchangers (each designed for about 50-75% of theload). Thisalso tendsto improve the
partia load performance; however, the capital cost will be higher. The redundancy requirements
aretypicdly determined on an individual customer basis. Generally, the redundancy requirements
arelessfor abuilding serviced by district cooling compared to individua chiller operation since a
heat exchanger has no moving parts, and will not “break down” like achiller could.

When heat exchangers are connected in paralld for uniform load (see Figure 5.2), balancing valves
arenormally not required. However, isolation or shut-off valves for each heat exchanger are
required for preventive maintenance and emergency work. Adequate clearance must be available
on the sides of the units to remove/add plates for cleaning.
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Part | Figure 5.2: Principal connection methods for uniform flow

The required design pressure on the cold side (district side) of the plate heat exchanger istypically
1000 kPa (150 psig). On the warm side, the building chilled water system pressure will determine
the design pressure classfication. High-rise structures may have design pressures exceeding 2000
kPa (300 psg). Severd plate heat exchanger manufacturers can meet the high pressure
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requirements. No specia consideration to the gasket materia is normaly required for district
cooling appli cations due to the low temperatures and small AT variations.

Pipe strainers with screen/mesh as per manufacturer’ s recommendation must be installed at the
plate exchanger inletsto protect them from grit and debris.

5.1.2 Heat Exchanger Performance

Variable flow on both sides of the heat exchanger isrequired in order to maintain ahigh system
AT a dl load conditions. The following example illustrates what happensif the customer side of
the heat exchanger is constant flow and the district sdeisvariable.

The performance of a heat exchanger isafunction of severd factorsi.e. the flow rate, logarithmic
mean temperature difference (or AT), etc. Thus, the capacity isanon-linear function of the flow
rate due to theimpact of the AT. The effect of the non-linearity on the performance profile can
best be shown with an example. Figure 5.3 shows the constant secondary flow scenario and Figure
5.4 shows the variable flow scenario.
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Part | Figure 5.3: PHE performance with variable primary flow and constant secondary flow
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Part | Figure 5.4: PHE performance with variable primary and secondary flows

As can be seen from Figure 5.3, a abuilding load of 50% of design load and constant customer
side flow, the required digtrict cooling flow rate would be 75% of the maximum flow and the
resulting AT would be 5.6°C compared to the 8.3°C design AT. For the same building load with
variable flow (Figure 5.4) in the customer system, the required flow rate would be 45% of
maximum and the resulting AT 9.3°C, which is even higher than the 8.3°C design. This example
clearly shows the importance of having variableflow on both sides of the heat exchangers.

5.1.3 Controls

The controls are another major component of the energy transfer station. A great ded of emphasis
should be given to the sdlection of control valves and control strategy to ensure optimum
functioning controls. The objective of the controlsisto maintain correct chilled water supply
temperature to the customer and at the same time, provide high return back to the district system.

District cooling systems should be designed so that the primary and secondary water temperatures
vary according to the outdoor temperature (similar to curve shown in Figure 5.5). This control
strategy will reduce energy costs and optimize conditions for the control valves, while maintaining
comfortable interior temperatures. The key control components for atypical energy transfer
station are shown in Figure 5.5.

The wide range of flows, pressures, and load turndown requires specia considerationsin the
selection of control valves. The control valves must be selected for sufficient pressure drops to
provide high control authority. A “rule of thumb” isthat the pressure drop across the control
valve, at fully open position, should be at |east equal to thetotal pressure drop across the heat
exchanger, flow meter, and associated piping and equipment. If information on the actua
differentid pressure (DP) conditions a each ETS isreadily available from the district cooling
utility, thisinformation should be used to size the control valvesin lieu of the “rule of thumb”
above. The control vave should have a pressure drop through the valve equal to at least 50% of
thetotal available syssem DP. Idedlly, the rdationship between valve travel and heat exchanger
output should be linear. Valveswith an equal percentage characteristic do normally perform well
for this application. ETS's closer to the district cooling plants would have to withstand a higher
DP.

Itisessentia that the control valves be selected to match the building’ s actua therma |oads as
closdly aspossible. Oversizing reducesvalve life and causes valve hunting. Control valves should
be sdected with high rangesbility, low leakage, and proportional plusintegrating control for close
adjustment, accuracy and responsetime. Control vave actuators should have enough power to
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open and close under the maximum pressure differential in the system, and should be selected to
perform well with the characteristics of the heat exchanger.

For larger flow rates (larger than 51/s), it isadvisable to use two valves connected in paralld and
operating in sequence. For best control in most cases, the two vaves should be sized to handle
one-third and two-thirds of the total capacity. When redundancy requirements are high, for
example, multiple heat exchangersin paralldl, it may be advantageous to install separate control
equipment for each heat exchanger to provide a better turndown ratio and equal heat exchanger
loading. However, this could add significantly to the cost of the controls, and thus may not be
justified.

Electrically actuated control valves should remainin afixed (last) position upon power failure, and

should have a manua override function. Pneumatic actuated control vaves should fail open upon
loss of air pressure.
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Part | Figure 5.5: Heat exchanger and associated components

The control valvesare normally installed inthereturn line. However, itisalso fully acceptable to
install the valvesin the supply line sincetherisk of cavitation is small in district cooling
applications. However, it isimportant to note that the control valves are for temperature control
and are not intended to be used as pressure reducing valves.

Primary control vaves are one of the most important single e ementsin the interface with the
district cooling system, and proper valve adjustment and calibration will save energy. High
quality, industria grade control valves should be selected for more precise control, longer service
life and minimum maintenance.

Microprocessor—based el ectronic control systems, either direct digitd control (DDC) or
programmable logica control (PLC), are used for control, monitoring, and data acquisition at the
energy transfer stations (ETS). With the advances in the building automation industry over the last
decade, it has become more common for district energy systemsin North Americato incorporae
full remote control and monitoring capabilitiesinto the ETS design, often integrated with remote
energy metering. The remote control and metering is done by way of acommunication network
viaconventional cable, fiber optics, modem, or radio. The controls contractor typically provides a
“turnkey” for the controls and metering, including ingtall ation and commissioning of the
communication network. The control panel can be prefabricated and pre-wired to simplify the on-
siteinstdlation and wiring. Figure 5.6 showsatypical prefabricated ETS control panel with the
operator panel and energy metersinstalled in the front door panel.
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5.1.4 Energy Meters

Introduction? - The energy meter registers the quantity of energy transferred from the user’s
secondary system to the primary system. Cooling energy isthe product of mass flow, temperature
difference, the specific heat of the water, and time. It isdifficult to measure massflow in an
enclosed pipe system, so volume flow ismeasured. The result is corrected for the density and
specific heat capacity of the water, which depends on itstemperature. The effect of pressureis o
small that it can be neglected.

An energy meter consists of aflow meter, apair of temperature sensors, and an energy calculator
that integrates the flow, temperature data and correction factors. It isdesirable that the energy
meter be supplied as a complete unit; factory calibrated with stated accuracy performance ratings
in compliance with accepted metering standards.

Meter Types— The following are brief descriptions of the most common flow meters suitable for
district cooling use. Meters can be divided into two major groups: dynamic meters, which register
flow with the aid of moving parts; and static meters, which have no moving parts.

5.1.4.1 Dynamic Meters
There are two types of dynamic meters used in district cooling: impeler and turbine meters.

Impeller meters measure flow with the aid of straight-bladed impellers. There are two types of
impeller meters: multi-jet and single-jet.

Multi-jet impeller meters are very sensitive to impurities such as sand and sharp metal particles,
but are not sengtiveto flow disturbances. Thistype of meter is best suited to medium-sized
buildings but not for small buildings because it does not function well at small loads.

In single-jet impeller meters, the flow runs through a single nozzle directed tangentialy to the
impeller blades. Single-jet meters have properties similar to those of multi-jet meters, but they are
more suitable for small buildings because a very weak flow isenough to start the meter.

Inaturbine meter, theflow isawaysin thedirection of therotor shaft. “Woltmann” and “rotary
vane” meters are types of turbine meters. The accuracy of the meter depends on the flow profile
before the meter; so strong flow disturbances must be avoided. The flow is directed to the rotor
blades viafins.

2 The discussion on energy meters, particularly meter types, draws extensively from “IEA District Heating — Guidelines for Converting Buil ding heating Systems for
Hot Water District Heating” (1).

Part | Page 28 of 86



Part |

The weaknesses of thismeter areits high start-up threshold and rapid wearing of bearingsat high
loads and in dirty water. Turbine meters are suitable for high flows, but are not suitable for small
buildings.

5.1.4.2 Static Flow Meters

There are two types of static flow meters which are used in district cooling applications. magnetic
induction (MID) and ultrasonic.

The MID meter isbased on theinduction of voltage in aconductor moving in amagnetic field.
The conductor in this caseis water. The recommended conductivity is>5uS/cm. Generally,
district cooling water is conductive enough for MID metering. However, it is essentid that this be
confirmed in each specific case. Furthermore, the magnetite content of the water should also be
checked to verify that the recommended value of 0.1 mg/kg (maximum) is not exceeded.

The water flows through a pipe made of non-magnetic material with an exactly known cross-
sectional area. Electrodes connected to powerful €ectromagnets sense the flow. Thevoltage
induced inthewater is measured and amplified and the information is converted by the heat
caculator.

Experience with MID metersin district cooling has been good. Although their initid cost is higher
than dynamic meters, consideration should be given to their reduced maintenance and increased
accuracy.

Ultrasonic metering is based on changes in the propagation of ultrasonic waves caused by the
velocity of the flow. These changes are registered by measuring the time between the transmission
and reception of ultrasonic sgnals over an exactly known distance, or by measuring changesin the
frequency of reflected ultrasonic waves.

Recent experience indicates that ultrasonic meters are accurate and cost-effective for large flows.

Designing for Meter Installation and Maintenance - The flow meter could beinstalled in either
the primary supply or return pipe (see Figure5.7). In someinstances, it may be beneficia to
install the meter upstream of the heat exchanger and control vaves to minimize the possible
formation of bubblesin the flow stream, which could affect the meter accuracy. In most casesfor
dynamic meters, to ensure uniform flow and accurate flow measurements, there should be alength
of straight pipe 10 times the pipe diameter before the flow meter, and alength of straight pipefive
timesthe pipe diameter after the flow meter. Thisrequirement istypically reduced to half the
distance for static metersinstalled with reduced pipe size diameter. The district cooling utility and
meter manufacturer should be consulted for specific instructions.

Flow meters should not be installed in the low point of the piping system where dirt accumulates.
Similarly, they should not be instaled in the piping & the high point of the system, which would
cause ar to accumulate in the meter. To reduce wear on the bearings of adynamic meter, it is
important to fit the meter so that itsimpeller shaft isvertical. For magnetic meters, the pipes have
to be grounded. Signal cables should be well protected from externa disturbances.

Temperature sensors should dways be installed againgt the flow, with thetip of the probe situated
approximately in the center of the pipe. In addition, aproperly sized measurement housing for the
sensor and the water thermometer should beinstdled in the primary piping. Pipeincreasersor a
measurement housing will not be needed when sensor wells can be installed in pipe e bows or
when pipe diameters exceed 100 mm (4 inches). In smaller pipes, wellsfor heat meter sensors can
obgtruct the flow. The sensors' surroundings should aways be heat-insul ated; otherwise, heat
loss/gain from the sensors distorts the measurement. The sensors' wires should be of exactly the
same length, for example, matched pair, unless four-wire metering is used.

A MID meter should befitted so that it is as easy as possible to clean the pipe and electrodes. Dirt
on the electrodes creates an extraresstance that causes errorsin the voltage measurement.

MID meters are not very sensitive to flow disturbances. Manufacturers state that a disturbance-
free section of pipe, fivetimesits diameter before the sensor, is enough. They aso recommend
that a pipe section two timesits diameter should be free from disturbances after the sensor.
However, any meter is more accurate if the disturbance-free sections of pipe arelonger than the
recommended minimums.
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Meters are generaly supplied and installed under the supervision of the utility company. The
utility may aso supply atemporary spool piece, the same s ze as the meter, for ingtallationin lieu
of ameter until the system is clean and ready for operation or if the meter is removed for
recalibration. Meter sdection and sizing shdl be verified by the utility,-based on the information
supplied by the ETS design engineer. For proper meter slection, it is essentid that the utility
understands the building system operations under maximum and minimum flow conditions.
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Part | Figure 5.7: Typical installation of the energy meter

Part | Figure 5.8: Magnetic inductive flow meter (courtesy of Endress & Hauser)

North American Experience — The magnetic inductive (or magmeter) has
become the preferred flow meter in several district cooling systemsin
North America. The excellent accuracy, low pressure drops, good
rangesbility, aswell aslow maintenance can normaly justify the higher
cost for magmeters compared to most dynamic type meters. Figure 5.8
shows atypical industrid standard magmeter suitable for district energy
applications.

There are currently no performance standards in place for thermal meters
in North America. However, thereis an increasing awareness, both from
customers and utilities, that a standard would be beneficial to the
industry. There are internationa standardsin place like the OIML-R75 and the European Standard
EN 1434 that could be used as references.

5.1.5 Other Equipment

Pressure gauges, thermometers and shut-off valves should be installed to enable proper
monitoring, balancing and equipment isolation for maintenance (see Figure 5.5.).

A strainer with amesh of 1.2 mm (3/64 inch) or smaller, must beinstaled to adequately protect
the critical components (i.e. heat exchanger, flow meter, and control vaves). In order to determine
when the strainer should be cleaned, a pressure gauge should be connected to both sides of the
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strainer (see Figure 5.5). The pressure drop through the strainer must be considered in the system
design.

5.1.6 Location of Energy Transfer Station

The district cooling utility, in conjunction with the customer, should be consulted to determine a
suitable location for the energy transfer station and routing piping. Factors to be considered are the
location of the primary system distribution piping and maximum alowable elevation of the ETS
and associated primary piping. Thelatter isvery important since the syssem would have to be
pressuri zed to maintain a positive static pressure throughout the system. A high system static
pressure requirement will limit the maximum potential dynamic pressure in the system, and
consequently limit the system capacity.

The ETS, should preferably be located a the basement or ground floor level, adjacent to an outside
wal. Most commercid high-rise structuresin North America have the chiller plantslocated at the
penthouse level. Consequently, the chiller room istypicaly not a suitablelocation for the ETS.
Rather, suitable space has to be found closer to the ground level, possibly in an underground
parking garage, storage area or mechanical rooms located on alower level of the building.
Furthermore, arouting would have to be found for theinterconnecting piping from the ETSto the
existing secondary piping system headers. The room size should meet the local building code, and
be serviced by city water and drainage aswell as power at suitable voltage and amperage. The
equipment should be accessible for inspection and maintenance, including disconnection and
removal of equipment for repair or replacement. Personnel from the utility must be able to enter
the room unassisted, but the room should be locked to keep out unauthorized personnel.

