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BSR/ASHRAE Addendum b to ANSI/ASHRAE Standard 90.4-2022, Energy Standard for Data Centers First
Public Review Draft

© February 2025 ASHRAE

This draft is covered under ASHRAE copyright. The appearance of any technical data or editorial material in
this publication document does not constitute endorsement, warranty, or guaranty by ASHRAE of any product,
service, process, procedure, design or the like and ASHRAE expressly disclaims such. Permission to republish
or redistribute must be obtained from the MOS.

(This foreword is not part of this standard. It is merely informative and does not contain
requirements necessary for conformance to the standard. It has not been processed according
to the ANSI requirements for a standard and may contain material that has not been subject to
public review or a consensus process. Unresolved objectors on informative material are not offered
the right to appeal at ASHRAE or ANSI.)

Foreword

The UPS Segment of the ELC calculation requires knowing three different load numbers. While those
numbers have always been described in the Informative Appendix examples, they have not been clearly
delineated in definitions, leading to confusion in the use of undefined terms. This Addendum adds a
definition for UPS Redundant Capacity to clarify the fact that UPS efficiency must be based on the total
available capacity of the UPS, including its redundant capacity, even though that additional capacity is
not intended to be used under normal operating conditions.

Terminology throughout Section 8 “Electrical”, as well as in the Informative Appendices, has also been
updated to correspond with the revised definitions terminology.

[Note to Reviewers: This addendum makes proposed changes to the current standard. These changes are
indicated in the text by underlining (for additions) and strikethrough (for deletions) except where the reviewer
instructions specifically describe some other means of showing the changes. Changes shown where there is a
complete replacement are shown in red and only for informative appendices. Only these changes to the current
standard are open for review and comment at this time. Additional material is provided for context only and is
not open for comment except as it relates to the proposed changes.]

Addendum b to 90.4-2022

Modify the following definitions to Section 3.

data center ITE design power: the combined power in kilowatts of all the ITE loads for which the ITE system was
designed. The data center ITE design power does not include any additional loads. See UPS operational design load;

design electrical loss component (design ELC): the design electrical loss component for the data center or data
center addition shall be the combined /osses (or the losses calculated from efficiencies) of two segments of the

electrlcal cham UPS segment and ITE dzstrzbutlon segment Jéh%el&s-tgn—ELGshaH—b%ea}&&aféed—usmg—th%

essential facilities: those portions of a data center, whether on the same site or at a remote location, serving one
of the following functions:

Hospitals and other health care facilities having surgery or emergency treatment facilities

Fire, rescue, and police stations and emergency-vehicle garages

Designated earthquake, hurricane, or other emergency shelters

Designated emergency preparedness, communication, and operation centers and other facilities required for
emergency response

a6 o
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e. Power generation, transmission, and distribution stations, and other public utility facilities required as emergency
backup facilities for other essential facilities

f.  Structures containing highly toxic materials where the quantity of the material exceeds the maximum allowable
quantities

g. Aviation control towers, air traffic control centers, and emergency aircraft hangars

h.  Data centers and other structures having critical national defense functions

i.  Those spaces having a mechanical cooling or electrical design of Rating I'V as defined by ANSI/TIA- 942-B

j. Those spaces classified under NFPA 70, Article 708, “Critical Operations Power Systems (COPS)”

k. Those spaces where core clearing and settlement services are performed such that failure to settle pending financial
transactions could present systematic risk as described in “The Interagency Paper on Sound Practices to Strengthen the
Resilience of the U.S. Financial System”

incoming electrical service segment: incoming electrical service segment-includes all elements of the electrical
power chain pewer-ehain prior to the UPS segment, beginning with the load side of the incoming electrical service
point supplying the building, continuing through all other intervening fransformers, wiring, and switchgear, and
ending at the manufacturer-provided input terminals of the UPS or its equivalent location in the power chain

ITE distribution segment: the segment of the design ELC that includes all elements of the pewer—ehain power
chain, beginning at the manufacturer-provided output-load terminals of the UPS segment; extending through all
transformers, wiring, and switchgear; and continuing to and including the receptacles to which /TE or power
dlstrlbutlon strlps for connectlon of multlple pleces of ITE to a circuit are intended to be connected. Fhe £

loss: the difference between the power or energy entering a device or system segment and the power or energy

leavmg that dev1ce or system segment %bﬁﬂﬁﬁ%b%lﬁ%%ﬂf%d—ﬁi—ph?ﬁ&ﬁﬁﬁ%—@@kﬁ%‘%—pﬁkﬁ%ﬁay

(Informative Note: The loss may be measured in physical units (volts, watts. psi, etc.) or may be calculated as
one (1) minus the efficiency of the device or system segment.)

power chain: the contiguous series of electrical devices and interconnecting wiring between a power source and
a load.

redundancy (redundant): duplication of components, equipment, controls, or systems and their interconnections
to enable continued operation during the /oss of the primary components, equipment, controls, or systems due to
failure, maintenance, servicing, or other modification activities.

