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Copyright Materials 

• Copyright 2014 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.

• This is not an ASHRAE Leaning Institute 

Presentation



3 © 2014 ASHRAE Learning Institute

Standard 90.1 Committee, Denver 2013

46 voting members
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Historical Efficiency Improvements
Significant progress has been made in improving

the energy efficiency of buildings and HVAC equipment
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First-Cost DOE 90.1-2013
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Savings DOE 90.1-2013

https://www.federalregister.gov/articles/20

15/11/06/2015-28078/energy-efficiency-

standards-for-new-federal-commercial-and-

multi-family-high-rise-residential#t-2
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LIGHTING POWER TABLES
2013 
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Space-by-Space Method
Table 9.6.1, Part 1
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9.4.1.1 INTERIOR LIGHTING CONTROLS 

e. Automatic daylight responsive controls for sidelighting

In any space where the 

combined input power of all 

general lighting completely or 

partially within the primary and 

secondary sidelighted areas is 

300 W or greater, 

the general lighting in the primary 

sidelighted areas and secondary 

sidelighted areas shall be 

controlled by photocontrols.
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9.4.1.2

Parking Garage Lighting Control (1)

a. Parking garage shall have automatic lighting shutoff per 

Section 9.4.1.1(i) 

– (Scheduled shutoff). 

b. Lighting power for each luminaire shall automatically be 

reduced by 30% when no activity detected in lighting 

zone for 20 minutes. 

– Maximum zone size here is 3600 ft2. 

– Exempt: Daylight transition zones and ramps without 

parking
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9.4.1.2

Parking Garage Lighting Control (2)

c. Lighting for covered vehicle entrances and exits from 

buildings and parking structures:

– Shall be separately controlled by device

– Automatically reduce lighting by 50% or more 

– From sunset to sunrise

d. Daylight control: Power to luminaires within 20 ft of any 

perimeter wall structure shall be automatically reduced in 

response to daylighting, if:

– There is a net opening-to-wall ratio of at least 40%

– And there are no exterior obstructions within 20 ft. 
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ENVELOPE IMPROVEMENT
2013
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Opaque Stringency Increases

From 2004 to 2013 - Roofs
Building Opaque Envelope Nonresidential Insulation Minimum R-Value Requirements

Climate Zones (CZ)

Roofs CZ 1 CZ 2 CZ 3 CZ 4 CZ 5 CZ 6 CZ 7 CZ 8

Insulation Entirely above Deck 90.1-2004 R-15.0 ci R-15.0 ci R-15.0 ci R-15.0 ci R-15.0 ci R-15.0 ci R-15.0 ci R-20.0 ci

90.1-2007 R-15.0 ci R-20.0 ci R-20.0 ci R-20.0 ci R-20.0 ci R-20.0 ci R-20.0 ci R-20.0 ci

90.1-2010 R-15.0 ci R-20.0 ci R-20.0 ci R-20.0 ci R-20.0 ci R-20.0 ci R-20.0 ci R-20.0 ci

90.1-2013 R-20.0 ci R-25.0 ci R-25.0 ci R-30.0 ci R-30.0 ci R-30.0 ci R-35.0 ci R-35.0 ci

Metal Building 90.1-2004 R-19.0 R-19.0 R-19.0 R-19.0 R-19.0 R-19.0 R-19.0
R-13.0 + R-

19.0

90.1-2007 R-19.0 R-19.0 R-19.0 R-19.0 R-19.0 R-19.0 R-19.0
R-13.0 + R-

19.0

90.1-2010 R-19.0
R-13.0 + R-

13.0

R-13.0 + R-

13.0

R-13.0 + R-

13.0

R-13.0 + R-

13.0

R-13.0 + R-

19.0

R-13.0 + R-

19.0

R-13.0 + R-

19.0 Ls

90.1-2013
R-10.0 + 

R-19 FC

R-10.0 + R-

19 FC

R-10.0 + R-

19 FC

R-19 + R-

11 Ls or R-

25 + R-8 Ls

R-19 + R-

11 Ls or R-

25 + R-8 Ls

R-25 + R-

11 Ls

R-30 + R-

11 Ls

R-25 + R-

11 + R-11 

Ls

Attic and Other 90.1-2004 R-30.0 R-30.0 R-30.0 R-30.0 R-30.0 R-38.0 R-38.0 R-38.0