Energy Transfer Station - Direct Connection

Direct connection of the customer’ s termina cooling equipment (such as cooling coils, induction
systems, etc.) to the primary distribution system isin some cases more economical than the
indirect method. In fact, the mgjority of the district cooling systems operating in North America
use direct connections or amix of both direct and indirect connections. Direct connection should
especiadly be considered in new development areas where buildings cooling systems could be
specifically designed for direct connection. Direct connection utilizes primary/secondary pumping
where the chilled water is pumped from the primary system (district cooling) to the secondary
system via abypass bridge or decoupler. Figure 5.9 showsatypica direct connection. The
guidelines outlined for indirect connections, including equipment selections, are also generaly
applicable for direct connections.
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Part | Figure 5.9: Direct connection of building system to the district cooling system
When designing a direct system, care must be taken to protect the safety of the customer

installation and the reliability of the district cooling system. Some of the advantages and
disadvantages with direct connections are summarized asfollows:
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Advantages:

e Capital savingsthrough elimination of heat exchangers and associated equipment, and
water treatment systems, for example, water treatment would be provided at the centra
plant.

e Reduced ETS space requirements.

e Potentia increased system AT, which could reduce the distribution system capital
investment cost and pumping requirements.

¢  Reduced equipment maintenance and potentia shutdowns for cleaning of heat
exchangers.

Disadvantages.

e Building design pressure has to be designed for the same pressure as the district cooling
system, normally 1000 kPa (150 psig), which could add capitd to the secondary system.

¢ Direct connection increases the opportunities for damage or cross contamination, which
could affect the entire system (both primary and secondary).

e Building specific water treatment requirements may not be met (i.e. water treatment
provided &t the centrd plant only).

Depending on the size and design of the main system, elevation differences, types of customers
and building systems, additional safety equipment such as pressure reducing vavesin the supply
line and pressure sugtaining vavesin the return line may be required.

Direct connection ismost suitable for smaller district cooling systems and/or where the static head
in the distribution system islow, which isthe casein areas with relativedy flat ground and low-rise
buildings. The feasibility of direct systemsis aso enhanced where most of the buildingsto be
served are designed and built with direct district cooling in mind.

5.1.7 ETSConnection Criteria

Thefollowing genera criteria could be used for determining indirect or direct connection of the
customersfor adistrict cooling system with adesign pressure of 1000 kPa (150 psg). Generdly,
buildings designed for a minimum of 150 psig can be directly connected, and buildings designed
for alower pressure will haveto beisolated via heat exchangers. A combination of direct and
indirect is also possible, where practical, to connect the lower floors (normally the first 15— 17"
floors (or approximately 60 meters [200 feet] elevation) of the buildings directly (i.e. uptoan
elevation corresponding to the return pressure in the distribution system), and indirectly (via heat
exchangers) for any floors above the 15-17" floor. In no case shall the customer’s building exert a
static pressure on the digtribution system greater than the return pressure in the system. The
specific connection criteriafor each building are to be determined at thefinal design stagein
coordination with the utility. The genera criteria can be summarized asfollows:

e Buildingswith chilled water systems designed for a minimum of 1000 kPa, and with a
height of no more than 60 meters (above grade or City Datum) can be direct connected.

e Buildingswith chilled water systems, designed for less than 1000 kPa, must be indirectly
connected or the existing system components upgraded to a higher pressure classto alow
direct connection.

e Buildingswith chilled water systems, designed for pressures other than 1000 kPa, with
penthouse chiller locations a aheight of more than 60 meters, or with basement chiller
| ocations with operating pressures exceeding 1000 kPa (and without the possibility of
isolating the upper floors) must be indirectly connected.
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e Buildingswith chilled water systems designed for minimum 1000 kPa and with a height
exceeding 60 meters el evation (above grade), can be directly connected up to 60 meters
and indirectly connected via heat exchangers for elevations exceeding 60 meters.

e Buildingsthat have systems contaminated with significant rust or chromates may require
aheat exchanger.

The above should be regarded as guidelines only, and the actual maximum alowable building
heights for direct connection is subject to detailed hydraulic analysisincluding static and total
system pressure evaluation.

Secondary Systems
5.1.8 General Considerations

As per Section 5.3, the direct connection of the buildings' secondary systemsshall only be
implemented if the secondary system can meet the district cooling system design criteria.
Otherwise, the building cooling system must be isolated by heat exchanger(s) from the district
system.

Secondary systems are often configured with several loops, with separate pumps serving sub-
circuitsthat supply different termina equipment, areas or even buildings. Generdly, itis
acceptable to connect these loops to one (or multiplesin paralldl) heat exchanger (see Figure 5.10).
However, thereisarisk for (potential) interactivity between the loops since the pressure drop
through the heat exchanger is normdly fairly high (50-70 kPa). Hence, in some cases, a
primary/secondary-pumping configuration with a bypass (or decoupler) between the heat
exchanger units (primary) and the distribution loop (secondary) may be required to eliminate this
potentid interference. Alternatively, each loop would have to be supplied by separate heat
exchangers. A certain degree of interactivity between theloopsis normally acceptable. The “rule
of thumb” isthat if the ratio of the pressure drop in the common resistance, for example, heat
exchangers and common piping, over the lowest pump head of the pumpsin the loops concerned is
< 0.3, theinteractivity isnormally acceptable. If this conditionismet, primary pumps are
generdly not required. For direct connections, the loops are connected to a common small
resistance (i.e., headers and bypass pipe) and thus the interactivity between the loopsis negligible.

There isusualy no advantage in connecting cooling loops with different temperature requirements,
for example, AHU cails, radiant panels, induction units, etc., to separate heat exchangers. The
different temperature requirements for respective systems are achieved using sub-circuits (shunts).
As per the above, separate systems may be advantageous when interactivity (between the various
loops) could be aconcern or when an added redundancy is required from a building operating
perspective. |f separate heat exchangers are used, care must be taken to ensure that all heat
exchangers are designed to provide primary return temperatures high enough to satisfy the
minimum requirements of the primary distribution system.

There could be some advantage in connecting loops with different temperature requirements (as
indicated in Table 3.1) in series rather than in parallel, which is most commonin HVAC system
design. The benefit of “cascading” the different loopsisto increase the mixed return temperature
(and the AT), and consequently reduce the overall flow requirements, both in the primary (district
cooling system) and in the secondary (customer system). Asan example, the chilled water for a
refrigeration condensing loop, with chilled water temperature requirements of 13°C or higher,
could be connected in serieswith a AHU coil loop, which normally returns water at 12°C or lower.
Even if the cascading concept isviablein theory, it is often not practical to implement dueto the
secondary system configuration and cooling load requirements. The largest cooling load for most
buildingsis associated with cooling and dehumidifying of the supply air. The AHU equipment is
typically located in numerous mechanical rooms, scattered throughout the building. In order to
take advantage of the potentiad cascading, the other cooling systems’, for example, refrigeration
condensing, induction, etc., pumping equipment would have to belocated in the same mechanical
rooms as (or adjacent to) the AHU coil pumping equipment. Furthermore, the load and flow
requirements for these systems (i.e. induction, etc) are typicaly significantly lessthan the AHU
chilled water system. Thus, in redlity, the cascading is normally limited to a selected few loops.
One other limiting factor isthe flow and AT cons derationsfor the cascaded systems. It is
generdly desirable to operate theindividud sysemswith aslargea AT as possible to limit the
flow requirements, and thus minimize the cost for the pumping, piping system, and termina
equipment heat transfer surfaces.
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Temperature reset control, based on the outdoor temperature, should be utilized in the various sub-
circuitsin the secondary system. Badancing valves should be installed for each sub-circuit on the
risers to balance the main secondary system.
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Part | Figure 5.10: Cooling system with multiple building zone pumps and sub-circuits
5.1.9 Building Secondary/Tertiary System Pumps

To maintain ahigh AT in the secondary system, it isimperative that the system is designed for
variable flow. This meansthat only two-way or three-way mixing control valves must be used in
the system. In order to fully utilize the potential operating savings, cregted by the variable flow
demandsin the system, a variable speed pumping system should be considered. Building cooling
systems designed with two-way valve controls on the cooling elements work well with variable
speed pumping systems.

Variable speed pumping may cost moreinitidly, but it saves energy and wear on the mechanica
system, in particular the control valves. Asshown in Figure 5.11, the pump head at 50% flow
conditions requires significantly lower head than the design (approximately 75% lower according
to the Affinity Laws). Without variable speed, the control valves would have to dissipate this head
difference (DeltaH) to change the operating point. Not only does variable speed reduce this pump
energy loss, it dso tendsto improve the controllability by allowing the valve to operate within its
optimum control range, which again reduces the wear and tear on the control valves and actuators.
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5.1.10 Air Handling Units Coils and Other Terminal Equipment

As emphasized in Section 6, high return water temperatureis an important design goal. Table5.1
shows common design temperature objectives for existing (“conventional”) and new (“optimum”)
building secondary systems, serving various types of cooling equipment.

Temperaturesin a specific case will depend on the supply temperature of the district cooling
system and other site-specific factors.

Part | Table 5.1: Common design temperature objectives

Existing Buildings New Buildings

Supply Return Supply Return

°c F °c F °c F °c F
AHU Coils 55-6.7% 42-44 | 11-12 52-54 | 3.3-44** 38-40 155 60
Radiant Panels | 15-18 60-65 | 1821 65-70 | 15-18 60-65 1821 65-70
Fan Coils 5567 42-44 | 11-12 52-54 | 3.3-44** 38-40 155 60
Induction Units | 13-15 55-60 | 1821 65-70 | 13-15 55-60 1821 55-70
Refrigeration | 1551 5570 1826 6580  13-21 55-70 1826 65-80
Condenser

*Typical design temperatures commonly used for HVAC systemsin North America.
** Minimum secondary supply temperature with an ice-based district cooling system.

The mgjority of cooling equipment used for cooling and dehumidification in HVAC systems
incorporates air handling unit (AHU) coilsor fan coil units (FCU). In North America, induction
systems are a so quite common in high-rise office buildings (perimeter system). Radiant panel
cooling hastraditiondly not been used for cooling applicationsin North America (more commonly
used for hesting) sinceit isonly suitablefor sensible cooling (not latent or dehumidification).
However, some applications, particular in drier climate zones, can be found, and the interest in the
technology is on therise due to the high thermal comfort and capital savings achievablewith
radiant cooling compared to traditional space-conditioning equipment.
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Based on the above, a secondary return temperature of 12°C (54°F) can be achieved in existing
buildings utilizing AHU cooling coils as the mgjor cooling equipment. For new buildings, a brief
review of the performance of standard AHU coils shows that the return can be increased to 15.5°C
(60°F) by increasing the number of rows (from the “standard” 4-6 rowsto 8 rows). Variable flow
and/or scheduled water temperature in the secondary system is an important element in achieving
high return temperatures.

Thelarger AT design will, however, require larger coils (increased heat transfer surface areas).
Theincrementa cost for the larger surfaceswill, normally, be offset by the smaller pipe sizes,
valves, pumps, etc. as well as reduced pumping requirements. In fact, for systemswith relatively
extensive piping, the incremental cost for the extra coil surface could be offset by the smaller pipe
sizesdone. Itisimportant that the benefits, both to the district cooling system and the building
owner, be identified to potentia district cooling customers at the design stage of the building
HVAC system.

To achieve the above return temperature at peak load conditions, aswell asto maintain ahigh AT
at partid load conditions, it isimperative that the system is designed for variable flow. Theflow
through the coils must be controlled by correctly sized, fully modulating two-way or three-way
mixing control vavesas shown in Figure 5.12.
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Part | Figure 5.12: Typical air-handling unit connection to secondary system

AHU coils are usually connected directly to the main secondary system. The control valve should
be closed when the coil is not required for cooling. Design temperature objectives are suggested in
Table5.1.

Fan coil units should be equipped with automatic or solenoid shut-off vavesif no other control
vavesareinstaled. Shut-off valveswill prevent water from returning without being cooled if the
fanisnot running. A solenoid valveisnormally connected to the fan contactor.

5.1.11 Water Treatment

In aclosed water loop with minimal make-up water requirements, chemical water treatment is
normally limited to neutraization of corrosive propertiesand control of scaling in heat exchangers.
For open ice-based systems, additiona oxygen scavenger and corrosion inhibitors may be required
than in closed loop systems. For direct connected systems, all water trestment is normally
provided at the centrd plant.

5.1.12 Expanson System
A water expansion system should beinstaled for every closed loop system. Any standard method,

such as an enclosed pressure vessel, can be used. For direct connected systems, the water
expansion and system pressurization will be handled from the central plant.
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Introduction

This chapter describes key pointsin thereview of abuilding's suitability for conversion to district
cooling, required modifications, and a brief discussion on the performance of terminal equipment
(i.e. cooling coils) and itsimpact on the digtrict cooling system performance.

The building conversion description in Section 6.3 through 6.6 will focus on larger buildingswith
centralized hydronic systems, and based on North American experience. Other cooling systems
commonly used in residences and other smdl buildingsi.e. single packaged A/C units, direct
expansion (DX) units, etc. will only briefly be discussed in this report. The suitability and
economics of converting these types of building categoriesto district cooling isgenerally not
favourable.

Cooling Systems Typesand Conversion Suitability

This section describes the different types of cooling systems used in commercial and public
buildingsin North America, and the conversion suitability of these systems. A building may
utilize one or more of the following types of cooling systems:

6.1.1.1 Chilled Water Systems

e Air Handling Unit Coils— Chilled water is supplied to cooling coilsin air handling units.
These units are normally configured for air cooling and dehumidification.

e Fan Coail Units— Chilled water is supplied to coilsin terminal equipment located in each
cooling zone. These units could be configured for air cooling with or without
dehumidification.

e Induction Units— Centra conditioned primary air is supplied to the induction unit
plenum. Medium/high velocity air flows through the induction nozzle and induces
secondary air from the room through the secondary coil, which is supplied with chilled
water from acentral source. These unitsare configured for sensible air-cooling only.

e Radiant Pands- Chilled water is circulated through pipes embedded in the floor, walls or
ceiling of the conditioned space. These unitsare configured for sensible air-cooling only.
These chilled surfaces then cool the surrounding space by convection and radiation.
Panels are described as radiant cooling panels if more than 50% of the heat transfer is by
radiation. These pands can be integrated into either a 4-pipe or 2-pipe digtrict energy
sysem. Comfort levels can be well maintained by controlling the radiant heat transfer of
each room.

6.1.1.2 Electric Systems

e Unitary Split-System Unit — A split system consists of an indoor (self-contained) unit
with an eectric-driven compressor system with air distribution and temperature control
with either awater or air-cooled condenser.

e Rooftop Units— Packaged air handling units for outdoor applications, include unitary
equipment ducted air distribution (for single or multi-zone applications) and temperature
control. The compressor-driven direct expansion (DX) refrigeration systems utilize
either reciprocating or el ectric-driven compressors. Units are often fitted with adirect or
indirect gas-fired heating section.

e Heat Pumps— Tempered water iscircul ated to individua water-to-air hest pump units
located throughout the conditioned space. The heat pumps can operae in either cooling
or heating mode (i.e. rejects or extract heats to/from the hydronic loop) and provides year
round heating and cooling.

e Packaged A/C Units- A fan unit with an electrica driven compressor refrigeration
system is used to transfer heat from a space; the evaporator cools the space while the
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condenser rejects heat to the outdoor air. These packaged units are completely self-
contained.

Generally, chilled water systems are relatively easy to convert to district cooling. Conversions of
electric systems are generally more difficult and costly. The relative suitability generally found for
each cooling system typeis summarized in Table 6.1. However, it isimportant to note that site-
specific factors can result in differences from these generdizations for a specific building.

