ASHRAE

Learning Institute

Welcome to the
Community Heat Pump Systems Webinar

A Series of 17 Webinars on Community Heat Pump Systems

NEWYORK | NYSERDA
Sponsored by NYSERDA OPPORTUNITY.

If you miss one of the webinars, register and view the recording at
https://www.ashrae.org/CHPSWebinars.
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Copyright

Copyright ©2021 by ASHRAE. All rights reserved. No part of this presentation may
be reproduced without written permission from ASHRAE, nor may any part of this
presentation be reproduced, stored in a retrieval system or transmitted in any
form or by any means (electronic, photocopying, recording or other) without
written permission from ASHRAE.

ASHRAE has compiled this presentation with care, but ASHRAE has not
investigated and ASHRAE expressly disclaims any duty to investigate any product,
service, process, procedure, design or the like, that may be described herein. The
appearance of any technical data or editorial material in this presentation does
not constitute endorsement, warranty or guaranty by ASHRAE of any product,
service, process, procedure, design or the like. ASHRAE does not warrant that the
information in this publication is free of errors. The user assumes the entire risk of
the use of any information in this presentation.
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AIA/CES Registered Provider

ASHRAE is a Registered Provider with The American Institute of Architects
Continuing Education Systems. Credit earned on completion of this program
will be reported to CES Records for AIA members. Certificates of Attendance
for non-AlA members are available on request.

This program is registered with the AIA/CES for continuing professional
education. As such, it does not include content that may be deemed or
construed to be an approval or endorsement by the AIA of any material of
construction or any method or manner of handling, using, distributing, or
dealing in any material or product. Questions related to specific materials,
methods, and services will be addressed at the conclusion of this
presentation.



Learning Objectives

1. Learn common district energy components and terms.
2. Distinguish the difference between Direct and Indirect Connections.

3. Understand impact to new and existing building HVAC design in
connecting to district energy system.

4. Understand effect on heating unit capacity reducing entering water
temperature.

5. Learn about available technology to assist with interconnections.

6. Design for more efficient building interconnection.



Instructors

Steve Tredinnick, P.E. FASHRAE, CEM
Burns & McDonnell
Chicago, IL

Gary Phetteplace, Ph.D, P.E. FASHRAE
GWA LLC
Lyme, NH
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Outline/Agenda

1. Briefly cover some standard definitions and concepts.

Discuss supply temperatures available from different technologies.

3. Discussion on service connection types:

a. Direct connections
b. Indirect connections

4. Need for metering and technologies or solutions available.

5. Delivering Space Heat - Temperature Limitations of Available
Methods (especially retrofit systems) regarding generation and
terminal units.

6. Thoughts and difficulties on retrofitting existing HVAC systems (gas
forced air furnaces, hydronic systems, and steam systems).

N
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Community Heat Pump Systems

New York State Energy Research Development

Authority’s (NYSERDA) vision is a strategic network of

distribution pipes serving multiple buildings:

e Meet the thermal needs within a building (HVAC and
DHW) using renewable electricity

e Expand clean energy options for customers who have
insufficient footprint space to serve their own needs

e Leverage economy of scale

e Use this approach to address New York State’s nation-
leading climate goals
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Standard Definitions and Concepts

District Heating and Cooling Systems

District Energy System Main Components:
* Central Plant or Generation Source

 Distribution Piping Network

e Consumer Interconnection (Energy Transfer Stations)

Consumers

Courtesy of ASHRAE District Heating and Cooling Guides

Central plant 9

Courtesy of International District Energy Association
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Standard Definitions & Concepts

DH Building Interconnection Terms

Commonly used Acronyms:

BPHE or BHE: Brazed Plate Heat Exchanger
DEP: District Energy Provider

DES: District Energy System

DHS&R: District Heating Supply & Return
ETS: Energy Transfer Stations

EWT: Entering Water Temperature

GPHE: Gasketed Plate Heat Exchanger (PHE)

ULTDH: Ultra Low Temperature District
Heating (5G)

10
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Known by many names or aliases:

Standard Definitions & Concepts

DH Building Interconnection Terms

Building Interconnection Facilities (BIF)
District Heating Substations (Swedes)
District Heating Centrals (Swedes)

Customer Centrals (Swedes)
Connection Plants (Danes)
Heat Interface Unit (Brits)
Energy Transfer Stations or ETS (US & Canada)

Courtesy of International District Energy Association
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The Generations of District Heating

District heating from 1G to 4G

1G: STEAM 2G: IN SITU 3G: PREFABRICATED 4G: 4th GENERATION .
; Steam system, steam pipes Pressurised hot-water system Pre-insulated pipes Low energy demands ® 1 St G e n e ra tI O n ( 1 G )
in concrete ducts Heavy equipment Industrialised compact
[ Large "build on site”stations substations (also with insulation)
Temperature < 2009C Metering and monitaring 5, \
R * 2nd Generation (2G)
E - -way DN
----H""'H-\.\__\_ //
* 3rdG tion (3G)
| . rd Generation
E <50-609C (70°0) .
* 4th Generation (4G)
Energy
efficiency Future M
* 5thG t 5G
5 - eneration
Seasonal ' source X
heat storage (not shown on this graph but on next
Large xa'?qﬂarm— L 3 Biomass page)
. ) ) Largexa!em!ar% ! COnversion o
g Biomass . 2way E
= - — District k]
j: CHP Biomass 1|h Geothermmal h"i_ ‘_ﬂ‘ Heating 4
) PV, Wave ' -
‘Wind surplus . m CHP
Industry surplus Electricity -~ | biomass
Cold
storage
Heat Heat . Heat . E Centralised
storage storage storage district
& = cooling plant
CHP waste
Steam CHP coal CHP coal é | Centralised
storage CHP oil CHP oil - Industry surplus _n heat pump
T Also
Coal = Coal = (Gas, Waste l - CHP waste h = low energy
Waste J;'P ‘Waste na Qil, Coal - 4.!_’ incineration LI
Local District Heating D!slri.ct Heating D-.s'..'i.ct Heating District Heating . .
Development Distict Heating generation) Courtesy of Danfoss ‘District
. | . Period of best avalable technology heating application handbook’

1G/1880-1930

2G /1930-1980

3G/1980-2020

4G/ 2020-2050
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Generations of District Heating (cont.)