90.1-2007 R-30.0 R-38.0 R-38.0 R-38.0 R-38.0 R-38.0 R-38.0 R-49.0

90.1-2010 R-30.0 R-38.0 R-38.0 R-38.0 R-38.0 R-38.0 R-38.0 R-49.0

90.1-2013 R-38.0 R-38.0 R-38.0 R-49.0 R-49.0 R-49.0 R-60.0 R-60.0
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Opaque Stringency Increases

From 2004 to 2013 - Walls
Building Opaque Envelope Nonresidential Insulation Minimum R-Value Requirements

Climate Zones (CZ)

Walls, Above Grade CZ 1 CZ 2 CZ 3 CZ 4 CZ 5 CZ 6 CZ 7 CZ 8

Mass 90.1-2004 NR NR R-5.7 cia, b R-5.7 cia, b R-7.6 ci R-9.5 ci R-11.4 ci R-13.3 ci

90.1-2007 NR R-5.7 cia, b R-7.6 ci R-9.5 ci R-11.4 ci R-13.3 ci R-15.2 ci R-15.2 ci

90.1-2010 NR R-5.7 cia, b R-7.6 ci R-9.5 ci R-11.4 ci R-13.3 ci R-15.2 ci R-15.2 ci

90.1-2013 NR R-5.7 cia, b R-7.6 ci R-9.5 ci R-11.4 ci R-13.3 ci R-15.2 ci R-19.0 ci

Metal Building 90.1-2004 R-13.0 R-13.0 R-13.0 R-13.0 R-13.0 R-13.0 R-13.0 + R-13.0 R-13.0 + R-13.0

90.1-2007 R-13.0 R-13.0 R-13.0 R-13.0 R-13.0 R-13.0 R-13.0 + R-13.0 R-13.0 + R-13.0

90.1-2010 R-16.0 R-16.0 R-19.0 R-19.0 R-13.0 + R-5.6 c.i. R-13.0 + R-5.6 c.i. R-19.0 + R-5.6 c.i. R-19.0 + R-5.6 c.i.

90.1-2013 R-0 + R-9.8 c.i. R-0 + R-9.8 c.i. R-0 + R-9.8 c.i. R-0 + R-15.8 c.i. R-0 + R-19.0 c.i. R-0 + R-19.0 c.i. R-0 + R-22.0 c.i. R-0 + R-25.0 c.i.

Steel Framed 90.1-2004 R-13.0 R-13.0 R-13.0 R-13.0 R-13.0 + R-3.8 ci R-13.0 + R-3.8 ci R-13.0 + R-7.5 ci R-13.0 + R-7.5 ci

90.1-2007 R-13.0 R-13.0 R-13.0 + R-3.8 c.i. R-13.0 + R-7.5 c.i. R-13.0 + R-7.5 c.i. R-13.0 + R-7.5 c.i. R-13.0 + R-7.5 c.i. R-13.0 + R-7.5 c.i.

90.1-2010 R-13.0 R-13.0 R-13.0 + R-3.8 c.i. R-13.0 + R-7.5 c.i. R-13.0 + R-7.5 c.i. R-13.0 + R-7.5 c.i. R-13.0 + R-7.5 c.i. R-13.0 + R-7.5 c.i.

90.1-2013 R-13.0 R-13.0 + R-3.8 c.i. R-13.0 + R-5.0 c.i. R-13.0 + R-7.5 c.i. R-13.0 + R-10.0 c.i. R-13.0 + R-12.5 c.i. R-13.0 + R-12.5 c.i. R-13.0 + R-18.8 c.i.

Wood Framed 

and Other
90.1-2004 R-13.0 R-13.0 R-13.0 R-13.0 R-13.0 R-13.0 R-13.0 R-13.0 + R-7.5 ci

90.1-2007 R-13.0 R-13.0 R-13.0 R-13.0 R-13.0 + R-3.8 c.i. R-13.0 + R-7.5 c.i. R-13.0 + R-7.5 c.i. R-13.0 + R-15.6 c.i.

90.1-2010 R-13.0 R-13.0 R-13.0 R-13.0 R-13.0 + R-3.8 c.i. R-13.0 + R-7.5 c.i. R-13.0 + R-7.5 c.i. R-13.0 + R-15.6 c.i.

90.1-2013 R-13.0 R-13.0 R-13.0
R-13.0 + 

R-3.8 c.i.

R-13 + R-7.5 c.i. or 

R-19 + R-5 c.i.