Part | Table 6.1: Conversion suitability of cooling system types

Low Medium | High
1. Chilled Water

Air Handling Unit Coils
Fan Cail Units

Radiant Panel

Induction System

X X X X

2. Electric Equipment
Unitary Split-System X
Rooftop Units X
Heat Pumps X
Packaged A/C Units X

Section 6.3 presents agenera procedure, primarily for large buildings, for conducting the
conversion evauation and design. Conversion of specific types of termina cooling equipment and
distribution systems within both the two major categories of building cooling systems are then
discussed.

Procedurefor Building Conversion

The following procedure describes the different steps that should normaly be taken to assess and
implement a building conversion.

e Building survey and schematic design.

e Building peak cooling load and annual energy requirements.

e Component compatibility.

e Conversion concept and cost estimates.

e  System optimization and detailed design.

e  Construction schedule.

e Ingallation, testing and commissioning.
6.1.2 Building Survey and Schematic Design
A complete survey of the cooling system should be made. The purpose of the building survey isto
collect sufficient datato establish atechnica concept and associated costs to convert the building
fromindividud chiller operation to digtrict cooling. The survey should establish how the building
space is currently air-conditioned and the suitability for conversion to district energy. Generaly,
buildings with centralized chilled water systems are the most suitable for conversion asoutlined in
Table 6.1. Buildings with unitary electrical cooling equipment generally are not suitable for
conversion to digtrict cooling due to the very high conversion costs, which often do not warrant
any further assessment of these buildings.
Another important part of the building survey isto gather sufficient data and information to
determine the buildings' therma peak |oads and energy requirements. Thistype of information
and data entails annual gas and power consumption, chiller logs, chiller installed capacities,

operational experience aswell asinformation on building square footage, building category
(office, hotel, etc.), and operational schedules. Operating personnel should be interviewed to
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assess the equipment and system operation. Building operating engineers can provide vauable
information regarding the history of the equipment and al space conditions, such asthe proper
amount of ventilation and proper cooling distribution.

Locations of existing major equipment, for example, chillers and pumps, must be established to
determine a suitable location for the energy transfer station, and the routing of the digtrict energy
service piping. A review of the existing HVAC system configuration and controls should be
conducted to establish if any modifications are required to the existing system. Engineering
drawings and specifications are very helpful in tracking down mechanical equipment and system
configuration in alarge complex. However, existing drawings should not be completely relied
upon. In many cases, aterationsto theinitial desgn of asystem limits the usefulness of the
origina documents.

Unitary equipment (i.e. computer room cooling, rooftop units, etc), not connected to the central
system, must be identified since these types of systems are often not suitable for conversion. This
would have to be factored into the building’ s estimated thermal peak load and energy
requirements.

A schematic diagram of the existing system will help in defining the scope of work. Sketches of
the building cooling system piping help to focus the engineer’ s attention on each system
component.

6.1.3 Building Peak Cooling Load and Energy Requirements

A building's pesk load is avery important caculation. The district cooling system hasto be
designed to provide enough capacity to deliver each building's peak thermal needs during pesk
days. If the system is under-designed, the customer will not be happy with the system, asthe
building’ s occupants will obviously be uncomfortable during peak weather periods. If the system
is over-designed, then the capitd costs to deliver the cooling will be too high and could affect the
economics of the entire project.

The building’ s energy consumption must be determined, based on historical usage. In estimating
future cooling requirements, it isimportant to take into account the energy conservation impact of
the conversion to chilled water digtrict cooling. To establish an accurate estimate of each
building's peak capacity requirements, three different methods can be used. Obvioudly, the more
information that is available regarding each building's systems, the more accurately its peak
reguirements can be calculated. The three waysto calculate peak capacity are:

e Useawatts per square meter estimate based on climatic conditions and building type.

e Determine abuilding's current installed chiller capacity and how much of it is utilized
during peak conditions.

e Utilizeexigting electrical and gasload datain combination with degree-day dataand a
utilization factor.

Peak |oad must be estimated in order to size the heat exchanger and other components. The heat
exchanger should not be sized based on nameplate capacities of existing chillers or other
equipment, because this equipment may be oversized and implementation of energy conservation
often accentuates this factor. Oversized equipment is costly in terms of the initia purchase cost as
well as ongoing maintenance, and generdly does not provide good controllability.

Electrical use datamust be adjusted by a seasona chiller efficiency factor. Chiller seasonal
efficiencies (or Coefficient of Performance) range typicaly from 2.5 to 4.0.

The projected annual energy consumption should then be divided by a“ utilization hours’ factor to
derive apeak load. Utilization hoursis afactor which relates the pesk energy requirement to
annua usage for agiven building usage pattern and climate.

6.1.4 Component Compatibility

The age, condition and cooling source of each component of the existing system must be assessed.

The design supply and return temperatures of existing heat transfer equipment in achilled water
cooling system must be checked for compatibility with district cooling. The secondary system
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must be designed to optimize the size of the new componentsto provide a high chilled water return
temperature. Equipment can often be used asisor be modified quite easily to meet requirements.

6.1.5 Conversion Concept and Costs

The proposed conversion concept, designed to meet the specific needs of the building occupancy,
isthen established. The conversion should be as cost-effective as possible while meeting
performance requirements. Reuse of existing equipment is an important € ement in keeping costs
low. Conversion costs should be estimated to include the energy transfer station including
associated service piping, building system modifications, removd of existing equipment, asbestos
abatement, engineering, and construction management and commissioning support. A cost
comparison between district cooling and on-site cooling should then be presented to the customer,
normally in the form of aproposd. The cost-benefit analysis should include all costs associated
with on-site cooling, both capital and operating costs.

6.1.6 System Optimization and Detailed Design

Based on the above steps, a decision can be made to proceed with detailed design and construction
documents. The detailed conversion design should optimize the cogt-effectiveness of the system
without sacrificing the comfort of the occupants. System efficiency, equipment service life and
maintenance requirements should all be considered.

Selection of the cooling elementsin the air-handling unitsis critical for ensuring alarge
temperature drop, low air pressure drop and low water flow within the design limitations. In
preparation of the documents, engineers should make sure that existing equipment and piping is
isolated from new equipment for proper testing and cleaning.

6.1.7 Construction Schedule

When a building is being renovated for new occupancy, the construction scheduleis generally easy
to formulate. However, amore complex construction schedule is required for a building that will
be occupied during the cooling system conversion. Residentia high-rises, hotdls, and industria
plants with process |oads require precise construction schedul es.

Planning, construction documents and bidding for an occupied building should be in place about
three months before actual construction begins. The schedule will depend on the size and
complexity of the project, equipment deliveries, and work force.

6.1.8 Testing and Commissioning

Proper testing, balancing, and adjustment are imperative for energy efficiency. Equipment should
be tested to determineif it meets the design specifications. Experienced and qualified personnel
should implement testing, balancing, and adjustment with centrd calibration. The organization
that will test and calibrate the equipment should be independent from the installation contractor
and should preferably be hired directly by the building owner.

If new larger chilled water cooling coils (with additional rows) areinstdled in existing air handling
units, the air pressure drop could be higher than with the original coil configuration. Therefore,
fan adjustments are necessary to deliver the proper air volume and temperature.

Itisimportant to install adequate test portsin piping at each cooling coil for inserting pressure and
temperature sensors for balancing the hydronic system. Proper balancing is extremely important
for energy conservation aswell as to ensure comfort and minimize operating costs.

Control systems can often be kept in their origina configuration, but control valves may haveto be
changed. It may be advantageous to upgrade control systems for additiona energy conservation.

Low AT Discusson

6.1.9 General
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As per the previous discussion, optimization of the system AT iscritical for the successful
operation of adistrict cooling system. The customer AT must be ableto comply with the design
parameters of the system. Failure to meet thedesign AT requirements could affect both the
customer and district cooling system capacity and efficiency. Thelow AT problem should aways
be part of the building conversion evaluation. It isgenerally not advisable to determine the
secondary system AT based strictly on design specifications. Information on the actual operating
AT conditionsiscritical. Therefore, information provided by building operators and/or retrieved
from chiller logbooks areimportant sourcesin this regard.

6.1.10 Low AT Causes and Mitigation

The performance (or lack of) of the existing cooling coils and control valves creastesthe low AT
problem. Thefollowing are some of the causes of, and mitigation stepsfor, thelow AT problem.

Improper Set point (or Poor Controls Calibration) - This problem is created when the supply air
set point islowered from the design set point, often in response to complaints from occupantsin
the building. The cooling valve will open to increase the flow rate through the coil, which again
will lead to a corresponding decrease in AT. The effect of thisisillustrated in Figure 6.1. Ascan
be seen from this curve, amodest drop in the supply air set point from 13.3°C to 12.8°C can cause
a50% increase in the coil flow rate and AT to drop by 30%. Infact, alowering of only afew
degreesto the air supply temperature may cause operating conditions, which no flow can ever
satisfy (even with the control valve 100% open). Thisislikely the greatest single cause of the low
AT syndrome.

Mitigation— Check set points and recalibrate controls regularly. In some cases, the set point

changes may be permanent due to an increased cooling load in the space served by the air handling
unit. In this case, the corrective action may include a complete coil change.
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Part | Figure 6.1: Generic coil performance for varying supply air temperature

Three-way Control Valves or Improperly Szed (or worn) Two-way Valves — Three-way (diverting)
valves, by their nature, bypass supply water into the return to control temperatures at the load.
These systems operate with virtually constant flow, which is detrimenta to the system AT.
Likewise, oversized or worn (i.e. "wire drawn”) two-way valves may act asthree-way vaves
which can lead to “hunting”. Thismeansthat the valves aternately open and close, causing over-
and under-shooting of the set point. Thisresultsin very unstable operation. Another problem
could be undersized actuators with an insufficient close-off pressure rating which can cause the
valve to open when that is not intended.

Mitigation— All three-way (diverting) valves must be replaced by properly sized two-way, fully

modul ating valves to achieve variable flow conditions. Plugging the bypass port does not usualy
offer agood engineering solution since the three-way valve actuator spring range ratings are not
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adequate to close against the system pressure. In addition, the existing valves may be oversized
which can cause unstable operation (“hunting”).

Reduced Coil Effectiveness— Coil heat transfer effectivenessisreduced by waterside fouling (i.e.,
slime, scale or corrosion on theinside of the coil tubes) and airside fouling (i.e., dirt build-up).
Any reduction in coil effectiveness increases the flow rate of water required to deliver the desired
leaving water temperature, thus reducing AT.

Mitigation— Waterside fouling is easily controlled by proper water treatment. Since the chilled
water piping ismost often a closed system, water treatment need not be an ongoing expense.
Reduced airside fouling isavery good reason to consider increasing thefilter efficiencies.

Chilled Water Systems
6.1.11 Chilled Water Distribution

Centrd chilled water systems are configured as closed loop systems, utilizing pumps to provide
circulation. The pumping configuration could be configured with or without primary chiller
pumps, for example, direct primary or primary/secondary pumping configuration. The piping
configurations are either:

Direct return: A circulation system routes water back to the primary heat exchanger viathe
shortest path from each appliance.

Reversereturn: A circulation system uses areturn piping path from each appliance such that
all circuits are of equal pipe length, i.e. self-baancing.

Conventiona chilled water systems can use district cooling with few changes. However, such
systems should be evaduated for suitable temperature drop.

Existing terminal units should be investigated for impact of changing water temperatures and
flows. The chilled water flow in the customer’s side must be variabl e flow to be varied based on
the load swings, preferably with variable speed pumping. The terminal units, within the building,
connected to the customer’ s chilled water loop (i.e. air handling units, fan coils, etc.), may require
modifications and therefore operate with variable water flow (two-way control vaves, etc.). This
ensures maximum return water temperatures.

Existing coil rows, fin spacing, tube velocity, and circuiting should be investigated to determine
any impact (potential reduction of capacity) to the existing HVAC system. Besides removing
three-way control vaves, the most effective method of increasing the leaving water temperature
(LWT) of acooling coil isto lower its entering water temperature (EWT). Thiseffect isillustrated
in Figure 6.2. Ascan beseeninthisfigure, if the EWT to the coil islowered from the 5.6°C
(42°F) origind design to 3.3°C (38°F), the AT should increase from 5.6°C (10°F) to 8°C with
virtudly no impact on the coil capacity.

130% 1
BASE DESIGN SCENARIO
Water Delta T = 5.6 C (10 F)
EWT=56C (42F)
EAT =29 C (84 F) Db
22C (72 F) Wb

120%

110% 4

lations generated with
ne selection software

100% -+

90% A

80% -

70% A

CAPACITY (% OF BASE TOTAL,

60% -

50% T T T T T T
5 6 7 8 9 10 11 12
WATER DELTA T (DEG C)

e E\V T=5.6 C ===lll===E\NT=4.4 C EWT=3.3 C ===@mmE\WT=2.2 C

Part | Figure 6.2: AHU coil performance for variable flow and supply air temperatures

Page 42 of 86



Part |

The building’ s secondary water systems will experience some additiona pressure drop through the
building interface (heat exchangers and piping). In particular, buildings with penthouse chiller
room locations may require extensive interconnecting piping and thereby higher system resistance.
A potentia for an increased system AT, with district cooling, dueto apossible lower supply
temperature (in particular with ice based system), and the resulting reduced flow requirements may
compensate for the increased system resistance (lower flow rate would move the system operating
point higher up on the pump curve). Thiswill have to be determined for each building
individualy, at the design stage.

6.1.12 Radiant Panel or Induction Systems

Normally, existing radiant panel systems are compatible with district cooling. The temperature
requirements are normaly 15°C or higher, for example, temperature should be maintained at | east
0.5°C higher than the room design dew-point temperature to prevent condensation on the room
side of the pands. Infact, thereisapotentia to connect the radiant panel system in series (cascade
connection) with the chilled water loop serving air handling units cooling coils since the return
temperature from the coils would be suitable for the panel 1oops.

Two-way control valvestypically control the panel elements. In some cases, three-way vaves
may be used. Even with three-way valves, modifications to the controls would typically not be
required due to the high temperature requirements of panel cooling systems.

6.1.13 Induction Systems

Induction system temperature requirements are very similar to that of the radiant panels, and
normally require no modifications to be compatible with district cooling.

6.1.14 Air Handling Systems

Temperature requirements must be checked, but normally there will be no problem in connecting
cooling coils and other exigting chilled water elementsin the air handling systems. Asnoted
above, if athree-way valve controls an dement, the valve must be replaced by two-way

modul ating valves to provide variable system flow. Vave size must be checked for adequate
pressure drop compared to system design.

Furthermore, the performance of the existing coil must be reviewed, and acoil replacement may be
required to meet the AT requirements of the district cooling system.

6.1.15 Fan Coil Units

Again, temperature requirements must be checked, but normally there will be no problemin
connecting afan coil unit. An automatic shut-off vave (i.e., solenoid vave) should beinstaled in
the chilled water supply to only allow water flow through the coil when the fan ison.

Electrical Systems
6.1.16 Rooftop Units

Package air handling units, air make-up units, or blow-through units are used to cool make-up air
in warehouses, shop areas, etc. They can befactory-assembled or site-assembled, and have a
blower, direct expansion (DX) refrigeration unit, filter and fresh air and return air damper sections.
They can have extensive ductwork for air distribution or they can be roof-mounted with air
discharge directly into the room below or through a short duct.