DISTRICT HEATING SUPPLY TEMPERATURE RANGE
68°F 86°F 104°F 122°F 140°F 158°F 176°F 194°F 212°F 230°F 248°F 266°F 284°F 302°F 320°F 338°F 356°F 374°F 392°F

ABBREV TEMPERATURE CLASSES 20°C 30°C 40°C 50°C 60°C 70°C 80°C 90°C 100°C 110°C 120°C 130°C 140°C 150°C 160°C 170°C 180°C 190°C 200°C
HTHW High Temperature Hot Water
(>350°F (175°C))
Medium Temperature Hot Water (251°F
MTHW
to 350°F (122°C to 175°C))
LTHW Low Temperature Hot Water
(<250°F (120°C))
16 District Steam/HTHW - Assume 100 PSIG
(>212°F (100°C))
26 High-Temperature District Heating
(>212°F (100°C))
36 Medium-Temperature District Heating
(149°F to 212°F (65°C to 100°C))
G Low-Temperature District Heating (122°F
to 176°F (50°C to 80°C))
5G (ULTDH) Ultra-Low-Temperature District Heating

(<86°F to 149°F (30°C to 65°C))

LIMITATION

ADDITIONAL REQUIREMENTS

Min Radiant Floor Min DHW comfort Min Temperature

Heating Temperature  for DHW in tank Recreated from paper by Dorte @stergaard and Svend Svenden:
. . Space heating with ultra-low temperature district heating — a case
E'“‘"‘::\:“‘"" o MxforDHW study of four single-family houses from the 1980s
13
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5th Generation District Energy Systems

* District heating and cooling
approach using renewable
Space Residuni resources

* District heating and cooling

and haat Renewable
NN
) 905 _ components may be
: T\T\?\ decentralized.
H&ﬂl?;;et':lt::‘l?:ateﬁ L 1
Industry e Systems may be bi-
alancad over the: directional, close to ground
temperature

Storage Renewable

for temporal unbalance 1 electricity
s | SouUrces

» Seasonal storage

* All electric. Ideally, no CO,
produced at sites

Seasonal and
simultaneous

hest and <o * Includes Community Heat
Pump Systems

Floating warm and cold water temperatures

Boesten, S., Ivens, W., Dekker, S. C., and Eijdems, H.: 5th generation district heating and
cooling systems as a solution for renewable urban thermal energy supply, Adv. Geosci., 49,
129-136, https://doi.org/10.5194/adgeo-49-129-2019, 2019.
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ETS Standard Design Concepts

Understanding Your Load

 Know and understand the building
load

* Assists in Quantity and size of PHE and
other equipment

* ANSI/ASHRAE/ACCA Standard 183 Peak
Cooling and Heating Load Calculations
in Buildings Except Low-rise Residential
Buildin%s and ASHRAE Load Calculation
Manua

e How much of load is critical and needs
to be on emergency power?

* Hospitals, Data centers, Vivarium
* Emergency CHW connections

* Separate set of PHEs or even separate
ETS Service Rooms

* The better you know the load the
more confident you are in spending
the Owner’s money wisely

15
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ETS Standard Design Concepts

Load Estimation — Old School Rule of Thumb

Typically, the District Heating Provider has their own metrics for the overall development or plant capacity, but there is
some published rules of thumb data out there.

Heating Energy Load Factor (HELF) [Btu/ft2-hr] calculation per IDHA District Heating Handbook 4" Edition (1983)

Building Type

MO

| DISTRICT
| HEATING
HANDBOOK

Chicago, IL
Denver, CO
Kansas City,
New York,
NY
Portland,
(o]
Seattle, WA

i
o
i

Medium-Density Residential 33 37 37 34 45 34 30 25 24 e
High-Density Residential 30 33 33 31 40 31 27 a 22
Commercial/Institutional 18 21 21 19 26 19 16 e 13
Industrial 21 24 24 22 30 22 19 16 15
TABLE 2.2
. = SPACE ANIJEA_T_FR HEATING FACTORS
Annual Spuce Annual Water Hourly Warer
ating Factor: eating Factor I.';l.l.ln':.' ‘nelorn hf" ¥ o= EIL'FDTl . e
Building Type - l.,:|-|i|- i .wf'ifrr ; ||~5~'|J|| l HELF = l: - ({ASHF) + HWI | F
{Btu,/I*- HDD - yr) (Bru /Mt yr) (Biw/f" hr) 24

'\-tcn;h.;: density ru«i\..i.:miu'_ 1.4 15,000 5.0

High-density residential 105 15,001 5.0

‘ommercial /mstilutiona 137 3,300 0.9
:-ndus:rul e I F.j'."fl 4 [HX) 0.9 16
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ETS Standard Design Concepts

Load Estimation — Newer School Rule of Thumb

Boston, MA (CZ5) Duluth, MN (CZ7)

9.5 7.8 126 10.4

22.0

St. Louis, MO (Cz4) Portland, OR (Cz4)

Building Type EE
7.7 6.3

City Hall 247 109 9.0 17.4

30.3

Convention Center 443 16.0 135 11.3 9.5 404 144 121 573 20.0 169

Hotel 16,6 8.4 6.9

313
11.7

Multi-Family 315 246 16.1 170 11.0 296 227 148 441 341 222
22.0

5.9 4.9 14.5 7.2 5.9 19.2 9.1 7.5

Medium Density Office 220 120 11.0 10.0 8.0 220 110 10.0 260 140 120
High Density Office 240 16.0 13.0 11.0 9.0 240 140 110 320 185 154
High Density Retail 347 128 10.8 245 9.1 7.7 319 118 9.9 458 16.8 14.2
School 357 153 128 259 10.9 9.1 327 13.7 115 4377 185 154

Information per 2008 EPA Research Project by Stephen P. Kavanaugh PhD from University of Alabama — all units in BTU/FT?-Hr
17
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Standard Definitions & Concepts
Configuration & Main ETS Components

* Connection Types:
e Direct and Indirect

e Equipment/Components:
* Heat Exchangers
* Gasketed Plate or Brazed Plate Heat Exchanger
* Piping
e Controls