N: base number of capacity components needed to provide design system functional capacity.

N+1, N+2, etc.: single system redundancy having one or more additional capacity components.

2N, 2N+1 or 2(N+1), etc.: dual system redundancy having one or more additional capacity components.
incoming electrical service point (service point): the point of connection between the faeilities—ofthe serving

utility wiring and the premises wiring, also known as the point of demarcation between where the serving utility
wiring ends and the premises wiring begins, as defined by the National Electrical Code (NFPA 70).

Informative Note: Any power generation source, €.g. microgrids, can be considered the serving utility to the data
center.
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terminal: a device by which energy from a system is finally delivered (e.g., UPS, transformers, receptacles

registersydiffusers;-lighting fixtares; faueets) prior to the interface with the ITE or ITE enclosure. For devices used
for other purposes or in other systems, the definition of ferminal in ANSI/ASHRAE/IES Standard 90.1 applies

(see Annex 1).

telephone exchange: a telecommunication service facility that provides telecommunication services to the public
and that has operations regulated via the US Communications Act of 1934, Title II (Common Carriers), and 47
CFR Chapter 1 (Federal Communications Commission). (Informative Note: See Informative Appendix D for
additional guidance.)

uninterruptible power supply (UPS): also known as an “uninterruptible power system,” a system primarily
intended to continue delivering power to the critical load during after a utility power disturbance or interruption.
It may also serve to deliver continuous, stable power when anomalies occur in the incoming power source, which

may be the utility or an alternate power source, such as a generator. HPS—systems—are—defined—by—three
internationally recognized-classifieations: (Informative Note: See Appendix A for references to the IEC standards

for the different types of UPSs: VFD. VI, VFI, battery, rotary, and diesel rotary.

UPS economy mode: a mode of UPS operation, alse-knewn-as—EeceMede,” in which power is fed to the load
wrthout gorng through power conversrons to reduce loss durmg normal operatlon Grrem-try—rs—meerperated—te

UPS operational design load: the load in kilowatts at which the UPS is intended to operate by design that includes
the data center ITE design power plus any other loads, such as cabinet door fans or refrigerant pumps, that will
be connected to the UPS. The UPS operational design load is typically less than the UPS rated capacity.

UPS segment: segment from the input terminals to the output terminals of the manufacturer-provided UPS
system,, including all transformers sw1tchgear rectlﬁers inverters, rotary propulsmn units, and w1r1ng between
those two points. Fra#n witche hetionine . o ol and
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UPS rated capacity: the maximum load in kilowatts or kilovolt-amperes at which an individual UPS is designed
and specified by the manufacturer to operate on a continuous basis under specified envirenmental conditions.

UPS redundant capacity: the UPS rated capacity plus the capacities of redundant online modules. For non-
redundant UPS systems, this will be the same as the UPS rated capacity.

Core and shell buildout: site work, walls, floor slabs and roof structure including utilities necessary to obtain a
Certificate of Occupancy. Infrastructure such as raised access floors, communications ducts, header piping or
primary switchboards may be installed, but no power or HVAC systems specific to data center usage is included.

Full buildout: design for the complete data center facility based on total UPS Operational Design Load and is
permitted and constructed in-full as a single project.

Scaled buildout: design is for the complete facility (as if for a fill buildout), based on total UPS Operational Design
Load where the ITE cabinets and associated power and HVAC systems are initially installed for only a portion of
the facility, with the remainder of the facility left to be built-out as future phases. Each intended phase is delineated
on design documents.

Modular buildout: design, permitting, and construction are “Per Module”, based on the UPS Operational Design
Load for each module. Each Module is delineated by demising walls.

Modify the language in Section 4.2.1.3 and the Exceptions to 4.2.1.3 as follows:

4.2.1.3 Alterations to Existing Buildings. Alterations of existing data center spaces shall comply with
the provisions of Sections 5, 7, 9, and 10 and with either Sections 6 and 8 or Section 11, provided
such compliance will not result in the increase of energy consumption of the building.
Component or system replacements or modifications that result in changes in either
capacity or type of technology require compliance with the applicable sections and versions
of this standard in accordance with Chart 1 (see Informative Appendix C).
Alterations of other spaces shall comply with ANSI/ASHRAE/IES Standard 90.1, Section 4.2.1.3.
Exceptions to 4.2.1.3:
1. ITE adds, moves, and changes fFEaddsmoves-and-changes are excluded.
Informative Note: ITE adds, moves, and changes are the normal and somewhat perpetual additions, moves, and
changes to ITE.