These types of systemsare generally not good candidates for conversion due to the very high
retrofit cost. Itis, however, technicaly feasible, and a conversion would entail replacing the DX
system with achilled water coil and installing a centralized chilled water piping system. When
sdlecting the chilled water cooling coil, the air pressure drop should be minimized. Air handling
units are normally selected with minimal air resistance. Coilswith alargeair pressure drop might
require replacement of the motor pulleys and sheaves to handl e the additional pressure drop.

Freeze protection would have to be provided at the unit or aternatively the chilled water loop
would have to be drained down in the winter.
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6.1.17 Heat Pumps

Unitary water-to-air heat pumps connected to arecirculating water loop are most commonly used
in large office complexes with large interior gpaces. The system provides decentralized, year-
round heeating and cooling by continuoudly circul ating non-refrigerated water throughout the
building.

The water temperature is maintained throughout the year in an approximate range between 18°C
(65°F) and 35°C (95°F). At the low end of this range, additiona hest is needed from a
supplementd heat source such as a heat exchanger, electric boiler or fossil fuel boiler. During the
cooling season, heat is dissipated from the unit into the circulated |oop and rejected to the outdoors
through a cooling tower.

These types of systemsare not suitable for a conversion to district cooling. The only (redlistic)
potentiad isto provide chilled water for heat rgection (condensng) purposes, which would
eliminate the need of the cooling tower. A full conversion to district cooling would require very
extensive retrofits, including replacing all the heat pumps with fan coils and install ation of anew
two-pipe system for chilled water distribution.

6.1.18 Packaged A/C Units

These types of units cannot be converted and must be replaced with hydronic units (i.e. fan coil
units) connected to anew centralized chilled water distribution system.

Other Considerations
6.1.19 Recapturing of Space

Digrict cooling equipment requires much less space than chillers and associated equipment.
Conseguently, space can often be recaptured for other useful purposes. This should be taken into
consideration in the layout of the new installetion.

6.1.20 Saffing and Management

The equipment in the building energy transfer station requires minima staff attention for operation
and maintenance. The regular building maintenance personnel can monitor dl equipment except
the meter, which isusually maintained by the utility. Thereis no practical need or regulatory
requirement for full or partial attendance by licensed operators, as would be the case with chiller
operation. Compared to chiller operation, district cooling will save labor and maintenance costs,
and thereis a potentia for additional savingsin administrative and insurance costs.

A schedulefor preventive maintenance of the equipment in the energy transfer station should be

devel oped based on manufacturers' recommendations. Good records on consumption,
temperatures and pressures are hel pful tools in a preventive maintenance program.
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CaseHistory 1 - BNC AMERICANA Building, Houston, Texas, USA
7.1.1 Existing Cooling System

The BNC AmericanaBuilding islocated at 811 Dallas Street in Houston, Texas. The 185,000-ft2
(17,200 m?) commercial office building was built in 1961 on top of afive story parking structure.

Part | Figure 7.1: Exterior view of Americana building

There are 10 floors of office space above the
garage and one level below the garage for
multipurpose use. The generd building hours
of operation are 5:00 am to 6:00 pm weekdays
and 5:00 am to 2:00 pm Saturdays. Thereare
data centers or 24-hour loads in the building at
thistime. The origina centra plant was|ocated
on the 15™ floor of the office building. There
were two 340 Ton (1196 kW) Refrigeration
(TR) Trane centrifugal chillers piped in series.
Both chillers utilized R-11 refrigerant and were
origina tothebuilding. A dua cdl Marley
cooling tower installed in 1992 was | ocated on
the roof of the centra plant. From discussions -'n'sp,r:;
with the building’ s operationa staff, we
edtimated that two chillers at 75% load were
required to meet the peak summer day cooling
requirement with the building at 90%
occupancy.

The building’s chilled water distribution system
was designed around constant speed primary
pumping system with al water digtributed to a
largefield erected custom air handling unit (AHU) and asmaller outsde air handling unit
(OAHU), both located adjacent to the chiller room. The original chilled water air handling unit
coil was designed at Entering Water Temperature (EWT) of 44°F (6.7°C) and Leaving Water
Temperature (LWT) of 54°% (12.2°C) conditions. The large AHU has adual duct configuration
(both hot deck and cold deck ductwork are distributed from the same unit) and is routed through a
singular verticd shaft adjacent to agtairwell. The smaler OAHU had athree-way control valve;
however, the larger AHU did not have a control valve. The origina AHU supply air temperatures
were controlled by adjusting the leaving chilled water set point by energizing a number of chillers.

7.1.2 Conversion

Part | Figure 7.2: ETS location before installation

After successfully negotiating a 20 year
chilled water delivery agreement, we
analyzed numerous service adternatives
to the building. Due to the height of the
building and the static pressure available
from the district cooling distribution
system pumps, it was advisableto find a
location for the plate and frame heat
exchanger aslow aspossible. The
Energy Transfer Station (ETS) was
located on the street level of the parking
garagein a22 feet long by 10 feet wide
by 10 feet high existing storage space
located at the parking garage entrance.
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The arealocated directly below thislocation was atenant print shop. The district cooling service
lines were routed in the ceiling cavity of the print shop and through the floor of the garage to the

heat exchanger. An ETSroom was constructed to enclose the heat exchanger and protect it from
the ambient conditions.

Part | Figure 7.3: ETS after installation

Since the building’ s chilled water distribution system was 1’
confined to the 15™ floor, we installed customer connecting .
piping from the heat exchanger to the customer chilled " &
water loop on the 15" floor. From the ETS room on the ;
street level, the connecting piping was routed through an
opening in the center portion of the ramp of the parking
garage. Once the piping was a the underside of the 6
floor office level, it was offset laterally and entered the
building in the janitor’s closet adjacent to the stairwell.
Since these janitor’ s closets were stacked above each other,
we core drilled each floor and routed the connecting piping
up to the ceiling cavity of the 15" floor. The piping was
routed to the 15" floor mechanica room and connected to
the existing chilled water header and a new building
chilled water circulation pump.

The customer’ s origina design wasto instal anew central
plant, which was estimated to be over $560,000. The
building owner a so avoided additional maintenance,
operation, water, chemical, insurance, refrigerant and
electricity cods.

7.1.3 Recommended Cooling Equipment

The original load estimate for the building was 500 TR (1758 kW); however, the building owner
performed multiple energy retrofit projects to decrease the building load requirementsto 450 TR
(1583kW). A single 450 TR (1583 kW) heat exchanger was installed with future frame capacity to
accommodate 600 TR (2110 kW). The following table represents the heat selected for the building
connection:

Part | Table 7.1: Heat exchanger selection for BNC Americana

Cold Side Conditions Warm Side Conditions
Load Flow EWT LWT Delta P Flow EWT LWT Delta P
HX TR GPM °F °F psig GPM °F °F psig
Type Qty (kw) (L/s) °Cc) (°c) (kPa) (L/s) °c) (°Cc) (kPa)
ALFA 1 400 533 34 52 6.38 685 54 40 9.93
LAVAL (1407) (33.6) (1.1) (11.1) (44) (43.2) (12.2) (4.9) (68.5)

The heat exchanger is de-rated by approximately 10% of the building total load in order to enhance
part load performance for the heat exchanger.

One of the energy projects mentioned above, was converting the existing air distribution
equipment to aVariable Air Volume (VAV) system. The building owner installed alarge Variable
Speed Drive (VSD) on the AHU fan motor alowing the chilled water coil to be re-selected for
lower entering water conditions, thus lowering the cold deck leaving air temperature and reducing
the required volume of air to cool the building. The lower temperature water also allowed usto
install a40 Horsepower (HP) (30 kW) chilled water pump, which was smaller than the origind 60
HP (45 kW) chilled water pump. In addition, achilled water control valve wasinsta led to
optimize temperature control and maximize the return water temperature. Both the new chilled
water pump and control valve were linked to the new building automation system the building
owner installed.

7.1.4 Conversion Costs— (2001%)

The following table summarizes the cost of converting the existing building to the district cooling
system:
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Part | Table 7.2: Conversion cost estimate

ITEM COST (US $)
Heat Exchanger with Shroud and Accessories $ 16,650
Heat Exchanger and Controls Installation, Piping, and Wiring $ 73,500
ETS Controls (Flowmeter, Temperature Sensors, PLC) $ 15,845
ETS Room (Walls, Door, Fan, Lighting) $ 10,400
Janitors Closet Ceiling Restoration and Core Drill Clean-up $5,854
Fiber Optic Cable Link Up $3,775
Cathodic Flange Isolation Kit $500
Customer Connecting Piping and Valves $92,583
New Building Circulation Pump $6,488
VSD for Pump plus Electrical $9,180
AHU Control Valve $2,785
Print Shop Ceiling Repair Work and Carpet Repair $ 1,500
TOTAL COST $ 239,058
7.1.5 Results

After one year of operation, the estimated savings experienced by the building owner is
approximately $84,000. The following analysis summarizes the cost savings breskdown for the
building self-cool option versus the district cooling option:

Part | Table 7.3: Saving analysis summary

One Year Service on Northwind System: AMERICANA
Peak Tons (Contracted) 450
Estimated EFLH 2,459
Total Actual Ton Hours (MWh) 646,204 (2,273)

Self-Cooling Costs: (One Year Service)

Electricity $ 73,147
Water/Chemical $ 14,490
Maintenance $ 27,000
Insurance $2,040
Refrigerant $ 288
Operation $ 23,660
Proposed Base Capital $ 560,000
Annual P/l (@9.5%, 20 years) $31,776
Total (To-Date) Self-Cooling Costs $172,401
Blended Self-Cooling ($/ton) $0.27

Northwind Cooling Costs:

Capacity Charge (Actual) $ 21,342
Consumption Charge (Actual) $ 71,955
Electricity $6,522
Low Temperature Air Side Savings $(11,472)
Total Annual Northwind Cooling Costs $ 88,346
Blended Northwind Cooling ($/ton) $0.14
TOTAL ANNUAL SAVINGS $ 84, 054

Note the consumption rate for the building is less than estimated since the building is currently not
fully occupied due to building renovation projects.
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CaseHistory 2—Kv. Gréavlingen (an office and retail building), Stockholm, Sweden

7.1.6 Summary

This Case Study discusses the cooling system conversion of Kv. Gravlingen, an office and retail
building in Stockholm, Sweden, from cooling with its own chillers to connecting to a district
cooling system. It was one of thefirst buildings to be connected to the district cooling system in
1994. It was built between 1974 and 1975 with acooled areaof 27,000 m? (290,000 ft?). The
building variesin height between 6 and 10 floors above ground level and has 3 floors below
ground level.

The building was first directly connected but was remodeled in 1999 to beindirectly connected.
The main reason for this change was the expans on of the district cooling system and the necessary
upgrade of the system’s pressure rating from 6 bars (87 ps) to 10 bars (145 psi) while the
building’ sinterna cooling system was only rated for 6 bars.

The project included these activities:
e Demoalition of existing chillers (2) and cooling towers.

e Provison andingallation of al necessary interconnecting piping between the district
cooling and the building's cooling system.

e Replacement of dl control valvesto convert the system to a variable flow system.

When first operating the system, there were some problems controlling the chilled water supply
and return temperatures. The system was difficult to control because of itslong responsetime.
With too low of areturn temperature from the customer (secondary side) system, the origina
control sequence shifted to controlling the return temperature according to the set minimum return
temperature. Reprogramming the control sequence to reset the supply temperature, based on the
return temperature deviation from the return temperature limit, solved this problem.

7.1.7 General

Converting a building from acooling system using its own chillersto adistrict cooling system is
similar to connecting a building to adistrict heating system. Both origina systems have their own
production units and a congtant flow system. During conversion, it isvery important to diminate
all three-way valvesthat are common in constant flow systems, as they return unused energy back
to the chillers, which is not preferable for adistrict cooling system. By eliminating all the three-
way valves, the system will become a variable flow system.

7.1.8 Building Cooling System Description Prior to Conversion

The building produced chilled water with dectrical centrifuga chillers and the condenser water
was cooled with cooling towers |ocated on the roof.

e Thesystem utilized asupply temperature of 6°C (43°F) and areturn temperature of 12°C
(54°F).

e Thetota chiller capacity was 1200 kW (~340 tons), split up between two electrica
centrifugal chillers of 600 kW (=170 tons) each.

The building’ s cooling demand was established from tenant space and process loads. Calculaions
indicated that the peak cooling load was the same as the origind instaled chiller capacity.

When cdculating the cooling load, normally factors like transmission heat gains, solar radiation,
building’ sthermd inertia, people and internal |oads are taken into consideration. In addition, the
latent cooling load for dehumidification at the cooling coils was important to consider in this case.

The building was only cooled by air through air-handling units. Three-way diverting vaveswere
controlling the chilled water flow at each air-handling unit to maintain a specified minimum flow
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through the chillers. The pumping configuration was direct primary with no secondary pumps for
each air-handling coil .

The building was converted to district cooling because the existing equipment was at the end of its
economical lifecycle (20 years old) and the aternatives were either to replace the existing
equipment or convert to district cooling.

7.1.9 Building Cooling System Description After Conversion

The building was at firgt directly connected to the district cooling system, without a heat
exchanger.

7.1.9.1 Conversion Budget

The conversion did not exceed the budget cost that was made in 1994. The budget cost was
caculated to be 300,000 SEK (US$30,000 with an exchange rate of 1 US$=10 SEK), and included
the following:

e Demalition of exigting chillers (2) and cooling towers.

e Provison andingallation of al necessary interconnecting piping between the district
cooling and the building’ s cooling system.

e Replacement of dl control valvesto convert the system to avariable flow system.
7.1.9.2 Secondary System Modifications

The conversion required the building’ s supply temperature to be changed to match the district
cooling system supply. Aswell, the return temperature had to be adjusted to meet the district
cooling requirements. The new supply and return temperatures for the building were 7°C and
16°C (45°F and 61°F), respectively. The higher differential temperature reduced the capacity of
the air-handling units by gpproximately 15%. The air-handling units could therefore only deliver
1000 kW instead of 1200 kW &fter the conversion.

The capacity reduction resulted from the decrease in heet transfer from the ar to the water in the
coils dueto thereduction in flow. During the summer season, exhaust air was mixed with the
fresh air supply to compensate for the lossin capacity. By mixing the cooler exhaust air with the
fresh air, the supply temperature of the air was lowered. By mixing, the cooling system became
more efficient and the existing coils could be kept.

Minor building modifications had to be made to convert the building. The piping system had the
required 6 bar pressurerating. The mgority of the modificationswere to change the three-way
valves at the air-handling units to two-way valves and to build the energy transfer station in the
existing chiller room.
7.1.9.3 Sart-Up, Operating And Maintenance
At the time of start-up, the following problems appeared:

e Onestrainer had to be replaced.

e Because of the height of the building compared to other connected buildings, air
problems developed at the air-handling units.

e Coil leakages appeared. The leakages devel oped between copper and stedl pipes. Two
coils had to be replaced.

¢ Flow baancing problems.

During operation, there were problems controlling the chilled water supply and return
temperatures. With too low of areturn temperature from the customer (secondary side) system,
the original control sequence shifted to controlling the return temperature according to the set
minimum return temperature. The water had to circulate through the whole system before the new
return temperature reached the sensor, making the system very difficult to control because of the
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long response time. Reprogramming the control sequence to reset the supply temperature, based
on the return temperature deviation, from the return temperature limit solved this problem.