* Metering and Sub-metering
* Sensors
* Control Valves

18
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Standard Definitions & Concepts

Direct Connection — District Pumped

Typical
Ownership Line
of Demarcation

) e |
-, 808 | .. ,

— /= FM | 3§ Y
|
! @E
o (@) G0 |
== i < §——
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Standard Definitions & Concepts

Direct Connection — Building Pumped

Typical HHWS ¢ ¢

Ownership Line 1 {_ T ) )
of Dem?rcation N )
i f f ! —
| g g 3
50 @ 83
| N N \
,E,S,,_., @ L O® T T 7
- Optional]
sﬂlR/R m Q & m Q - HHWR
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Standard Definitions & Concepts

Indirect Connection

Typical
Ownership Line HHWS ¢ ¢
of Demarcation L L
| > b

NH./ -
Lo
I&

VFD
VFD
VFD

FM

”V-1"
DHR m -
= =
21
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Standard Definitions & Concepts
Direct vs. Indirect Connection Comparison

“ Direct Connection Indirect Connection

. DH water is exposed to a building system which may Water quality of the DH water is isolated from building system
Water Quality e
have lower levels of treatment and filtering and can be controlled
Water Leakage and consumption of DH water within the

. o e Water leakage is within the control of the district heating utility
Consumption building may be difficult to control and correct
Demarcation of consumer’s building system may not be Clear delineation between the consumer and district cooling

Contractual o .
clear utility equipment

Generally lower in overall cost due to the absence of a
Cost heat exchanger and possible deletion of building Higher cost due to a heat exchanger and additional controls
pumps and controls

T Failures within the building may cause problems or The DCS is largely isolated of any problems in the building
Reliability . . : .
potentially even outages for the district system beyond the interconnection
The heat exchanger provides isolation from building system
Building systems may need to be protected from higher gerp gy
Pressure . o pressure and the DH System pressure so that each loop may
. pressure in a DH system or for tall buildings, a DCS may ) ) )
Isolation ) i o operate at their preferred pressures without influence from
be subjected to higher pressures by the building system
the other
Potential for greater AT due to absence of heat Approach temperature in heat exchanger is a detriment to
AT . .
exchanger supply temperature and differential temperature (AT)
Space : . :
. Low space requirements Additional space required for heat exchanger and controls
Requirements
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ETS Standard Design Concepts

Layout & Enhancements

Design Concepts:

* Be Cognizant of
Maintenance
Clearances

* Number of
PHEs based on
capacity and
redundancy
requirements

. 2@75%?
« 2@100%?
« 3@50%?

PLEASE
TURN 0FF
1GNITION

Enhancement;:

 Add emergency
connections

23
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Standard Definitions & Concepts

ETS Components — Flow Meters

* Main Building meter is the “Cash Register” of ETS
Components, therefore, desire highly accurate and
maintenance free technology

o Typically, meters are flow tube magnetic “mag” or
ultrasonic (strap-on or flow tube)

o Follow MFR’s straight diameter recommendations

Straight Piping Requirements
RS SRR (Length in Pipe Diameters)

5D to 10 D upstream;

i 159 y : : < i
Electromagnetic  +0.15% to 1% rate 30:1 to 100:1 Low (<3 psi) 3D downstream
. . 10 D to 40 D upstream,;
0, (o) - .

Vortex +0.5% to 1.25% rate 10:1 to 25:1 Medium (3 to 5 psi) 2D to 6 D downstream

10 D to 40 D upstream;

i +0.159% .59 : ; ' i

Turbine 0.15% to 0.5% rate 10:1 to 50:1 Medium (3 to 5 psi) 2D to 20 D downstream
10Dto40D ;
Ultrasonic +1% to 5% rate >10:1 to 100:1 Low (<3 psi) 0 D to 40 D upstream;

2 D to 6 D downstream

24
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Standard Definitions & Concepts

ETS Components — Flow Meters - Submetering

Need cost allocation method for multi-tenant buildings, either us a flow

meter or another “equitable” method of cost allocation (SF) District Eneray / Second Quarter 2013
How Much Is That Meter

Table 1. Summary of Water Energy Meter Matenal Costs Based on Technology. in the Wlndow?

Type Ultrasomic (n-Line) Litrasonic (Clamp-0n) Insertion Turbine Insertion Magnetic In-Line Magnetic

(Chilled Water) (Hot Waterh

#20% ol 210% of 210%of 210%of 205%to0 210%of 210%of 21 0% of 2£20% of
Accuracy

reading reading reading reading =1.6% of  reading full scale rate reading +0.40%: of reading

reading
Size Range MFR A MFR B MFR C MFR D MFR E MFR F MFR G MFR H MFR | MFR J MFR J
" — 51,260 1500 54,200 56,600 1745 — — — 32,885 $3.285
" 51,970 51,350 1500 54,200 56,600 1745 — — — 12, Ba5 $3.265
1 52,010 51,350 1500 54,200 56,600 1745 — — — 32,640 %2815
1-4" 52,010 51,825 t665 54,200 56,600 51,565 §3.250 — — 3,055 $3,400
2* 52,600 82,325 §775 54,200 56,600 51,565 §3.250 — 14,200 13,100 §3.420
2-4" 53,700 52,750 £1,025 54,365 56,600 £1,565 £3,360 — §4,200 3,245 $3,645
3" 54,150 53,150 51,110 54,365 56,600 51,565 §3,420 $3,050 14,200 13,400 13,875
4" 55,100 53,730 51,270 54,365 56,600 51,865 53,480 %3,050 34,200 13510 13,995
5 51,430 54,385 56,600 51,865 53,480 $3,050 $4,110 $4,705
6" —_ - 51,555 54,400 56,600 51,500 53,480 $3,050 §4,200 $4,400 5,045