R-13 + R-7.5 c.i. or 

R-19 + R-5 c.i.

R-13 + R-7.5 c.i. or 

R-19 + R-5 c.i.
R-13.0 + R-18.8 c.i.
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Fenestration Prescriptive Req.:

90.1-2004 thru 90.1-2013

Max. U, 

of Fenestration Assembly

Max. SHGC, 

of Fenestration Assembly

Vertical Fenestration, ≤ 40% of Wall CZ 1 CZ 2 CZ 3 CZ 3C CZ 4 CZ 5 CZ 6 CZ 7 CZ 8 CZ 1 CZ 2 CZ 3
CZ 

3C
CZ 4 CZ 5 CZ 6 CZ 7 CZ 8

90.1-2004 Fixed, all, <= 40%
1.2 1.2 0.6 1.22 0.6 0.6 0.6 0.6 0.5

All at 

20%
0.25 0.25 0.25 0.39 0.39 0.39 0.39 0.49 NR

Fixed, north, <= 40% N at 20% 0.61 0.61 0.49 0.61 0.49 0.49 0.49 0.64 NR

Operable, all, <= 40%
1.3 1.3 0.7 1.27 0.7 0.7 0.7 0.7 0.5

All at 

40%
0.25 0.25 0.25 0.34 0.39 0.39 0.39 0.49 NR

Operable, north, <= 40% N at 40% 0.44 0.61 0.39 0.61 0.49 0.49 0.49 0.64 NR

90.1-2007 Nonmetal framing, all 1.20 0.75 0.65 0.40 0.35 0.35 0.35 0.35

0.25 0.25 0.25 0.40 0.40 0.40 0.45 0.45

Metal framing, curtainwall

etc.
1.20 0.70 0.60 0.50 0.45 0.45 0.40 0.40

Metal framing, all other 1.20 0.75 0.65 0.55 0.55 0.55 0.45 0.45

Metal framing, entrance 

door
1.20 1.10 0.90 0.85 0.80 0.80 0.80 0.80

90.1-2010 Nonmetal framing, all 1.20 0.75 0.65 0.40 0.35 0.35 0.35 0.35

0.25 0.25 0.25 0.40 0.40 0.40 0.45 0.45

Metal framing, curtainwall

etc.
1.20 0.70 0.60 0.50 0.45 0.45 0.40 0.40

Metal framing, all other 1.20 0.75 0.65 0.55 0.55 0.55 0.45 0.45

Metal framing, entrance 

door
1.20 1.10 0.90 0.85 0.80 0.80 0.80 0.80

90.1-2013 Nonmetal framing, all 0.5 0.4 0.35 0.35 0.32 0.32 0.32 0.32

0.25 0.25 0.25 0.40 0.40 0.40 0.45 0.45

Metal framing, fixed 0.57 0.57 0.50 0.42 0.42 0.42 0.38 0.38

Metal framing, operable 0.65 0.65 0.60 0.50 0.50 0.50 0.40 0.40

Metal framing, entrance 

door
1.10 0.83 0.77 0.77 0.77 0.77 0.77 0.77
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Fenestration Prescriptive Req.:

90.1-2004 thru 90.1-2013

Min. VT/SHGC, 

of Fenestration Assembly

Vertical Fenestration, ≤ 40% of Wall CZ 1 CZ 2 CZ 3 CZ 4 CZ 5 CZ 6 CZ 7 CZ 8

90.1-2004 Fixed, all, ≤ 40%

Fixed, north, ≤ 40%

Operable, all, ≤ 40%

Operable, north, ≤ 40%

90.1-2007 Nonmetal framing, all

Metal framing, curtainwall, etc.

Metal framing, all other 

Metal framing, entrance door

90.1-2010 Nonmetal framing, all

Metal framing, curtainwall, etc.

Metal framing, all other 

Metal framing, entrance door

90.1-2013 Nonmetal framing, all

1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10
Metal framing, fixed

Metal framing, operable

Metal framing, entrance door
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Light-to-

Solar Gain 

Ratio for 

insulating 

glass units 

for all 

glasses in 

LBNL 

International 

Glazing Data 

Base (IGDB)

Light-to-Solar Gain Ratio
LSG = 2.0

Tvis

SHGC

CZ 1-3 CZ 4-6

CZ 7-8 non-res.