Another problem that appeared during operation was the manual air bleed vents. They were
installed at the return side of the cooling coils adjacent to the control valves. At low building
cooling demand (with control valvesalmost closed), the pressure on the suction side of thevave
became lower than the ambient pressure, resulting in air being sucked into the system when staff
was trying to bleed air from the system. Keeping the control valves fully open when the system
was vented solved this problem.

7.1.10 Further Changes To The Building

During 1995, new office spaces (that had not been cooled before) were equipped with air
conditioning by radiant ceiling panels. Some benefits of these panels are that the cooling load of
the air system is greatly reduced, thereby decreasing duct sizes and setting air requirements based
only on the ventilation needs of the building.

The additional cooling load was indirectly connected, with heat exchangers, to the Energy Transfer
Station (ETS). During 1999, the whole ETS was rebuilt to be indirectly connected.

The main reason for the ETS change to an indirect connection was the expansion of the district

cooling system and the upgrading of the pressure rating from 6 bars (87 psi) to 10 bars (145 psi).
Another advantage from the change was the distinct boundary between client and owner.

Part | Figure 7.4: Kv. Gravlingen building ETS and secondary system flow schematic
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8 INTRODUCTION

Part |1

This part of the guide isintended to assist engineers and contractorsin designing and
implementing conversions of buildings to hot water district heating (DH), i.e. the circulation of hot
water in a double pipe-network within adistrict or acomplete city. The guidelines are gpplicableto
avariety of building types, including domestic, commercial, retail, institutiona and industria. To
some extent, it al'so covers the modernization of existing substationsin order to improve overal
conditions of operation.

The purpose is to provide practical advice on converting buildings in the most cogt-effective
manner, while ensuring that the system is technicaly sound and provides reliable and efficient
heating system using DH hot water. This part of the report is based on the author’s experience in
designing and converting building systems and operating these systems with DH hot water.

As it is assumed that the user of these guidelines is an experienced heating, ventilation and air
conditioning engineer or contractor, this report does not address the general aspects of building
system design and installation.

This guide is not intended to supersede any guidelines or requirements set by the DH operator. In
all instances, the engineer should always consult the DH operator.
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9EXISTING INSTALLATIONS

Part |1

Introduction

This section reviews the different types of ingtalations found in buildings that have the potentia
for conversion to district heating (DH). It is assumed that the reader will be conversant with the
different types of systemsthat are prevalent.

In most instances, DH systems are built as indirect systems, i.e., the internal hydronic heating
system is hydraulically separated from the DH system by means of a heat exchanger. In such
systems, no large aterations are required during the ingtallation, as the boiler is simply being
exchanged by the heat exchanger.

In some places, direct connection may be possible and beneficial. Such systems adlow the DH
water to circulate directly into the house installation. This concept is often used in rather flat cities
with low static pressures in the DH system. In this way, no loss of temperature through heat
exchangers has to be taken in account. Normally, the differentia pressure of the DH system is
sufficient to circulate the water in the radiator system, whereby aloca pump is aso avoided. In
this case, it is necessary that the radiator system be designed to withstand the maximum pressure of
the DH system.

Design Principles—Hydronic Heating

9.1.1 Pressure Regimes

The pressure of a centrd heating system is normdly dictated by the height of a building.
However, heat emitters generdly have pressure limitations. Radiators are typicaly built to
working pressures of 6 bar, with some even less, especidly older radiators. Other heat emitters
such as coilsfor convectors and air handling units are often made to suit the process reguirements.
9.1.2 Temperature Regimes

Hydronic heating systems in buildings are designed according to national codes and principles.

These codes and principles generdly vary from country to country. Table 9.1 provides examples of
the design parameters applied, by some countries, for the design of central heating instalations.

Part Il Table 9.1: Examples of temperatures used for the design of central heating systems

Country Supply Temperature | Return Temperature Hot Water
Denmark 70 40 <60
Finland 70 40 55

Korea 70 50 55
Romania 95 75

Russia 95 75 50

United Kingdom 82 70 65

Poland 85 71 55
Germany 80 60 55

Obvioudly, the layout of DH systems have to fulfill these conditions as a starting point.
Nevertheless, it is a fact that many DH systems, over time, have achieved more efficient
conditions. Examples of these are operation at reduced supply temperatures and/or better
differentid temperature of the system than originally planned. Improvement of insulation,
introduction of double glazing and the ingtallation of better control equipment are examples
typically being introduced during the lifetime of a building, which alows for lower heating supply
temperatures.

Experience has shown that many centra heating systems, even from the beginning, are oversized,
which means that the system is able to provide better cooling of the water than planned. For
example, Danish radiator systems, for many years, were designed for t/t, = 90/70°. However, the
operating temperatures of the DH system were typicdly 80/40°C and in recent years, even lower
temperatures have been introduced.
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System Suitability
9.1.3 Two-pipe Radiator Systems

These systems are readily suitable for conversion to DH systems. There are little or no
modifications required and the heat exchanger can directly replace the boiler. Consideration need
only be given to the radiator sizesif low return water temperatures have to be achieved.

As the circulating pumps are designed for the pressure loss across conventiona boiler plant, and
the heat exchanger is designed with a lower pressure drop, existing pumps do not need
replacement.

Re-commiss oning does not normally need to be carried out, unless a direct connection is chosen.
9.1.4 Single-pipe Radiator Systems

Single-pipe radiator systems, like two-pipe systems, can be readily converted to DH. The radiators
on a single-pipe system will have been designed to ensure heat output at successive lower supply
water temperatures. A low return water temperature will be extremely difficult to achieve. This
type of system, therefore, appears to be problematic for a rationa operation of a DH-system.
Conversion into a double-pipe system should be considered from case to case.

Pumping will, again, not normally be affected as will the need for re-commissioning, unless the
system is being improved in some way or another.

9.1.5 Convector and Air Handling Unit (AHU) Heating

Convectors and AHU coils would normaly be heated from a separate constant temperature circuit.
These systems would therefore be idea for DH systems, with little or no modification required.

9.1.6 Radiant Panel Heating

Radiant heating is not normaly carried out with a low-pressure hot water systems, as water
temperatures required to achieve the necessary heat output tend to be high. Steam would normally
be the preferred medium.

Connection to a district heating system can provide the level of water temperature necessary but
will be limited to the maximum supply temperature. A circuit from a dedicated heat exchanger is
possible but this will increase capitd costs. The return water from this unit could possibly be used
elsawhere in the building heating system before returning to the heat exchanger in order to obtain
sufficient cooling of the water.

Converting a steam driven radiant panel heater is only possible if the DH system can provide the
same temperatures as the steam. Costs may be incurred in installing new supply and return water

pipes.

On the other hand, there are examples of radiant panels that have been designed for low
temperature hot water operation, which function well and provide excellent return temperatures to
the DH system.

9.1.7 Under Floor and Embedded Panel Heating

Embedded panel heaters are ided for connecting to DH. The low supply and return water
temperatures are easily achieved and provide excellent conditions for a DH system.

Little or no conversion costs areinvolved.

9.1.8 Electric Heating Systems

Electric heating systems such as pand heaters, underfloor systems and heat pumps cannot be
converted. A changeto DH will demand a new completeinstalation of piping and heating unitsin

the building. The benefits in converting from eectric heating systems to DH come in the reduced
operating and maintenance costs, reduced use of primary fuels and increased comfort levels.
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In Scandinavia and the UK, there are a number of examples of electricaly heated houses being
converted to hydronic heating systems and connected to DH.

9.1.9 Steam Systems

Steam systems generaly are not suitable for conversion. In systems that use a ‘primary’ steam
main and a ‘secondary’ hot water distribution system (typically seen in hospitals and university
campuses), conversion ispossible.

The ‘primary’ steam main can be replaced with a hot water distribution system operating a a
temperature dightly higher than the ‘secondary’ system. The existing steam to water heat
exchangers would need to be replaced, but the ‘ secondary’ system can be left intact with no need
for modification.

In many cases, such asin hospitas for example, a sseam system not only supplies heating but aso
provides steam for autoclaves etc. Thisis seen as abarrier for the connection to a hot water heating
system. It ought to be considered, however, as an option to provide loca steam supply for the
special demands and convert the steam heating to hot water, as much money can be saved in
operation, maintenance and fuel costs.

9.1.10 Localized Gas-fired Heaters

These systems are d so not suitable for conversion. Replacement with a new instalation of piping
and heating units would be required and might prove to be feasible from caseto case.

9.1.11 Domestic Hot Water Heating Systems

These areideal for conversion to DH systems. The smplicity of their design, often a single circuit
heating both radiators and a domestic hot water (DHW) tank, means no modifications are
necessary.

Thought may be given to removing the hot water tank in favour of a heat exchanger. The heat
exchanger provides the occupants with a more flexible method of generating hot water and in
dwellings with a number of occupants, provides limitless quantities of hot water and takes very
little space as compared to a hot water tank. Also, a heat exchanger secures low return water
temperatures.

The drawback of a heat exchanger isitsreatively high heat load when in operation. In most cases,
the load for hot water is much higher than for heating but only for short periods. In cases where
several users are connected, the instantaneous load factor will reduce this problem. The energy
loss, however, from thistype of heat exchanger is much less than that from hot water tanks and the
risk of problems in relation to bacteria developments is much smaller as in DHW tanks storing
large amounts of water around 60°C.

It should also be noted that in areas of countries with poor water qudity, hot water tanks might be
preferable to plate heat exchangers asthey areless proneto fouling.

Furthermore, in a number of cases, mainly in Eastern Europe and Russia, hot water supply is
arranged in separate distribution systems.
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DH is where a number of buildings or dwellings are heated from a centra source. Water is
distributed through a double pipe network and is then transferred to buildings for use in space
heating, hot water generation, process heating and even space cooling.

Often, DH systems cover large areas and are very complex plants involving many stations and
thousands of consumers. A system may include more than one combined heat and power (CHP)
plant, generating electricity and heat at a greater efficiency than separate plants could. In addition,
anumber of heat only producing plants, covering peak load and stand-by, are connected.

A DH system has three main elements: the heat sources, the distribution system and the customer
interfaces. In large systems, the distribution system may be separated in a transmisson system,
transporting large amounts of heat energy over long distances, and a dedicated digtribution system
serving each building connected to the system. A transmission system may serve an entire region
and cover several distribution systemsin different towns.
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Part Il Figure 10.1: Network configuration with main heat source, transmission network, boiler plants/sub-stations and
distribution network

Heat Sources

There are anumber of different energy sources that can be used for DH, including industrid waste
heat, geothermal, solar systems and heat pumps, in addition to conventional boilers and co-
generetion. A low DH return water temperature enables the efficient use of low-grade energy
sources. Thisis because low temperature return water is able to absorb more thermal energy from
these sources. For this reason, the temperature level of consumer ingtallations should be as low as
possible. Thelevel is mostly dependent on specific rules and principles, which varies from country
to country. The levd of return temperatures from consumer installations may vary as much as from
80 to 30°C. The use of high return temperatures often precludes many of the low grade sources of
heat available.

Aswell, where co-generation is used, the temperature level is of utmost importance. The efficiency
of any therma power plant depends on the temperature level of the cooling water. In the case of
combined heat and power generation, the DH water isthe cooling water of the plant and in order to
keep the totd efficiency of the plant as high as possible, the return water temperature of the DH
system should be as low as possible.

In any DH system, a priority regime of the heat sources connected has to be defined. Thisisin
order to secure the operation of the most efficient and most cost-effective plant (such as CHP
plants) and fuels (such as waste being treated in incinerators) during base-load periods. More
expensive sources such as heat only boilers, based on oil or gas, are used for short-term peak loads
only. Such plants are normally available as stand-by capacity.
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Part Il Figure 10.2: Example of a load duration curve indicating the proportion of different heat sources

Heat sources can be either directly connected to the distribution system or indirectly connected
through a heat exchanger.

The direct system is limited to use where water is the distribution medium and where the water
quality and pressure requirements are the same for the heat source and the building’s interna
distribution system.

Indirect connection alows the heat source and distribution system to be operated as separate
systems with different temperatures and pressures, alowing more design flexibility for both
systems. Heat sources will operate a higher temperatures to avoid excessve heat exchange
equipment size, thereby reducing space reguirements and capita cost.

The direct and indirect method of heat source connection should not be confused with the method
involved in connecting the customers heating system to the DH system. Thisiscovered in Section
11.4.

Digribution System

DH water is distributed from the heat source through supply pipes to the customer’s interface and
isreturned after heat has been extracted. Delivery isaccomplished by circulating pumpsthat create
apressure differential between the supply and return pipes.

Pumps are selected to overcome the flow resistance in the supply and return pipes and aso the
pressure differentia in the customer instalation that is hydraulically the furthest from the delivery
point. The use of variable speed drives to control the pumps ensures that consumed power is
minimized.
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Part Il Figure 10.3: DH network pressure diagram

Direct DH systems operate with supply and return temperatures in the range of t/t=85/65°C to
68/34°C, while indirect systems typically operate a somewhat higher temperatures; in some cases
even up to 140/75°C. The greater the temperature difference between the supply and return, the
lower the flow rate required. Figure 10.4 illustrates the comparative difference in pipe sizes when
operating with alternative temperature differences. The DH operator will seek to ensure that the
secondary return water temperature is as low as possible to minimize pumping.
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Part Il Figure 10.4: Comparative pipe diameters in relation to temperature difference
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It is common to compensate the DH water supply temperature. By reducing the water temperature
when the heating demand decreases, energy |osses from the pipe system are reduced and energy
efficiency using low-grade heat sources can be increased.

Figure 10.5 is an example of how the supply temperature is controlled, depending on the outdoor
temperature.
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Part Il Figure 10.5: DH compensation curve

Apart from this regulation over the seasons, many DH operators dso aim at a general reduction of
the temperature level. This is often possble due to an ongoing improvement of the building
standard (improved insulation, double glazing, better control, individua metering etc.) and
contributes to a genera reduction of energy consumption and corresponding reduction of air
pollution.

Heat losses in modern DH distribution depend on a number of factors such as the length of the
system in relation to the heat load, standard of insulation and temperature level. Normally, heat
lossesfall in the range of 5-20% annudlly.

It is common to operate the supply water temperature below 120°C. Studies have shown that by

reducing the normal operating temperature and by reducing the effects of pressure fluctuations, the
life of the pipe work can increase dramatically.
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Part 1l Figure 10.6: Relationship between expected life of pipe and continuous operating temperature

There are a number of different types of pipe material available on the market. The vast majority
of systems are based on pre-insulated stedl pipes. In smaller dimensions, the media pipe may be
made of gtiff or flexible plagtic pipes. The older types of pipework are typically made up of some
kind of aconcrete duct in which insulated pipes are installed manually. The reliability of these pipe
systems is lower than for pre-insulated types. In general, these types of pipe systems are currently
being replaced by new ones during renovation of the systems.

The DH supply water temperature is often limited by the type of pipework used. Most systems use
pipework that have a maximum operating temperature of 140°C. However, it is common to
operate a lower temperature, below 120°C, and even operation below 80°C is not unusud.
Pressures can go up to 25 bar but the mgjority operates with a maximum pressure of 16 bar, while
25 bar is common in transmisson systems.