=0.4% of actual reading fram 3.3 to 33 fps, £0.75% of reading from 1.0 to 3.3 fps and 200075 fps below 1.0 fps
Source: Compiled by Steve Tredinnick.
Mote: The authar has made best efforts to get real-woeld, apples-to-apples comparnisons for all costs including flow meter, Btu calculator, temperature senscrs and communca-
tians meduls but cannat guarantee pricing for 2l vendors. Some temperature sensars were more accurate than others, Costs do not include installation, nower and communica-

tans connections or proegramming. A roagh value of $1,200 to $1,500 per meter can be assumed tor budgetary purposes, Maost wendors will offer discounted prices (more than
20 percent reductions) for volume purchases of meters, It 1s suggested that readers contact their local vendor for mare progeci-spectic pricing. 25
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Standard Definitions & Concepts

Heat Exchangers

Brazed Plate Heat Exchangers (BPHE) Gasketed Plate Heat Exchangers (GPHE)
Single & Double Wall Single & Double Wall

Counterflow Design

PHEs up to 5X more
efficient than Shell & Tube
Heat Exchangers (HX)

As close as a 1°F approach
temperature

Support column

~1/5t floor space

Movable cover

requirements Gashet
Stud bolt
| M“I'
||
; 7 = o (I - Fixed cover
J\ [y == - Support foot | 4
s - Guide bar _ p c,a 7 il
Tightening nut - = ® %
Tightening bolt ﬁ
Bearing box Shroud
Images courtesy of Alfa Laval Frame foot 26
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Standard Definitions & Concepts

Heat Exchanger Best Practices — What to Specify

* Understand the load minimums and maximums
* Minimum Plate Thickness = 0.4mm

* Gasket material — one piece snap-in

e AHRI certified

* Fouling factors based on water quality

* Pressure drop

 ASME Section VIII Division 1 (U-Stamp)

* Frame is typically oversized for 20% additional
plates

* Accessories:
* Insulated cabinets/shroud
* Provide Wye or Port strainers (1/16” openings)

27
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Standard Definitions & Concepts

Controller & Instrumentation

e Controller

* The “brains” of the ETS components
* Control of all devices
 Communications back to DCP

e UPS Power to panel

* |nstrumentation

* Industrial grade preferred due to accuracy and
robustness

* Commercial grade acceptable if is accurate
* Resistance Temperature Detectors (RTD)

* 4-wire, 100-ohm, platinum, matched and calibrated pair
of sensors and transmitters

* Digital/Analog Accuracy: +/- 0.02% of span

* Stability: +/- 0.1% of reading or 0.1°C, whichever is
greater

» Differential Pressure Transmitters (DPT)
* Accuracy: +/-0.2% of span
* Repeatability: +/-.01% of span

28
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Standard Definitions & Concepts

Control Valves

* Avoid butterfly throttling valves
* High Turndown

* Depending on configuration and location in
system, may need to “eat” a great deal of
pressure

* Characterized rotary ball valves
* Eccentric disc valves

* Tight and close off pressure (bubble tight)
Class VI per ANSI/FCI 70-2-199

* Fail closed, slow acting

* Two-way configuration

* Electric actuation with manual overrides
* Valve positioners

e Could have multiple valves based on load
turndown or phased in growth

29
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Standard Definitions & Concepts

Pipe Sizing and Design

TABLE 6.5.4.6 Piping System Design Maximum Flow Rate in GPM

Operating Hours/Year <MW Hours Year =2000 and <4400 Hours Year =4400 HoursYear
Nomusl PpeStaoin. Ot yiiicsid O yiesped O Verabiesperd
212 120 L8O 83 130 L 110
3 180 270 140 210 110 170
i 350 530 260 400 210 320
5 410 620 310 470 250 370
f 740 [ 100 570 ol 440 GED
8 1200 [ 800 H00 1404} T 1100
1 1800 2700 1300 2 Lbbk 1600
1z 2500 3500 1500 2EHH 150k 2300
Maximum velocity for pipes over g 13.0 fi's 6.5 fU's 9.5 fi/s 5.0 fi/s 7.5 fi's

14-24 in. 1n 517

Size piping per ASHRAE Standard 90.1 Table 6.5.4.6
30
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Standard Definitions & Concepts

Galvanic Corrosion — Need for Dielectric Fittings

Dielectric Fittings — Use between
dissimilar metals and similar metals
that have age disparity

Anode (least noble, the wasting end)

Magnesium
Magnesium alloys
Zinc

Aluminum
Aluminum alloys

Cadmium

Carbon steel -
Cast iron

Stainless steel (active)
Soft solder

Tin

Lead

Mickel {active)

Brasses

Copper
Bronzes
Mickel-copper alloys

Nickel {passive)
Stainless steel (passive)
Titanium

Silver solder

Siver Corrosion that developed between carbon

Graphite
Coud steel and bronze fitting in less than 2-years
Cathode (most noble, the protected end)

Souwrce. Fiping Handbook, Sath Edition, Mobinder L Hayyar,
WicGraeHil, 1952 31
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ETS Components:

Who Typically Provides What?

* Typically, the DEP will have their own design manual with
interconnection standards

* The process is a constant communication between the DEP and
their consultants, building owner (customer) and their
consultants

* Location of ETS room
e Routing of District Piping
e Controls

* ETS room needs to house all equipment, have adequate access
for maintenance, have lighting and convenience power,
ventilated and have restricted access

32
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ETS Components:

Who Typically Provides What?

District Energy Provider Responsibilities:

* Design, Installs, Operates & Maintains the

Primary Side of ETS:
e Piping from distribution to ETS (dielectric)
Plate Heat Exchangers
Strainers (both sides)
Instrumentation
* Energy Meters
* Temperature transmitters &
thermowells (both sides)
e Pressure gauges & thermowell
* Temperature gauge & thermowell
* Manual Isolation & Control Valves
Control Panel
e Secondary side monitoring and
control of pumps and DHW
* Power to all devices
e Chemical Treatment and Makeup Water

 Commissioning of all DES equipment

Customer/Consumer Responsibilities:

Design, Install, Operates and Maintains
the Secondary Side of ETS:

Piping to building system
Circulation Pumps
Suitable Space for ETS Room
* Ventilated, drains, water, receptacles
Penetration in building foundation wall for
DH piping and communications conduit
Chemical Treatment and Makeup Water
* DEP may require certified water
treatment analysis prior to
energizing
2-way control valves at terminal units

Building Side Controls
Commissioning of Bldg HVAC Systems

For more info, refer to ASHRAE District Heating and Cooling Guides
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System Supply Temperature Requirements

* Traditional commercial HW heating temperatures — 180°F to 160°F
* Typical chiller leaving condenser water temperatures — 85°F to 100°F
* Heat Pump HW outlet temperatures — 95°F to ~170°F
* Scroll or Screw compressor chiller — up to 140°F

» Typical heat recovery chiller — 100°F to 110°F
* Drying process for food industry — >266°F

* Spa and wellness resort — >158°F

* Greenhouse air heating — 140°F

* Greenhouse with floor heating - >104°F

Most reheat and building heat applications do not need 130 to 140°F to perform
satisfactorily — lower temperatures change from 1 row to 2 row reheat coil, lower
than that, required larger duct mounted coil

34

©2021 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE's prior written permission.