New 
VT/SHGC 
≥ 1.10  
Req. in 
2013

LSG = 1.0

LSG:  

Light-to-Solar Gain Ratio  

=   VT / SHGC
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If Glass Cannot Be Avoided — Shade It

Shaded – 88oF

Not shaded – 121oF
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Fenestration & Doors

NFRC shall be used to 

determine compliance for:

• U-Factor 

– NFRC 100   

• Solar Heat Gain Coefficient

– NFRC 200

• Visible Light Transmittance

– NFRC 200   

• Air Leakage

– NFRC 400

References to updated NFRC test procedures were updated via Addendum q to 90.1-2010.
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Fenestration Prescriptive 

Requirements

5.5.4.2.3 Minimum Skylight Fenestration Area. In any enclosed space 

in a building that is four stories or less and that is:

a. greater than 5,000 ft2 2,500 ft2 and,

b. directly under a roof with ceiling heights greater than 15 ft, and

c. one of the following space types: office, lobby, atrium, concourse, 

corridor, storage (including non-refrigerated warehouse), gymnasium, 

fitness/exercise area, playing area, gymnasium seating area, convention 

exhibit/event space, courtroom, automotive service, fire station engine room, 

manufacturing corridor/transition and bay areas, retail, library reading and 

stack areas, distribution/sorting area, transportation baggage and seating 

areas, or workshop,

the total daylight area under skylights shall be a minimum of half the 

floor area and either:

a. provide a minimum skylight area to daylight area under skylights of 3% 

with a skylight VT of at least 0.40 or

b. provide a minimum skylight effective aperture of at least 1%.
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Changes to Mechanical
sections 6 & 7
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Refrigeration New for 2013 (see 6.5.11-6.4.5-6.4.6) 

• 6.1.1.1 New Buildings. Mechanical equipment and systems 

serving the heating, cooling, ventilating, or refrigeration needs of 

new buildings shall comply with the requirements of this section 

as described in Section 6.2.

• 6.1.1.2 Additions to Existing Buildings. Mechanical 

equipment and systems serving the heating, cooling, ventilating, 

or refrigeration needs of additions to existing buildings shall 

comply with the requirements of this section as described in 

Section 6.2.

• 6.1.1.3.1 New HVACR equipment as a direct replacement of 

existing HVACR equipment shall comply with the specific 

minimum efficiency requirements applicable to that equipment.
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New Definition for Piping

• piping: the pipes or tubes interconnecting the 

various parts of a fluid distribution system, including 

all elements that are in series with the fluid flow, 

such as pumps, valves, strainers, and air separators, 

but not including elements that are not in series with 

the fluid flow, such as expansion tanks, fill lines, 

chemical feeders, and drains
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DCV Control

6.4.3.9 Ventilation 

Controls for High-

Occupancy Areas. Demand 

control ventilation (DCV) is 

required for spaces larger 

than 500 ft2 and with a 

design occupancy for 

ventilation of greater than 

25 people per 1000 ft2 of 

floor area.
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6.4.3.10 Direct Digital Control (DDC) 

Requirements (Shall be Provided)
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6.4.3.10.2 DDC Controls

The DDC system shall be capable of all of

the following, as required, to provide

the control logic required in Section 6.5:

Monitoring zone 
and system 

demand for fan 
pressure, pump 

pressure, heating 
and cooling

Transferring zone 
and  system 

demand  
information from 

zones to air 
distribution system 
controllers and from 

air distribution 
systems to heating 
and cooling plant 

controllers

Automatically 
detecting those 

zones and systems 
that may be 

excessively driving 
the reset logic and 
generate an alarm 
or other indication 

to the system 
operator 

Readily allowing 
operator removal of 

zone(s) from the 
reset algorithm
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6.4.3.10.3 DDC Display

DDC must trend and graphically display input and output points
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HVAC Prescriptive Requirements

6.5.2.1 Zone Reheat Limitation (No DDC)

Minimum Setpoint no 

larger than the larger of: 

• 30% of peak

• 0.4 cfm/ft2

• Min. OA vent. rate

• 300 cfm

• Approved alternate

•Required by other codes

 

HOT 

WATER

Reheat Energy

VAV Reheat Zone
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HVAC Prescriptive Requirements 6.5.2.1 

Zone Reheat Limitation (with DDC)

• 20% of design peak 

airflow

• Reheated air can be 

50% of design peak 

airflow

• Air between dead 

band and full heating 

or cooling is 

modulated
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EXCEPTIONS: 

• WARM-UP OR SETBACK

• LABS

6.5.2.1.1 Overhead Supply Air 

Temperatures Limited
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6.5.3.1.3 Fan Efficiency

FEG (fan efficiency grade) ≥ 67

Design total efficiency ≥ maximum 

fan total efficiency -15%-points 

From amca.org website

Air Movement and Control Association
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HVAC Prescriptive Section 6.5.3.2.2

Static Pressure Sensor Location

• 6.5.3.2.3 VAV Setpoint Reset

– For systems with digital control at zone level, setpoint must 

be reset based on zone requiring greatest pressure.