Virtualy al the available types of pipework are of the bonded pre-insulated type consisting of a
steel carrier pipe with polyurethane foam insulation. The pipe and insulationis‘sealed’ with ahigh
density polyethylene outer casing that forms a protective barrier to externa conditions. The sizes
of pipework range, typically, from DN 25 mm up to DN 1000 mm, and normally come in straight
lengths of 6m, 12m and 16m, which are welded in situ. Within the pipe systems, pre-formed 45°
and 90° bends, isolating valves, air vents, expansion devices and anchors are included.
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Part Il Figure 10.7: Diagram of Alstom pipework

There are aternatives to the straight pipe systems — some employing pipes with a corrugated
structure which, by the nature of their design, have a high degree of flexibility allowing them to be
coiled and to be installed in curved positions. This in turn alows them, in some cases, to be
installed in lengths of several hundred metres without the need for ajoint and so provide a rapid

install ation time, lower maintenance costs and lower installation costs.
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Part Il Figure 10.8: Diagram of Pipe2000 Brugg Pipework

Another recent development is the installation of pipes without any measures to compensate for
thermal expansion. This can be done in the "cold laid system", where anchors can be avoided. In
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this case, the variations of stressin the pipe system are calculated and kept under alowable values.
All direction changes have to be carried out as 90° bends or with curved pipes. Pipes in large
dimensions are bent from the factory, while the smaller ones are bent on site. This concept entails
considerable savingsin investment.

Many pipe systems also include (within the foam insulation) a detection system that constantly
monitors for the presence of moisture. Signa wires within the foam will rday a signd to a
monitoring unit that will indicate the position of apossible ingress or egress of moisture to within a
metre. The monitoring system provides an early warning to the DH operator so that he is able to
carry out preventative corrections. Unchecked pipework can quickly deteriorate requiring
emergency action and the potentia loss of heat to customers.

Smaller systems use plagtic pipes. These have lower operating conditions (<90°C and 6 bar) and,
hence, less operationa flexibility. As the temperatures are lower, plastic pipes are often used in
systems that connect directly with the customers heating system (see Section 11.4.1).

The pipe systems used in smaller systems differ very little from the pipes used in larger systems
but they tend to use materids other than steel. In particular, this is the case with branch pipes.
Plastic carrier pipes are quite common in direct systems as operating temperatures are below the
threshold of the limiting fluid content temperature. Copper and auminium are aso used — mainly
for their non-corrosive properties and as such, these systems tend not to have the moisture
detection system. These pipe systems are generally of smaler diameter with the largest being
approximately 90 mm. Therefore, it dlows them to be coiled and installed in greater lengths than
straight pipe systems.

Basically, DH systems may be controlled by two different principles. Either the temperature is
kept constant while the flow is varied in order to respond to the changing demand, or the flow is
fixed and the temperature varies. In redlity, different combinations of the two systems are found.
Generaly, the variation of flow responds much quicker to changes of demand than changes of
temperature do. Therefore, variable speed pumps are important el ements of modern DH systems.

Control of a DH system is normaly undertaken by a centralized control and monitoring system
(CCM). Continuous monitoring of key temperature and pressure elements in the system ensures
that the system responds to the demand from the customers. In selected points of the network,
pressure and temperature transmitters are installed in order to provide the decisive in-data for the
control centre. Also, it isnot uncommon to ingtall such transmitters within customers plant rooms
(especidly those who are at the outermost reaches of the DH system) that are also relayed back to
the CCM centre for use in accurate delivery conditions.

Customer Interface
Building systems may be connected directly or indirectly to the DH distribution system.
With a direct connection, the DH heating water is distributed within the building to directly

provide heat to termina equipment such as radiators, unit heaters, etc. Guidelines for direct
connection are addressed in detail in Section 11.4.2.
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Part Il Figure 10.9: Directly connected installation. The main pipes are coming into the building in the foreground

An indirect connection uses a heat exchanger in the building to transfer the energy from the DH
heating digtribution system (primary system) to the building distribution system (secondary
system). Guidelines for indirect connection are addressed in detail in Section 11.4.1.

The method of generation of domestic hot water is common to both systems in that a heat
exchanger or a storage tank is used. The use of heat exchangers not only reduces costs but aso
minimizes space requirements and standing losses (from hot water tanks). Domestic hot water
generated in heat exchangers aso means that hot water can be produced instantaneoudly and
constantly.

The use of hot water storage tanks is not common in new systems but should not be precluded.
However, the designer should consider other issues such as bacteria growth in stored water.

In some cases, mainly in Central and Eastern Europe, hot domestic water is provided through a
separate digtribution system for this purpose only, and water is supplied directly to the tapsin the
buildings covered by this system. In these cases, the DH system consists of two double pipe
systems.
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Ben€fitsto the User

Compared to owning and operating an on-site boiler, converson to DH can benefit the user
through increased rdiability, greater comfort, reduced investment, operating cost savings,
increased energy efficiency and greater fuel flexibility.

10.1.1.1 Reliability

DH systems are built with stand-by heating capacity to ensure that heat is aways available at the
central plant. Larger distribution systems are generally designed with multiple loops or with other
back-up to provide additiona reliability in distribution. In the case of equipment or pipework
failure, the operator will have sufficient staff and resources to initiate an instant repair as soon as
the failure has been identified. Under normal circumstances, a preiminary or afina repair will be
made within 24 hours. In this way, the reliability provided by a properly designed, constructed,
operated and maintained DH system is greater than most buildings can achieve on their own.

10.1.1.2 Tenant Comfort

Hot water DH provides even heating that is easily controlled, particularly when compared to older
heating systems. Theresult is grester tenant comfort.

10.1.1.3 Reduced | nvestment

In anew building, the owner avoids the cost of purchasing a boiler and associated facilities such as
aflue. Owners of exigting buildings facing repair or replacement of the boiler can aso avoid these
costs. Building space, which would otherwise be required for the boiler room, can be used more
productively as a heat exchanger can require as little as 10% of the floor space required by a
conventiona plant.

10.1.1.4 Building Operation Costs

DH is a more convenient way to heat a building because it eliminates the need to operate and
maintain a conventional boiler plant. This resultsin savings in staff, administration, eectricity and
supply costs. Inlarger buildings, the staff savings can be significant.

If equipment for remote reading of heat meters and other measuring equipment isingalled, the DH
operator or other service companies will be able to monitor the conditions of buildings and in this
way, possibly take over the complete responsibility of the heat supply and its operation.

Part Il Figure 10.10: Heat exchanger substation located above a car park bay
10.1.1.5 Energy Efficiency

Conversion to DH can result in substantial energy savings. The user pays only for the heat that is
actualy used, whereas a building boiler often operates at a low efficiency. Conventional boilers,
normally used for heating systems, are often quoted at having efficiency well above 80%. Cyclical
firing, under part load conditions, means that redlistic efficiencies are somewhat lower.
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Efficiencies on ayearly basis, within arange of 45-65%, are not unusua. Domestic hot water can
be generated instantaneously through a dedicated heat exchanger, saving the losses incurred with
storage and eliminating the time delay in regeneration.

Modern DH systems are normally based on the use of as much heat as possible, not depending on
traditional fues like cod, oil and gas. Municipad waste and biofuels are such examples. In
addition, the combined generation of heat and power substantially reduces the fuel consumption, as
only very little heat goes to waste in this process in comparison to separate generation of eectricity
and heat.

10.1.1.6 Fud Flexibility

Due to economies of scale, it can be cost-effective for larger DH systemsto use avariety of energy
sources. As aresult, many DH systems can switch among heat sources depending on what is most
cost-effective at a particular time. This flexibility improves the security of supply and is generaly
not achievable by an individua building heating system.

Additional efficiency improvements often occur as a result of modifications to the building
systems, partticularly when converting older systems. The replacement of the heat source often
encourages replacement of pumps, insulation and key control elements.

10.1.1.7 Aesthetics and Environment

The building appearance can be improved because no flue is required. Also, the DH operator takes
responsibility for the control of any air emissons. The DH connection requires no ventilation or
fire protection and is silent. It can belocated in places deemed to be unsuitable for aboiler plant.

Due to the flexibility of using awide variety of generation technologies, aternaive fuels and heat
sources, the total fuel consumption of DH systems typicdly are substantially lower than by
individua systems. This is to the benefit of the loca city environment but also reduces global
pollution and its possible effect on global warming.
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Introduction

This chapter will focus on key dements that should be considered when designing the interface
between the exigting building heating system and the digtrict heating system. Not dl heating and
hot water systems can be easily interfaced with DH, so this chapter will aso address design
principlesfor new systems.

Design Considerations
11.1.1 Pre-Design Survey

It isimportant to establish the capacity of the building’ s existing heating and hot water systems. A
site survey will easily establish the nature of the system and may also ascertain the mgor plant
criteria. In some circumstances, it may not be practical to undergo a full survey of the building.
Therefore, some genera investigative work and logica assumptions may have to be made.

Clearly, if a building has no secondary hesting or hot water distribution system, i.e. it is
electrically heated or has localized unit heaters, it will be necessary to adopt a completely fresh
approach to the building design. The principles for connecting to a DH system will, however, ill
bevalid and it isimportant that the engineer understands and includes them in his design.

In existing hydronic heating systems, the boiler load must first be established. This will generdly
be found on the boiler rating plate or within design, operating or maintenance records. In larger
buildings, it is common to have more than one boiler instdled — typicaly in a two boiler
installation, each would be rated at least 60% of the tota duty, primarily to ensure a minimum
supply of heat, should one fail. Knowledge of the annua consumption of energy isimportant as it
indicates the likely consumption of DH, since the maximum heat load can be derived. The annua
heat consumption can be egtablished from the fuel bills over the previous years; possibly taking the
climate dates of unusually mild or harsh wintersinto consideration.

The number and types of heating circuits should next be established. Careful attention should be
taken to ensure that the circuit with the greater demand for temperature is noted, as the heat
exchanger will ultimately need to be designed to meet it. Circuits with lesser demands for
temperature will, in normal circumstances, require compensation. As mentioned above, the actual
operational temperatures of a system may not necessarily be identica with the design values. In
order to achieve the maximum efficiency of the total system, it is important to obtain the best
possible knowledge of the required temperatures. This data may be obtained from reading
instruments during operation, from existing files or from persona experience held by present steff.

A note of dl pipe sizes to each circuit will enable the heat exchanger to be optimally sized and
configured. Pipe sizes will also provide the designer with an indication as to the needs of each
circuit if no other information is available.

All circulating pumps will need to be surveyed to ascertain their rating. Conversion to DH would
not necessarily require the replacement of circulating pumps as heat exchanger secondary side
pressure drops are generdly in the same order of magnitude as conventional boiler plants.
Typically, one would expect conventional boiler plants and a complete heat exchanger station to
both have a secondary water side pressure drop of 20-50kPa

All this information should be collated and recorded and idedly, a sketch or schematic
representation of the boiler/plant room should be produced.

Another aspect of great importance for the design of the interface is the standard of the building as
such. In many cases, buildings have been renovated, extended or the use may have changed sinceit
was originally build. Such changes may have involved the heating system directly or indirectly, for
example, the instdlation of thermostatic radiator valves or the replacement of windows with
double glazed types. Obvioudy, such changes will have had an influence on the energy
consumption and the pattern of use, which should be covered by the interface design.
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Regardless of any changes that may have taken place, it may sill be beneficia to investigate
further improvements of the centra heating system in order to obtan valuable energy or
operational savings.

Finaly, consideration should be given to any planned modifications, as they may have an impact
on the interface design and possibly to the size of the branch connection. In extreme cases, it may
even impact the layout of the network.

11.1.2 Secondary Design Temperatures

The design temperatures for the heating heat exchanger will be based upon the peak winter
condition. Idedly, the DH operator would like to receive the return DH water a the lowest
temperature possible. Redlistically, however, the building connected will determine the secondary
approach temperatures and so the design will be dightly different.

As an example, in a given system with a supply temperature of 105°C, the table below illustrates
the difference between theory and redity. The ideal conditions are what should be strived for in
order to reduce opertaing costs for the cusomer and energy use of the DH operator. Effort in
optimizing the plant can improve the operating temperatures.

Part Il Table 11.1: Comparative design temperatures

Probable Realistic I deal
DH supply temperature 105°C 105°C 105°C
DH return temperature 73°C 67°C 42°C
Secondary supply temperature 82°C 85°C 70°C
Secondary return temperature 71°C 65°C 40°C

As mentioned in Section 9.2.2., temperature conditions vary from country to country and must be
acknowledged. However, whether the design values are high or low, it will aso be beneficid to
look for possibilities to reduce operating temperatures wherever possible. Obvioudy, a plant must
not operate a high temperatures if it can provide the necessary amount of heat at lower values —
especidly during the mild seasons when it may be possible to reduce temperatures.

According to experience in the operation of DH systems, it is particularly worthwile to strive for
low return temperaturesin order to obtain thelowest overal costs.

In buildings to be converted to DH, which have an exisiting heating system that demands a certain
supply temperaure, anumber of options exist to ensure the DH return water temperatureis lowered
without compromising the &blilty of the system to deliver the required level of heat. The table
below shows the relative output of radiatorsif the inlet and outlet temperatures are different from
the design criteria (being 82/71°C in this case). The numbers indicate the output in comparison to
100 for the design criteria.

Increasing the supply and decreasing the secondary return water temperatures will achieve this.
The effect on output can be calculated as shown:

If the mean surface temperature at 82/71°C, t,, = 76.5°C. At supply and return temperatures of
85/65°C, ty =75°C.

The output of the heat emitter isafunction related to its emissivity, expressed by the index n. For
radiatorsthe valueis 1.3. Therefore, the output g, from aradiator, with modified supply and return
temperatures, can be expressed as a percentage of the ouput g at the original design temperatures:

13
o = 75.0 X 100% = 97.5%
76.5

Other heat emitters, such as natural and forced convectors (including heating coilsin air handling
units), have emissivity indices of 1.4 and 1.0 respectively. All of which can be tabulated to show
the effect of changing supply and return temperatures.
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Part Il Table 11.2: Effect of modified secondary temperatures on emitter outputs

85/70 85/65 85/60 | 85/55 80/70 | 80/65 | 80/60 | 80/55
Radiators 101.7 975 93.3 89.1 975 93.3 89.1 85
Natural 101.8 97.3 92.8 88.3 97.3 92.8 88.3 83.9
Convection
Forced 101.3 98 94.8 915 98 94.8 915 88.2
Convection

All indicated values are apercentage of the output at 82/71°C.

The table shows that return water temperatures can be dramatically reduced with only a margina
effect on the output of the emitter. Quite often, boiler plant, pipework and radiators are oversized
and therefore the modified conditions can be applied without any loss of performance by the
heating system.

Controlling the supply temperature as a function of the return temperature can be achieved by
inhibiting the primary control vave opening. If the return water temperature begins to rise, it is
because less heat is required to be emitted to the space for a given fixed emitter output and supply
rate. By ingtaling a temperature sensor in the return pipe, the control vave can be inhibited if the
temperature rises above a set point. Care must be taken to ensure that process requirements are
maintained and the two can be achieved by installing control vaves on individua hegting circuits.

As mentioned in Table 9.1, the design temperatures for radiators in Denmark today are 70/40°C.
Until recently, they operated a 90/70°C, as in many other countries. Despite this, the great
majority of digtrict heating plants were designed for 80/40°C and were actualy operating with
these temperatures. The consumer installations generally were (and still are) directly connected.
Obvioudly, the return tempreature was different from house to house, depending on the size of the
radiator instalation, but return temperatures down to below 30°C were not unusua.