Typical HW System Supply Temperatures

* Radiant Floor Heating: 85°F to 125°F

* Baseboard Radiators: 100°F to +180°F

* Domestic Water Heater: 120°F to 140°F*

* Condensing boilers: <80°F to +160°F**
* Radiator wall panels: 120°F to +190°F

* Air Handler Preheat coils:  +140°F

* Ducted Reheat coils: 100°F to 120°F

* Snow Melt: 95°F to 120°F

* Typical temperature to mitigate bacteria (legionella) growth

** Needs maximum 130°F return water temperature to be in condensing mode
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Ease of Retrofits — Conversion Suitability

Smtoe | tow | weatum] v

Steam Equipment
One Pipe Cast Iron Radiator X
Two Pipe Cast Iron Radiator & FTR
AHU Coils
Hot Water Equipment
Radiators & Convectors
Radiant Panels and Floors
AHU Coils (Reheat & Preheat)
Solar Hot Water

X X X X

Gas/Oil Fired Equipment

Electric EQuipment

Modified Table 14 from 2020 ASHRAE Handbook — HVAC Systems & Equipment Chapter 12 District Heating & Cooling 36
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Figure 2. Baseboard Radiation Heat Output Based on Water Velocity
105%

=

-
=]
=]
=

Delivering space Heat

Baseboard Limitations

Capacity Correction Factar

] 0.5 1 16 21 28 31 316 4.1 4.6
Water Velocity (FPS)
Inside
|(‘]S|gh LS Table 1. Sample Finned Tube Selection Data for 75" Copper Tubing &%
. o o . Gl La &
District Energy # First Quarter 2009 @é@ T}é r;"é \-c:@ . QP(:\ e,}g- \Q}“ﬁ
TS TR Gy \Q@‘)&&G o oY
When Is Too Muc SE S HO o 2 ST
Delta T Too Much? ol Gl S N s s
E A1 200 180 190 70 848 0.45 786 58
A\/Oidiﬂg *[he |O\N'ﬂOW' A2 200 170 185 30 797 0.30 726 95
) . A3 200 160 180 a0 745 0,22 71 10.2
hydronic-heating blues Ac 180 160 17020 656 04 610 113
A5 180 150 165 30 615 0.30 561 12.3
A6 180 140 160 a0 572 0,22 515 13.3
a7 160 140 150 20 436 0.45 450 15.3
* Impact of Lower Temperatures A8 160 130 145 30 4se [ 080 418 164
A9 160 120 140 a0 432 0,22 s 177
¢t . : 410 140 120 130 20 356 0.45 330 209
* Temperature Limitations of Available Methods T T T T
A12 140 100 120 a0 281 0,22 253 | 27.2
e Retrofit issues A13 120 100 110 20 216 0.45 200 | 343
Table 2. sample Firned Tube Selection Data for 1.25° Copper Tubing,
Bl 200 180 190 70 803 0.18 7175 058
B2 200 170 185 30 757 0.12 665.5 10.33
B3 200 160 180 a0 711 0,09 5180 11.13
B4 180 160 170 20 528 0.18 5512 1225
Table 1. Load Summary Space (Btuh). B> 120 150 165 30 587 012 516.1 1332
B6 180 140 160 a0 546 0.09 4745 1449
i o N Total B7 160 140 150 20 264 | 018 4146 1658
wl';ggw I:HS:J ve"ﬂ:é'u” I"f'tg::"un EDE:': B8 160 130 145 30 438 012 3851 1785
B3 160 120 140 a0 412 0,09 3581 19.20
550 3,325 480 2770 3,000 10,125 BI0 140 120 130 20 340 0.18 303.8 | 2263
BI1 140 110 125 30 304 012 267.3 | 2572
BI1Z 140 100 120 40 268 0.09 2320 2952 37

E13 120 100 110 20 206 0.18 184.1 | 37.35
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Delivering space Heat

Baseboard Radiation Impact of Lower EWT

Table 2
Calculating BTUH Output for
Different Water Temperatures
g Figure 1. Baseboard Radiation Heat Output Based on Average Water Temperature
Please note: The BTUH outputs listed
in this catalog are based on 180°F E 200%: 1
water, The following chart may be used
for calculating the BTUH outputs for E lggz __,.-"'""'FF
different water temperatures. w 140% e
=
Water Multiply listed 2 120% P f"'ﬂf
Temperature: BTUH by: - 100% - —A
B0%
120° 38 ,E 0% _______..--"‘"f
130° 48 £ 40%
, S am S —
1““ ‘5? .E nullllln T T i T T T T T T T T T T T T T T T T 1
150° 67 : €& & & & & &
160° 78 I FPRPFLPEELPFFEPFTPEEE PSS
170° 89
190" 3 Average Water Temperature (AWT)
Soume MR ASHRAE Manciock - MLAE Speiems e Bgiapmend, Chapier 35
190° 1.13

* Lower temperatures require more heat transfer area
* Temperature Limitations of Available Methods

* Retrofit issues

e Terminal Units

e Laminar flow 38
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Reheat Coil Capacity Impact from Reduced

EWT

Table 2. Reheat Coil Selection Samplas

Height Length Oversizing  LAT (°F)  Load (MBH) EWT (°F)  LFT(°F) Flow (GPM) Rows FPI

Inside

(inch)  (inch)