– The setpoint is reset lower until one zone damper is nearly 

wide open.

• 6.5.3.2.2 VAV Sensor controlling fan must be located 

such that its setpoint ≤ 1.2 in. wc

– If this results in the sensor being located downstream of 

major duct splits, multiple sensors shall be installed in each 

major branch. Exception: Systems using 6.5.3.2.3
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6.5.3.5 Fractional Horsepower Fan Motors

Electrically-Commutated Motors

1/12 HP ≤ 
Motors ≤ 

1HP 

Minimum 
rated 

efficiency 
70%

Adjust 
speed for 

balancing or 
remote 
control
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6.5.4.1 Boiler Turndown

The system turndown requirement shall be met through the use 

of multiple single-input boilers, one or more modulating boilers, 

or a combination of single-input and modulating boilers.
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6.5.6 Energy Recovery

Many Exceptions including heating in Zones 1&2; cooling 

in Zones 3c, 4c, 5b, 5c, 6b, 7 and 8; and any system that 

has less than 75% of the exhaust at a single location
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6.5.6 Energy Recovery

Many Exceptions including heating in Zones 1&2; cooling 

in Zones 3c, 4c, 5b, 5c, 6b, 7 and 8; and any system that 

has less than 75% of the exhaust at a single location



37 © 2014 ASHRAE Learning Institute

6.5.10 Door Switches

Any conditioned 
space with a door

Cooling: reset 
setpoint to ≥ 90ºF
≤ 5 min of opening 
or disable cooling

Heating: reset 
setpoint to ≤ 55ºF
≤ 5 min of opening 
or disable heating

Exception:

Doors with 

closers
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7.5.3 Buildings with High-Capacity 

Service Water Heating Systems

• New Buildings

• Installed input capacity ≥ 1,000,000 Btu/h

• Minimum thermal efficiency (Et) of 90%

• Can use input capacity averaging over multiple units 


	Standard 90.1-2013��Things you should know�
	Copyright Materials 
	Standard 90.1 Committee, Denver 2013
	 Historical Efficiency Improvements
	First-Cost DOE 90.1-2013
	Savings DOE 90.1-2013
	Lighting power tables
	Space-by-Space Method
	9.4.1.1 INTERIOR LIGHTING CONTROLS  �e. Automatic daylight responsive controls for sidelighting
	9.4.1.2 �Parking Garage Lighting Control (1)
	9.4.1.2 � Parking Garage Lighting Control (2)
	EnvelopE improvement
	Opaque Stringency Increases�From 2004 to 2013 - Roofs
	Opaque Stringency Increases�From 2004 to 2013 - Walls
	Fenestration Prescriptive Req.:�90.1-2004 thru 90.1-2013
	Fenestration Prescriptive Req.:�90.1-2004 thru 90.1-2013
	Fenestration & Doors
	Fenestration Prescriptive Requirements
	Changes to Mechanical� sections 6 & 7
	Refrigeration New for 2013 (see 6.5.11-6.4.5-6.4.6) 
	New Definition for Piping
	DCV Control
	6.4.3.10 Direct Digital Control (DDC) Requirements (Shall be Provided)
	6.4.3.10.2 DDC Controls
	6.4.3.10.3 DDC Display
	HVAC Prescriptive Requirements�6.5.2.1 Zone Reheat Limitation (No DDC)
	HVAC Prescriptive Requirements 6.5.2.1 Zone Reheat Limitation (with DDC)
	6.5.3.1.3 Fan Efficiency
	HVAC Prescriptive Section 6.5.3.2.2 Static Pressure Sensor Location
	6.5.3.5 Fractional Horsepower Fan Motors
	6.5.4.1 Boiler Turndown
	6.5.6 Energy Recovery
	6.5.6 Energy Recovery
	6.5.10 Door Switches
	7.5.3 Buildings with High-Capacity Service Water Heating Systems