11.1.3 Domestic Hot Water - Design Temperatures

As domestic hot water has a year round demand, the heat exchanger must be sized to ensure that
hot water can be generated, even when the DH temperatureisitslowes, i.e. in summer months.

The temperature of municipa cold water varies from country to country and time of year. In
warmer months, the DH operator may reduce the supply water temperature to alevel still sufficient
to generate hot water, for example 85°C. The heat exchanger will therefore need to be designed at
the planned summer temperature of the DH system. If it is assumed that the municipal cold water
isat atemperature of 8-11°C, the approach temperatures in this example will be;

Part Il Table 11.3: Domestic hot water design temperatures

DH supply temperature 85°C
DH return temperature 25°C
Hot water supply temperature 55-65°C
Cold water temperature 10°C
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Part Il Figure 11.1: Heat exchanger for hot water supply in an office building connected directly to the DH system

Heat Exchanger Substation Design
11.1.4 General

A subgtation may be instaled in each building being served by DH. In some cases, groups of
buildings are a so served by one substation.

Basicaly, the subgtation is comprised by isolaion vaves, a heat exchanger or tank for the
preparation of domestic hot water, strainers, controls, pipework, insulation and a heat meter. Also,
indirect systems, aheat exchanger, circulating pumps and a pressurization unit will be provided.

It is important that substations are designed, equipped, operated, and maintained according to
common rules, which are to be set by the DH operator in order to secure energy efficient operation.
DH operators normally install the branch connections, including isolating valves, just inside the
building wall. The consumer will engage local plumbers to install and maintain the substation,
according to genera rules set out by the DH-company. In some cases, the operator will even
design, procure, and ingall the substation on behalf of the customer.

11.1.5 Heat Exchanger

The heat exchanger provides the interface between the primary and secondary systems and ensures
hydraulic separationis maintained at all times.

There are severd types of heat exchangers designed specifically for use with DH systems.

Plate heat exchangers generally have a cost advantage and require less space compared with most
standard shell and tube exchangers. They require significantly less surface area, for the same
operating conditions, than shell and tube units because they have much higher heat transfer rates.
With plate exchangers, the approach temperature between the primary return and the secondary
returnis closer, generally 1-2°C, compared with 6-7°C for most shell and tube exchangers. For this
reason, DH operators often favour the plate type.
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Part Il Figure 11.2: A complete heat exchanger substation

Plate heat exchanger design has two options;
e brazed plae
o (Qasket

Brazed plate heat exchangers are sealed units that cannot be disassembled and, hence, cleaned like
a gasketed plate heat exchanger. They tend to be smdler than gasketed heat exchangers as more
surface area is devoted to heat exchange. They also do not require the level of maintenance
required by the gasketed option. Care does need to be taken, however, to avoid fouling. This can
be achieved by the use of drainers (dways recommended) and occasiond flushing. Generdly
though, the DH heating water must be treated to a high level of purity to ensure longevity of the
pipework. Therefore, flushing heat exchangers are rarely necessary. Brazed plate heat exchangers,
by their very nature, cannot be internaly inspected.

Part Il Figure 11.3: Brazed plate heat exchangers

The gasket option tends to be more expensive and the cost of afull service — required every five
years or S0 - may outweigh the cost of abrazed plate unit itself. The gasket materia often degrades
losing its flexibility and hence its ability to seal. The result of thisis water leaks. Gasketed heat
exchangers especially tend to suffer in systems where the heeting is frequently switched on and
off.
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An exception when gasketed heat exchangers are preferable to brazed plate units is when used
within aswimming pool system. Heavily chlorinated water attacks and breaks down the brazing so
a gasket type should be used. For safety, it may be advantageous to have an intermediate heat
exchanger, athough this design will mean the return water temperatures will be higher than
desired.

Shell and tube heat exchangers are still being used in some DH systems but are gradually being
phased out, as they do not provide sufficiently low approach temperatures between primary and
secondary sSdewater. They aso take up alot of space.

Shel and spiral tube heat exchangers do not share the disadvantages of other types of shell and
tube heat exchangers, and are excellent for district heating gpplications. These exchangers are
comparable to plate exchangers with low fouling resistance and high turbulence for high heat
transfer. This type of heat exchanger has no gaskets, so they require less maintenance than
gasketed units.

Part Il Figure 11.4: Typical shell and spiral tube heat exchanger

The size and number of heat exchangers to suit the building load should be carefully sdected.
Using two or more exchangers, in paralle, is only needed when security of supply iscritica or the
customer has strong views. In this instance, totd redundancy should be assumed and each heat
exchanger should be capable of full load operation and full isolation without affecting the other.
Normally, however, one heat exchanger is sufficient to satisfy the building needs.

11.1.6 Heat Exchanger Specification

Heat exchangers should ultimately be szed in accordance with the temperatures at peak demand
and should be sized, in all instances, to effect as low a DH return water temperature as possiblein
al conditions. This can be easily achieved if a more relaxed view of the secondary water
temperaturesis taken.

The heat exchanger should in all instances be designed to suit the maximum pressure rating of the

DH system. In the avoidance of any doubt, the DH operator should be consulted for the primary
conditions, unless strict rulesin thisrespect is aready available from the operator.

Page 71 of 86



Part |1

The two key factorsin heat exchanger sizing are hesat transfer areaand pressure loss. Heat capacity
is dependent on mass flow rate and the temperature profile. Clearly, a reduced temperature
difference will increase the mass flow and pressure loss. As pressure losses are aimed to be kept to
a minimum, this will have the effect of requiring the surface area to be increased with the
subsequent increase in the number of plates and cost. Permissible pressure losses across the heat
exchanger can be summarized as shown in Table 11.4.

Part Il Table 11.4: Permissible pressure losses through a heat exchanger

Primary Secondary
DHW <20kPa 10kPa/<50kPa*
LPHW <20kPa 20kPa

*when fed directly from MCW

Additional equipment such as strainers and control valves also presents a pressure loss and it is
advisable for these to be kept to a minimum. DH operators will seek to achieve a 50-60kPa
difference between primary supply and return pipes so it isimportant that there is careful choice of
equipment.

The choice of heat exchanger materia is essential. Carbon sted should at @l times be avoided,
AlSI 316 stainless steel being the preference. AISI 304 is an acceptable aternative in many cases.

Heat exchangers should always contain arating plate fixed to the end plate and, as they should be
supplied with an insulative casing, one visble on the outsde. The following data should be
included;

e manufacturer

* type

e szria number

e maximum output (KW)

e primary and secondary design temperatures (°C)
e primary and secondary operating pressures (MPa)
e primary and secondary test pressures (MPa)

e primary and secondary side pressure drop (kPa)

e primary and secondary flow rates (dm’s™)

e primary and secondary water volumes (dm®)

The end plate shall dlearly indicate the function of each pipe connection — incorrect installation can
have serious consequences.

11.1.7 Controls

The secondary side of the hot water digtrict heating systems is often designed so that the forward
temperature varies according to the outdoor temperature. This control method reduces energy costs
and helps to optimize conditions for the control valves because a certain minimum flow is
maintained. A temperature transmitter in the secondary supply pipe measures the process value
and this value is held up against a specified set point condition in the control system.

A control valve, located in the primary heating mains, achieves control of the secondary water
temperature. Generdly, only one control vaveisinstaled, but if the required valve sizeis large, it
is advisable to use two vaves - awinter and a summer valve - connected in pardlel and operating
in sequence. For best control, in most cases, the two val ves should be sized to handle one-third and
two-thirds of the totd capacity, the smaller being the lead valve. When redundancy requirements
are high or equd loads are required for al heat exchangers, it is advisable to install separate
control equipment for each heat exchanger.
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Two-port control valves are used rather than three-port because in generd, it is most economical to
circul ate the water in the heat exchanger only once.

Control valves can be either electricaly driven or sdf-acting with no external power supply. All
control valves should be capable of being manually overridden, providing the operator with the
option of controlling the flow.

Control vaves on domestic hot water heat exchangers must be designed to close upon a power
failure. In cases where too high a water temperature is criticd, a non-resetting vave should be
placed in the common ‘ secondary’ flow operating on loss of power aswell as over temperature.

Temperature sensors should be located close to the exchangers being controlled in order to get a
fast reacting control system.

It is imperative that the hest exchanger control valves be sdected to match the building loads as
oversizing will reduce valve life and cause valve hunting. Control valves should be selected with
high rangeability, low leskage, and proportiona plus integrating control for close adjustment,
balancing, temperature accuracy and response time. Control valves should have enough power to
open and close under the maximum differential pressure in the system, and should be selected to
perform well with the characteristic of the heat exchanger.

Control valves are normaly instdled in the primary return because the lower temperature in the
line reduces the risk of cavitation and increases vave life. Control vaves are for temperature
control only, and are not intended to be used as pressure reducing valves.

Where high or very variable differential pressures can be expected, it is advisable to instal a
pressure regulator in order to obtain constant differential pressure. This will improve the
conditions of the control system.

Primary control valves are the most important single element in the interface with the DH system.
Proper valve adjustment and calibration will save energy. High quality control valves should be
selected for more precise control, longer service life and minimum maintenance.

11.1.8 Ancillary Equipment

Pressure gauges, thermometers and shut-off valves should be instaled to enable proper
monitoring, balancing and equipment isolation for maintenance. A badancing valve should be
installed if deemed appropriate by the DH operator. This would normally be instaled if the
pressure difference between the primary and secondary pipesis greater than 400kPa.
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Part Il Figure 11.6: Schematic of a heat exchanger substation
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A srainer with amesh of 1.0 to 1.6 mm, preferably the smaler sze, should be installed. In order
to determine when the strainer should be cleaned, a pressure gauge should be connected to both
sides of the strainer. The pressure drop through the strainer must be considered in the system
design. If necessary, a larger diameter strainer should be considered so that the flow is not
restricted.

The DH operator will install draining and venting valves and these should be locked to prevent
unauthorized operation. The DH operator will normally be the only key holder.

All pipework used to interconnect the heat exchanger to the primary and secondary systems should
be suitable for each system.

11.1.9 Heat Exchanger Substation Location

The DH operator should be consulted regarding the location of the building heat exchanger
substation because this will determine the location of the primary system piping. The room size
should be readily accessible for inspection and maintenance, and its size should be suitable for
disconnection and removal of equipment for repair or replacement.

Asarule, the room should be located adjacent to an externa wall to avoid lengthy runs of primary
pipework within the building. Clearly, this is not dways possible. Therefore, isolating valves
should be provided at the point of entry to the building, access to which should be maintained at al
times. The vaves should be lockable to avoid unauthorized operation, with the keys held by a
responsible staff members of the customer organization and the DH operator. Personnel from the
DH operator should be able to enter the room unassisted, but the room should be locked to keep
out unauthorized personnel.

As heat exchanger substations are significantly smaler than conventional boiler plants, large
amounts of space are created when boilers are removed. This can be a significant benefit to the
building owner.

Connection M ethods
11.1.10 Indirect Connection Method

The indirect connection method is normaly used in large systems whose temperatures and
pressures are not suitable for the direct connection method. This involves temperatures typicaly
above 90°C and pressures above 6 bar. Connecting to a high pressure DH system should not be
carried out unless specific heating gppliances of large enough capacity warrant such treatment. In
this situation, the equipment must be designed to the same standards as a heat exchanger.

The indirect method ensures hydraulic separation between the DH water system (primary) and the
central heating system (secondary) of the building, alowing the DH operator freedom to manage
the DH system conditions without unduly disturbing the connected customers. The indirect method
employs one or more heat exchangers to interface the building heating systems with the DH
system.
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Part Il Figure 11.7: Schematic representation of an indirect connection

When a building has a number of different heating requirements, the use of separate heat
exchangers may be warranted. Typical examples of this are air conditioning, perimeter heating,
and specia requirements such as hospital theatre rooms. The use of individua heat exchangers
offersagreater degree of flexibility, especialy when maintenance is required.

The generation of hot water is always carried out using a separate heat exchanger. Sysems with a
large hot water demand would normally benefit from the use of a heat exchanger arrangement that
uses the DH return water to pre-heet the cold water make-up. Thisis achieved through a separate
heat exchanger after which the DHW mixes with the re-circulated hot water and is then heated
through an after-heater to be raised to the required temperature. The result is that the DH return
water temperature islowered further. This arrangement isillustrated in Figure 11.8.
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Part Il Figure 11.8: Schematic representation of DHW pre-heating

Generaly, the design of the secondary heating system differs little from a conventional heating
system. Notwithstanding the secondary design temperatures, there are a few design features that
should be considered when connecting to a DH system.

Shunt pump
The shunt pump is a common inclusion in heating systems but should not be used on a district
heating system. The shunt pump will only serve to return near supply temperature water back to

the heat exchanger. This would mean that the heat exchanger would have to be sized accordingly,
making the unit unnecessarily large.
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Common Low L oss Header

The common low loss header, like the shunt pump, encourages the mixing of supply and return
water. Thisisunsuitable for DH systems and should be avoided.

Circuit Compensation

In buildings large enough to warrant a number of heating circuits, a greater use of compensated
circuits should be encouraged.

Two-port Control Valvesand Variable Speed Pumping

The use of two-port, in lieu of three-port control valves in constant temperature applications,
ensures the unnecessary return of supply water temperature back to the heat exchanger. The use of
variable speed pumps provides an efficient method of delivering only the energy that is needed.

Circuit Mixing

Wherever possible, water returning from one heating circuit at a high enough temperature should
be used in a second circuit. Thisis not always possible since one circuit may demand energy at a
different time to another. Typica examples of such circuit mixing include perimeter heating and
underfloor heating. Figure 11.9 illustrates schematically how this could be achieved.
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Part Il Figure 11.9: Schematic representation circuit mixing

Domestic dwellings can be connected to an indirect system as with any other building. In cases
where temperature and pressure requirements prohibit the use of the lower grade pipework, thereis
no aternative.

Small packaged units are available pre-assembled (or may be tailor-made), alowing the building
owner to easily connect to a DH system. It is advisable that an approved contractor, known to the
DH operator, is used. The units contain all the necessary controls (and metering if required),
pumps, pressurization and hot water generation.

They differ little from the larger units but they are more likely to come in a range of sizes as
opposed to larger units that are assembled specifically to meet the duty of the building.

11.1.11 Direct Connection Method

The direct connection method is normally used in systems where temperatures are below 90°C and
pressures below 6 bar. Direct systems tend to be associated with systems that are predominantly
made up of domestic dwellings. Larger buildings or groups of buildings with heating systems that
have high volumes of water and possibly a small distribution network tend to be connected to
indirect systems as the DH operator would have to distribute and treat large quantities of water.
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Direct connection of the customer’s termina heating equipment (such as heating coils, radiators,
unit heaters, etc.) to the primary distribution system is in some cases more economical than the
indirect method. No heat exchangers, pumps or water treatment systems are required in the
customer installation, thereby reducing the investment costs. There is aso the potentid for
obtaining a somewhat lower DH return water temperature. Direct connection should especially be
considered in new devel opment areas where building heating systems could be designed for direct
connection.