1 a a 0% 90.9 11.8 180 156.6 1.0 2 &

2 B 0% 50.5 116 180 1455 0.7 z o When Is Too Much
3 g 8 0% 87.5 10.7 180 137.7 0.5 2 g Delta T Too Much?
1 g ) 0% 90.7 1.7 170 146.9 1.0 2 8 Part 2 - Get’[mg real

5 ] 8 0% 87.4 106 170 1385 0.7 2 8 about reheat

6 Q 8 0% B88.0 10.8 170 1271 0.5 2 10 Dustnct Energy / Second Quarter 2007
7 a a8 0% 86.6 10.4 160 139.7 1.0 2 &

8 g 8 0% B8.0 10.8 160 128.0 0.7 2 10

9 a 8 0% B87.3 10.6 160 118.0 0.5 2 12

10 9 8 0% 87.2 10.6 150 129.4 1.0 2 10

1 9 12 50% B6.4 10.3 150 119.4 0.7 2 8

12 9 12 50% B7.0 10.5 150 108.5 0.5 2 10

13 a 12 50% 89.2 11.2 140 118.0 1.0 2 10

14 g 12 50% B6.3 10.3 140 109.6 0.7 2 10

15 Q 12 50% B7.6 10.7 140 vy 0.5 2 12

16 9 14 75% 87.0 10.5 130 109.5 1.0 2 10

17 12 14 133% 86.5 10.3 130 99.7 0.7 2 10

18 12 14 133% 86.6 10.4 130 88.9 0.5 2 12

19 12 14 133% 85.7 10.1 120 100.3 1.0 2 10

20 12 14 133% 71.4 5.4 120 104.0 0.7 2 12

21 12 14 133% 6E.8 4.3 120 102.0 0.5 2 14

22 12 14 133% 72.9 59 110 98.5 1.0 2 14

23 12 14 133% £9.0 46 110 96.5 0.7 2 14

24 12 14 133% 66.5 3.8 110 95.2 0.5 2 14 39
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Difficulties in Retrofitting Existing HVAC

Systems

____________________

. I [Accommodates 1ff:ﬁéurd
» Gas forced air furnaces ! evaporajorcased coils)
* For District heating, add HW coil, new fan

* Typically, no vertical space above residential
furnace

* Need to replace furnace/AHU due to higher
static, etc.
* Hydronic systems
* Lower supply temperatures mean larger coils
to obtain the same capacity
* Steam systems

* Possible to reuse radiators, but they will be
derated

* Possible, but very difficult due to condensate
piping is smaller than steam piping BLOWER

i e —

40
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Pre-manufactured Substations / ETS
~125 MBH Direct/Indirect (Heating & DHW)

CIRCUIT DIAGRAM - EXAMPLE

B Heatexchanger
g Strainer
i : 14 Sensor pockel, energy meler
DHW — e 21 Tobe ordered separately
] 31 Differential pressure controfler
.’ 41A Fitting piece, Cold water mains 47 x 80 mm
“ | 418 Fitting piece, energy meter 6% x 110 mm
e e o | B | i 63 Sieve
_______..___=_I_|J r B | i 68 Onfoffvalve
oW = o o] i| 1% 72 HPT
. N
[ Al i |
WM —— =22 S EEF
I E—
______________ Images courtesy of Danfoss
I
ﬂH — “ f E —_— H'E
supply S— 3 ¢ Supply
i
i
L - §
- — F o] i Fi ] a— HE
Retuim "'""'"""“"':’"""""'ﬁ'""&j‘"";‘“"""""""""""""""""" Return

* Thank goodness for the Europeans!
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Pre-manufactured Substations / ETS

~125 MBH Indirect (Heating & DHW)

CIRCUIT DIAGRAM 47 1 Plate heat exchanger HE 17 Air vent
¥ 2 Plate heat exchanger PIWH 19 Fill/ Drgin valve
4 Differential pressure contrafler 23 Sensor pocket for energy meter 33°
5 Strainer 24 Fitting piece for energy meter3/4"x 110 mm
g 6 Non-return valve 29 Actuator TWA
7 Ballvave 30 Thermostat FTC/RAC
PIVH -—: ] — & Cr:rcu.'an‘on,r_mmpHEzmv 33 Blind plate
& Circulation pump PWH 38 FTC2 controller
11 Safety valve HE 3 bar 427 40 Danfoss FIVR far Bypass/Cirkulation
12 Safetyvahe PUWH 10 bar 157 52 Zone vahve RA-C
B +—: I = 15 Manometer 57 Lgfety thermostat 5TSS
%'I-%m 16 Exponsion vessel 10L
N g HE
. . ‘-:;" Civr. s T45SHINES EE § ! } = Supply
L et | K . - : %
nH . 3 Ii:l 3. : 3 - r . Floor heating
Supply e 57 Supmly
g 1 18
o+ . 2 < b . @J—' ® Floor heating
Return M jﬂj— _@ e : Returr
A0 F1
m . HE
L Return
el fAT Happie, WG N AT WG Ml Trm i ET Hepple WG el

Images courtesy of Danfoss 42
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Pre-manufactured Substations / ETS

~460 MBH Indirect (Heating Only)

CIRCUIT DIAGRAM 2. Plate heat exchancger 20, Balarcing valve
6A, Nor-returm vahe 25, Controfler Darnfoss ECL 1710*
68, Non-returm valve 28, Sensor
| 7. Ballvaive 3. Actuator
i 9. Circwlation purmp A 32, Vole*
- 12, Sofety valve
13, Thermometer | Can beordaned with Danfoss ECL 370 as
[ S - replacament fior ECL 170 aran additional
r—-==—==7-=7=7"777"7"77 Ao ai fmrge
: :: ) Altamatively with sel-octing thermostatis)
i [
I (L}
DH 7B 1 28
supply [><J : sl Eﬁ} 7B
: i T <] PWH
1 1
1 1
I -
i 2z - H
: 1
1
1
13 M1 131 :
DH 7B BA 1 7B
Return [ ? S - " [==] FWC
1
1
1
Qi —p 20 [=1=
7 P
Cire.

Images courtesy of Danfoss
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Pre-manufactured Substations / ETS
Small Apartment Bldgs (340 to 500 MBH)

CIRCUIT DIAGRAM - EXAMPLE

A Plate heatexchanger, HE 19 Surface Seénsa
E DRW tank with coul 20 Filliey S vaie
F Electranic controdlar 23 Tesi conmaction
i Bl warhve M Deftverad loose with unit
T bk | 2 14 Ball valve, DUGW 26 Manomerer
e [~ = 230 4 Sofery valve 27 Actuaror
7 Thermostanc valve 20 F-way molarired valve
q Strainar I8 Expaniiodt fank
DEW e = == 10 Circwlation pump, HE @7 Filting pace, ragl mater
E ] £ 14 Sensorpacket, heat meter 48 AiF e0ape, madnual
: 16 Ourdoor sensor 50 Differential preciure
oW = — — — — — — ':qu 15 Thermuometer confrofer wio Mow lirdnar
-
:' o
i
H
K ey 22 @ 1 i S 12 B HE
¥ — I o i r : [} — T: n r —— 5 oy
| ]
| ]
| ] -
H o s v o= - TTTTY
! P 1 ' . o HE EEEE "EEEE
0N —— " a 2 - = g 19 ik 1] ] H -
Retyry —- === =_J._-_i_ﬁ__}__l___-__m_ﬁ -.!.m .?_;;“._1 _____ _{'}-E___'%E____T_"____ Feraen .

Images courtesy of Danfoss
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Pre-manufactured Substations / ETS

Larger installation (up to 5,000 MBH)

| at—— e -

CIRCUIT

—— ®/ - E E SPACE HEATING

T

\® e

SFACH HEATIG HEAT EITHARGEE
SFALE HEATIRG TERMDRECLA NTORT WALWVE
o £ HEATIRE

*

STOE BALLWALST 1 @\ I

FLITH z __' ’/@
DC CPECE VALY 1

HERT RLTIE, & —

L 2 Sy

DOMESTIC
HOT WATER
CIRCUIT

STORNGT
F.FFFR

SECOIDH EY SVSTEM DI dH WhLVE 1

C
2
e

BRCOAMDEY SYSTER SHUTSF WALV roanosersTe s ||

EO N LORDING '3 Pal — H

HERT EXC HRPOCEN RO CORAES T HOTWAIER £

FEFRFE LA TR WALVE O DOWESK. o Wk 5] \@

B |G FLH DOMEST I B Wi LR ™

TR AR e SUFFLY LIAIT E cna
LA AND PIROTECTION DEVCES [ L |
LR T

NPLATES FILTER A3

Images courtesy of Stea S.p.A
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Field Erected Energy Transfer Stations
Larger installation (>5,000 MBH)

* May be able to get pre-manufactured units, but
for retrofit must fit through standard door
opening, therefore, typically field erected or
“stick built”

e Example of District Heating Thermal and
Domestic HW BPHE

* Not shown: pump, meters, instrumentation

46
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Delivering Domestic Hot Water Efficiently

cold water in

High-Efficiency

Hybrid Electric Standard

Heat Pump Electric Tank
hean pump _— C Laer;t(e\lf'\ﬁter Water Heaters:
f ENT-50
bt alr i [ —— m -
s O pa re - PROLINE® XE PROLINE"
EVEPORAET 0l EST
Single Shower Length 33 minutes 27 minutes
' heat pump Back-to-Back Showers 4.2 showers 3.4 showers
i e enld air ot
\ | Showers at the Same Time 2.9 showers 2.9 showers
- coid air ou eleciric heating Maximum Tub Size 85 gallons 75 gallons
alemanis
oM NEE S0 ENERGY STAR® Certified @
waater tank
PEpAnson vahe cancenser coil UEF 345 0.92
filled with hok
redrigerant heats
water i tank Warranty 6 - 10 Years 6 Years

Image courtesy EPA Energy Star® Images courtesy of A.O Smith

 How to get to 140°F Efficiently for larger volumes

e Hybrid Electric Heat Pump Tank Water Heaters
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Community Heat Pump Energy Planning Resources

se9  DISTRICT e

COOLING OWNER’S GUIDE
DISTRICT HEATING GUIDE GUIDE tor BUILDINGS SERVED

SECOND EDITION hy DISTRICT COOLING

Comprehensive Reference for Building Owners

Comprehensive Reference C lete Ref
k omplete keterence District Cooling System Attributes « Design Necessities = Coping with Deficiencies
Planning & System Selection = Central Plants « Distribution Systems

* Heat Transfer Calculations = System O&M e Consumer Interconnection Planning & System Selection + Central Plants + Distribution Systems

* Thermal Storage * System O&M « End User Interface
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Community Heat Pump Energy Planning Resources (Cont.)

[y Y \_;I J I.‘, -.'.I | I‘ A |‘ [NTERS ATHIN AL EXERGY AOENCY
I L e o Il — - IEA Dnsrricr HEamiyie asie CooLinG
! \ ~ 1 e W
‘ — S E e /O
I N | |—‘l| |‘~._.-1 | r‘

Frogramme of Research, Development and Deminsration an
Dstricl Healimg and Coaling

District Heating and Cosling Connection Handbook

Bord Sageasd!, Pewr Wildsasin

& INTERMATIONAL
s DISTRICT EMERGY
& ASSOCIATION
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Additional District Energy Reading

=3 INTERNATIONAL ENERGY AGENCY TECHNOLOGY COLLABORATION PROGRAMME ON
IEADHC DISTRICT HEATING AND COOLING

AnnexTS2 | Implementation of
Low-Temperature District Heating Systems

— = i - t
e T 1_a]|
o e -

FINAL REPORT
LOW-TEMPERATURE DISTRICT HEATING
IMPLEMENTATION GUIDEBOOK

S FRAU?\I_I:%ER VERLAG

Technology Collaboration Programme
bylea

* 2021 publication

https.//publica.fraunhofer.de/eprints/urn_nbn_de_0011-n-6402040.pdf

District Heating Networks

Handbook on Plan'ning of

g o
.‘w%rg,
P
TN
I
£ 4
X
3 a7
b =
<2 *
i
o
=5n
=
o
b
2
@
— (s 8% energieschweiz
District Unser Engagement: unsere Zukunft,
Heatina
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Community Heat Pump Energy Planning Resources (Cont.)