When designing a direct system, care must be taken to protect the safety of the customer
installation and the reliability of the DH system. Direct connection incresses the opportunities for
damage, contamination and leakage, which could affect the entire system. Equipment within the
property should ideally be tamper resistant.

The pressure differential in the distribution system changes with the load and with distance from
the heat source, and is sometimes larger than desired within building systems. To minimize noise
and control problems, a constant pressure differential control vave should be instaled in the
buildings.

Normally, the DH system supply temperature is the same as that required in the buildings. Figure
11.10 shows the smplest form of direct connection, which includes a pressure differentia
regulator, a pressure relief vave and a check valve. Specia attention should be given to potential
noise problems a the thermostatic valves. These thermostatic valves must be specified to
correspond to the design pressure differential.
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Part Il Figure 11.10: Schematic representation of a direct connection

The DH operator may be able to redlize benefits in distributing at higher temperatures and
designing the control equipment at the customer to regulate the temperature. There is dso a
potential for a larger temperature differential between supply and return, which reduces the
required pipe size. The desired supply temperature within the building is then achieved by
compensation. Figure 11.11 illustrates this approach.
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Part Il Figure 11.11: Schematic representation of a compensated direct connection

Depending on the size and design of the main system, devation differences, types of customers
and building systems, additional safety equipment such as automatic shut-off valves on both
supply and return lines may be required.

Domestic hot water generation can be achieved in two ways:

e conventiona storage tanks, or

e secondary heat exchanger.

Most buildings with existing hot water generation will utilize storage tanks. When connecting to a
DH system, it is important to ensure that the DHW tank coil is sufficiently sized to cater for any
changes in supply and return water temperatures as the regeneration time may be affected.
Generaly, the exigting system can be left in tact, reducing the need for investment. However, it
will normaly prove more economica in the long run to replace existing installations with systems
specificaly designed for DH, whereby the optimal temperature conditions can be obtained.
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Part Il Figure 11.12: Schematic representation of domestic hot water generation in a direct connection
The use of a heat exchanger to generate hot water does provide an dternative. With hot water

generated through a heat exchanger, the customer is furnished with an unlimited supply of hot
water asthere is no regeneration time— the water is heated instantaneously.
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Part Il Figure 11.13: Schematic representation of domestic hot water generation in a direct connection through a heat exchanger

It iscommon to provide a control station that interfaces with the DH system. The control station is
generdly made up of isolating valves, gauges, thermometers, control valves and a heat meter.

A number of manufacturers produce heating control stations specificaly designed for use in
domestic dwellings and can include a heat exchanger for generation of hot water.

Part Il Figure 11.14: Domestic substation

Secondary Heating Systems

11.1.12 General Considerations

One heat exchanger can serve severd sub-circuits and more than one type of sub-circuit. In larger
buildings, however, it may be advantageous to have separate heat exchangers for different types of
demand or when temperature requirements are significantly different.

11.1.13 Distribution

As two-port control is recommended, distribution should be carried out by variable speed driven

circulating pumps. The benefits of variable speed pumping have been demonstrated in many
systems including improved air eimination, elimination of balancing devices for pumps, sub-
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circuits and each heating element due to better controllability. By variation of the flow, according
to consumption, the lowest return temperature is obtained at any time.

11.1.14 Heating & Ventilating Equipment

As previoudly discussed, a low water return temperature is an important requirement of the DH
system. Section 11.2.2 generally covered the differing approaches to ided secondary design
temperatures. Based on the same example, Table 11.5 shows the design objectives for the different
types of secondary hesating circuits.

Part Il Table 11.5: Design temperature objectives for secondary heating circuits

Supply Return
Radiator circuit 85°C 60°C
Heating coils 85°C 55°C
Under floor heating 45°C 30°C
Embedded panel 55°C 35°C
Domestic hot water 55°C 10°C

Many of these temperatures are quite common in severd countries. There are many situations of
even lower values in, for example, radiator systems, as low as supply/return = 70/30°C. Modern
air handling units are equally designed for operation with very low temperatures and will be able
to operate at, for example, supply/return 35/<20°C. This meansthey are able to operate with return
DH water asthe supply to the unit.

There are other examples of sysems being designed for operation on return DH water, but
obvioudly, this is only possible in a limited number of installations in a certain network, as the
downstream return temperature will gradualy decrease.

Domestic Hot Water

Domestic hot water temperatures must comply with the nationa codes as indicated in Table 9.1.
However, it is to be expected that these demands may also be lowered over time, which has
aready happened in some countries in order to save energy. In most cases, a DH supply
temperature of 70°C will be sufficient and is therefore probably the lowest possible temperature,
which will be sufficient in the summer.

11.1.15 DHW Heat Exchanger

In buildings with a relatively large hot water demand, a pre-heater can be used. In this approach
(Figure 11.8), the water is pre-heated by return water from the space heating system. In addition to
reducing the primary return temperature, this approach reduces lime build-up in the heat
exchanger, extends equipment life and reduces maintenance costs. In the warmer months, when
there is no space heating load, another heat exchanger (post-heater) using primary water can
provide the load for the domestic hot water.

As the municipa cold water quality differs from country to country and from region to region,
careful selection of the unit should take place. Sufficient alowance should be made for fouling and
asuggested minimum is 0.0004 m%°C.W.

11.1.16 Temperature Control

As a heat exchanger for domestic hot water is non-storage, it can be required to raise a large
quantity of water to the desired temperature. This clearly needs alarge input of energy and as such,
more than one control valve may be reguired. The controlling temperature transmitter should be
placed in the outlet to the heat exchanger as close to the heat exchanger as possible. The lack of
storage means that transient temperatures are not absorbed. Therefore, the actuated valve and
controller must be capable of adjusting accurately and rapidly.

To avoid any incidents of over-temperatures, non-resetting solenoid valves that stop the flow of
hot water, should be used. These vaves should be designed to also close on apower failure and, in
both instances, require manual intervention to reset. Thiswill ensure that an ingpection is made of
the heat exchanger in case of afault.
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Introduction

The majority of buildings considered for district heating are heated using conventional gas, cod or
oil-fired boilers. These buildings present a relatively simple task in converting to DH. Other
systems in use include electric heating, which is represented by underfloor dements, heat pumps
and panel radiators and steam heating systems which are often confined to use in hospitals.

This section will concentrate on the steps required to convert existing hydronic systemsto DH.

Steam systems often combine standard hydronic distribution circuits with a primary steam main,
while electric systems have no infrastructure to support a conversion and require the building
heating system to be compl etely redesigned.

Even though it will take a large and expensive effort to ingtal a hydronic heating system in any
building, this is not necessarily prohibitive. Actually, most buildings had no such systems at the
beginning of the 20" century, and gradually were retrofitted with this modern commodity in order
to improve the standard. Obviously, new piping and radiators can be insta led, and now new smadl
bore piping, often hidden in panels are used.

In Scandinavia, quite a few homes are switching from electrica hesting to district hesting
nowadays, and a number of family homes are presently being fitted with new pipe systems and
radiators.

Conversion Procedure

In all ingtances, the building conversion should follow agenera procedure:
e survey and schematic design
e assessng building heating load
. ng existing components
e conversion concept and budget cost
e sygemdesign
e ingtdlation, testing and commissioning

Domestic dwellings require a less rigorous approach as they normally have fairly smple systems —
typically aboiler, one heating circuit and ahot water tank.

12.1.1.1 Survey and Schematic Design

The use of existing Operating and Maintenance information should be viewed with some caution
as many buildings will have undergone some modifications and improvements since the original
installation. However, they will generally provide a good overview of the system. In spite of this,
and in the absence of this, a thorough survey of the building heating system should be made.
Producing a schematic representation of the system will help to define the scope of work. It is
particularly important to identify those plant or equipment items that do not form part of the basic
system but do influence the energy needs of the building.

Typically the survey should identify:

e plantroom equipment and piping layouts;

e terminal units, such asradiators, fan coails, etc.;
e air handling units;

e domestic hot water heaters;

e chilling equipment;
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e  kitchen equipment;
e humidification equipment;
e sterilization equipment;
o underfloor heating or embedded panel heating; and
e radiant heating.
12.1.1.2 Assessing Building Heseting L oad

The building's energy requirements must be established, wherever possible, based on historical
usage. The impact of conversion to DH often initiates a renewed interest in the energy demands of
the building. The result being that conversion often brings about improvementsin energy use and a
reduction in energy consumption overall.

To size the heat exchanger and associated components correctly, the building pesk load should be
egtablished. The heat exchanger should not be based on the existing boiler rating plate because it is
highly likely that the boilers have been oversized to begin with, notwithstanding the energy
conservation measures that often come about. Oversizing of the plant is costly and resultsin poor
controllability.

It is important to accurately estimate the building peak load as the building owner may pay a
Standing Charge based, either in part or whole, on the size of the connection (in kW). In this
connection, it should be noted that the operating efficiency of boilers is subject to current debate.
However, it can be said that they operate well below the declared nomind efficiency.

As mentioned above, the annual fuel consumption, together with an annual load distribution curve,
may be a valuable tool to estimate the peak load. A typica load distribution curve may be
available for the country or region. In the absence of accurate data, the DH operator should be
able to provide a ‘ utilization factor’, expressed in hours, that can be used to determine either the
peak load or the annua consumption. This is achieved smply by multiplying the connected
capacity (kW) by the number of hours to produce an annua consumption in MWh.

Another method of heat load assessment utilizes a factor based on the building floor area. Thisis
expressed in W/m? and gives a simple assessment procedure. Care has to be taken using this
method as different buildings have different insulation properties

12.1.1.3 Existing Components

It is important to individudly assess the age and condition of each component and to check
compatibility with possible changes in design conditions. This process dso aerts the building
owner to potential mai ntenance reguirements.

It is prudent, at this stage, to consider the extent of the useful life of existing components. The
period surrounding the conversion to DH provides an ideal opportunity to upgrade/replace ageing
equipment. The DH operator may provide a facility to replace old equipment.  Alternatively, a
reputable mechanical contractor would be able to carry out this work.

12.1.1.4 Conversion Concept and Budget Cost

The proposed conversion concept and budget cost should be presented to the building owner. It is
important at this stage to ensure that the capital cost is kept aslow as possible without jeopardizing
obvious possibilities to reduce consumption of energy during operation, which is one of the main
benefits of a DH connection. Idedly, a financid assessment of full life cycle costs and a cost
comparison with conventional plants, should be presented.

12.1.1.5 System Design

The system design should include the detailed conversion design and the selection of any
additional equipment needed to satisfy occupant comfort whilst maintai ning optimum efficiency.
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12.1.1.6 Ingdlation, Testing and Commissioning

The installation procedure must be carefully planned. It is highly unlikely that the building owner
will be in a position to hand over the heating (and hot water) system for an extended period. It is
important, therefore, to program the instal l ation to ensure the loss of heat is minimized.

The space required by a heat exchanger is generally much smdler than that required by a
conventiona boiler. It is therefore recommended that the heat exchanger be put in place and
connected to the DH before any other work is carried out. The DH operator can ensure that hisside
of the system is hedthy and that vaves and meters operate satisfactorily before the boiler is
removed.

As much as possible, any replacement pipework, valves and instrumentation should be ingalled a
this stage. Prefabrication of sections of pipework is also suggested as a means to reduce
‘downtime’. The use of additiona isolating valves can alow sections of the system to be more
easily connected.

The modification of heating systems will undoubtedly mean that re-commissioning will need to be

carried out and it may be prudent to install new or additional testing points to facilitate correct
commissioning.
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Absorption Chiller — A refrigerating machine using hegt energy to generate chilled water.
Air Handling System — Equipment which provides for the distribution of tempered air.
Balancing Valve— A vadveingalled to adjust the distribution of water to a specific location.
Battery — A coil used for heating.

Closed Loop or Closed Cycle— A cyclein which the fluid is recycled without introduction of new
fluid.

Cooling Cail — A cooling € ement made of pipe or tube that may or may not be finned or formed
into helica or serpentine shape.

Cylinder — A vessal or tank in which water is stored.

Design Pressure— The design pressure is the maximum allowable working pressure as defined in
the local jurisdiction’ s piping code.

DH — District Heating
DHW — Domestic Hot Water

Direct Connection — Connection of building cooling equipment (cooling coils, radiant panels,
etc.) directly to the primary district cooling distribution system without first transferring the heat
from a separate secondary system through a heat exchanger.

Direct Return Cooling System — A two-pipe system that returns the cooling medium from the
terminal exchange to the cooling source.

DN — Nomina diameter (of pipework)

Dual Duct System — A system that produces conditioned air at two temperatures and humidity
levels. Theair isthen supplied through two independent duct systems to the points of use where
mixing occurs.

Energy Transfer Station — The energy transfer station (ETS) is an interconnection between the
DHC system and the consumer’s hot water and chilled water system. The ETSisan indirect
connection to the customer’ s system in the case of hot water and chilled water. The ETS consists
of isolation and control vaves, controllers, measurement instruments, an energy meter, heat
exchanger(s), pipe, pipefittings, and strainers.

Fan Coil Unit — A fan and heat exchanger for cooling and/or heating, assembled within acommon
casing.

Heat Exchanger (HX) — Equipment designed to extract heat from one system and passing it to
another system. Heat exchangers are used between the district cooling system and the customer
buildings, physically separating the two fluid streams.

Hydronic — Reference to heating systems using water as the energy carrying medium.

Induction Unit — A jet action device that injects treated air to entrain recirculated air through a
heat exchanger.

Radiant Panel — A heat exchanger surface, embedded in the cooling or walls, with circulating
water which transfer heat by primarily radiation.

I nter connecting Pipe— The interconnecting pipes run from the main isolation valvesinside the
building wall to the ETS heat exchangers located in the customer's existing mechanical room.
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MainsWater — See MCW.
M CW — Mains cold water, towns water or city water.
Municipal Water —See MCW.

Operating Pressure— The operating pressure isthe pressure at which the system normally
operates.

Plate Heat Exchanger — A heat exchanger with fixed plates separating the fluids on the primary
and secondary sides.

Primary System — Chilled distribution network from the district cooling utility, including the
primary chilled water supply to the heat exchangersin the customer buildings served by district
cooling, and the primary chilled water return from buildings.

Recirculated Air — Air taken from a space and returned to that space, usually after being passed
through a conditioning system.

Return Air — Air extracted from the conditioned space and totally or partly returned to the air
conditioning system.

Rooftop Unit — Equipment mounted on the roof in which conditioned air is discharged directly in
the room below or through ductwork.

Secondary System — The chilled water supply and return in the customer’ s building, which
circul ates through the heat exchanger to regject heat extracted from terminal equipment and air
handlersto the primary system.

Shell and Tube Heat Exchanger — A nest of tubes or pipes, or acoil of tube or pipe, contained in
ashdl or container. The pipe (or pipes) carries one fluid, and the shell has an inlet and outlet for
flow of another fluid.

Terminal Equipment — Equipment through which heat is extracted from the building space, for
example, coils, induction units, radiant panels, etc.

Three-way Control Valve— A valve having either asingleinlet and two outlets (diverting valve)
or two inlets and asingle outlet (mixing valve).

Two-pipe system — A piping system with a supply pipe into aheating or cooling unit and a
separate return pipe going back to form aclosed loop system.

Ventilation Unit — A fan coil unit for applicationsin which outdoor and return air mixing satisfies
tempering requirements and ventilation needs.
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