CP1 HEAT NETWORKS:
CODE OF PRACTICE DESIGN GUIDE: HEAT
FOR THE UK (2020) NETWORKS
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/-
Join us for the next webinar in ASH‘ RAE/

the series: Learning Institute

. Date: December 15, 2021

J Topic: Commercial Scale In-Building Equipment for
4th & 5th Generation Water Sources

Register at https://www.ashrae.org/CHPSWebinars
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NEWYORK | NYSERDA
NYSE RDA RESOu rces OPPORTUNITY.

Funding Opportunity PON 4614
Fact Sheets of Prior Winners at PON 4614

List of Solution Providers focused on this Marketplace

YV V VYV VY

Report regarding Regulatory Issues affecting this
Marketplace

A\

Please see www.nyserda.ny.gov/district-thermal-
systems
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®

ASHRAE Task Force for Building ASHRAE
Decarbonization Learning Institute

Learn about the ASHRAE
Decarbonization Initiative and the
ASHRAE Task Force for Building
Decarbonization (TFBD) at

https://www.ashrae.org/decarb
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Explore ASHRAE Learning Institute Courses ~ ASHRAE

Learning Institute

https://www.ashrae.org/instructor-led-courses

>

YV VV VYV

Find a Topic that Fits You:

Commissioning

Energy Efficiency
Environmental Quality
HVAC&R Applications
Standards and Guidelines
CoV-2 Mitigation

See all the ways to learn and grow with ASHRAE at
https://www.ashrae.org/professional-development/learning-portal
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Evaluation and Certificate

L ASHRAE values your comments. All webinar registrants will receive a
separate email from ALI-Education (edu@ashrae.org) with a link to the
Webinar Survey and Certificate of Attendance. Once the survey is
complete, you will be directed to the certificate. Questions should be sent
to edu@ashrae.org.

U A copy of the presentation is available at:
https://www.ashrae.org/consumerdsgn2021NYSERDAchp

QIf you have any questions about the webinar certificate, please contact
Kelly Arnold, Coordinator Professional Development,
karnold@ashrae.org.

QIf you have any questions about the webinar presentation, please contact
Tiffany Cox, Course Administrator, tcox@ashrae.org.
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ASHRAE Certification

- More than 3,000 certifications earned to-date ASHHAE

- Elevate your reputation among peers, in the workplace and among clients \ /
- NEW! Digital Badging: Certified

.

i 2
& HBDP
@ CeRTimED /
O

O Embedded metadata uniquely linked to you
0 Shareable in electronic media, including LinkedIn and email

O Instant recognition, with real-time, third-part verification

- Visit www.ashrae.org/certification to learn more

57

©2021 ASHRAE (www.ashrae.org). For personal use only. Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE's prior written permission.


https://www.youracclaim.com/badges/3e4a93d4-5dce-46d2-b716-a6520d5b05f8/public_url
http://www.ashrae.org/certification

	Slide Number 1
	Design for the Consumer Interconnection for District/Community Energy Systems��
	Copyright
	�AIA/CES Registered Provider
	Learning Objectives
	Instructors
	Slide Number 7
	Community Heat Pump Systems
	Standard Definitions and Concepts�District Heating and Cooling Systems
	Standard Definitions & Concepts�DH Building Interconnection Terms
	Standard Definitions & Concepts�DH Building Interconnection Terms
	The Generations of District Heating
	Generations of District Heating (cont.)
	5th Generation District Energy Systems 
	ETS Standard Design Concepts�Understanding Your Load
	ETS Standard Design Concepts�Load Estimation – Old School Rule of Thumb
	ETS Standard Design Concepts�Load Estimation – Newer School Rule of Thumb
	Standard Definitions & Concepts �Configuration & Main ETS Components
	Standard Definitions & Concepts�Direct Connection – District Pumped
	Standard Definitions & Concepts�Direct Connection – Building Pumped
	Standard Definitions & Concepts�Indirect Connection
	Standard Definitions & Concepts�Direct vs. Indirect Connection Comparison
	ETS Standard Design Concepts�Layout & Enhancements
	Standard Definitions & Concepts�ETS Components – Flow Meters
	Standard Definitions & Concepts�ETS Components – Flow Meters - Submetering
	Standard Definitions & Concepts �Heat Exchangers
	Standard Definitions & Concepts �Heat Exchanger Best Practices – What to Specify
	Standard Definitions & Concepts �Controller & Instrumentation
	Standard Definitions & Concepts �Control Valves
	Standard Definitions & Concepts �Pipe Sizing and Design
	Standard Definitions & Concepts �Galvanic Corrosion – Need for Dielectric Fittings
	ETS Components:�Who Typically Provides What?
	ETS Components:�Who Typically Provides What?
	System Supply Temperature Requirements
	Typical HW System Supply Temperatures
	Ease of Retrofits – Conversion Suitability
	Delivering space Heat�Baseboard Limitations
	Delivering space Heat�Baseboard Radiation Impact of Lower EWT
	Reheat Coil Capacity Impact from Reduced EWT
	Difficulties in Retrofitting Existing HVAC Systems
	Pre-manufactured Substations / ETS�~125 MBH Direct/Indirect (Heating & DHW)
	Pre-manufactured Substations / ETS�~125 MBH Indirect (Heating & DHW)
	Pre-manufactured Substations / ETS�~460 MBH Indirect (Heating Only)
	Pre-manufactured Substations / ETS�Small Apartment Bldgs (340 to 500 MBH)
	Pre-manufactured Substations / ETS�Larger installation (up to 5,000 MBH)
	Field Erected Energy Transfer Stations�Larger installation (>5,000 MBH)
	Delivering Domestic Hot Water Efficiently
	Community Heat Pump Energy Planning Resources
	Community Heat Pump Energy Planning Resources (Cont.)
	Additional District Energy Reading
	Community Heat Pump Energy Planning Resources (Cont.)
	Join us for the next webinar in the series:
	NYSERDA Resources
	ASHRAE Task Force for Building Decarbonization
	Explore ASHRAE Learning Institute Courses	
	Evaluation and Certificate
	ASHRAE Certification