Add new Section 4.2.1.4 as follows:

4.2.1.4 Applicable Editions of Standard for Various Forms of Design and Buildout

4.2.1.4.1 Core and shell buildouts. Design and construction of core and shell buildouts shall be in accordance with the
most recent applicable version of Standard 90.1, Compliance with Standard 90.4 is required when data center power and
HVAC systems equipment is designed and permitted for installation in space and shall be in accordance with the
applicable form of design and buildout in Section 4.2.1.4.2 - 4.2.1.4.4.

4.2.1.4.2 Full buildout. Design and construction of full buildouts shall comply with the most recent applicable version
of this Standard.

4.2.1.4.3 Scaled buildout. Design and construction of scaled buildouts shall comply in accordance with the most recent
applicable version of this standard at the time of design and permitting, with the following requirements:

a)  Permitting shall be based on the full buildout design.

b)  Facility remains in compliance with the Standard if all stages of the buildout adhere to the original design and permit.

c) Initial stage of the scaled buildout and each subsequent stage shall comply with the latest applicable version of this
Standard at the time each stage is designed and permitted.

d) If deviations from the original power or HVAC systems designs occur in any stage of the remaining buildout, they shall
be considered additions, require new permitting, and comply with the latest applicable version of this Standard.

Exception to 4.2.1.4.3: If power or HVAC system deviations are newer models of the originally specified equipment

and meet or exceed the energy efficiencies of those systems, they are considered compliant with the original design. (See

Exception 2 to Section 6.1.1.3.1 and 8.1.1.3.1, respectively.)
ANSI/ASHRAE Standard 90.4-2022 5
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4.2.1.4.4 Modular buildout: Modular buildout and each subsequent modular buildout shall comply with the latest
applicable version of this Standard at the time each module is designed and permitted.

Informative Note: More information on buildout types are found in Informative Appendix C.

Modify the language in Section 6.6.2.1as follows:
Note to reviewer: highlighted language was added by Published Addendum g to Standard 90.4-2022.

6.6.2.1 Drawings. Construction documents shall require that, within 90 days after the date of system
acceptance, record drawings of the actual installation be provided to the building owner or the designated
representative of the building owner. Record drawings shall include, as a minimum, the location and
performance data on each piece of equipment; general configuration of the duct and pipe distribution system,
including sizes; and the terminad air or water design flow rates. Plans shall show the location of equipment
to be installed and locations for all deferred equipment. Plans shall Bdescribe the amount ameunts of
mechanical & electrical equipment assumed (in each part-load MLC calculation) to be installed and operating
during the 25%, 50%, 75% and 100% ITE power level in the associated MLC compliance calculation.

Modify the language in Section 8.4.1 as follows:
8.4.1 Electrical Distribution Systems for Mechanical Loads. The electrical distribution systems serving...

8.4.1.2 Minimum Efficiency or Maximum Loss. The design ELC calculations shall use the minimum operating
efficiency or maximum operating /oss of each segment of the power chain eempenent unless a specific
mode of operation (with higher efficiency or lower loss) is designated on the approved design documents.

Informative Note: The design ELC does not, and is not intended to, integrate all electrical /osses in the facility.

8.4.1.4 Incoming Electrical Service Segment. The incoming electrical service segment is not part of the ELC
calculation. However, all eempenents transformers in the incoming power chain shall meet or exceed
pubhshed U.S. DOE minimum efﬁcrenmes for transformers or the equrvalent international standards and

8.4.1.5 UPS Segment Efficiency. Efficiency and resulting /oss through the UPS segment shall be
calculated at both full and partial loads as follows:

a.  UPS configuration /osses shall be based on the manufacturer’s stated efficiencies at 100%, 75%, 50%,
and 25% of the operational design load at efficiencies based on the UPS redundant capacity HPS

oneldesion lodd.

b.  For 2N, 2N+1, 2(N+1) or other dual-feed UPS configurations where UPS systems are identical, only
one of the systems shall be used in the calculation. Where UPS systems are not identical, both systems
shall be calculated, and the system with the lowest efficiency shall be used to compute the UPS segment
of the design ELC.

c.  Where a UPS has more than one mode of operation (e.g., normal and UPS economy modes), the mode
used in these calculations shall be the same as the mode used as the Basis of Design and so designated
on the approved construction documents.

d.  Where nonrated UPS systems are used, the efficiencies and losses shall be as published or provided in
writing by the manufacturer.

Diesel rotary UPS (DRUPS) systems shall be calculated as part of the UPS segment with the engine element

decoupled.

8.4.1.6 ITE Distribution Segment Efficiency. Where significant numbers of power paths exist between the
UPS and the many equipment cabinets, the ITE distribution segment efficiency shall be that with the lowest
path efficiency. This shall be the longest path with the largest numbers of /oss producing components, such as
transformers, switchgear, and/or panelboards. Calculations are required to determine the path with the greatest
loss or lowest efficiency, which shall be used in developing the total design ELC.
ANSI/ASHRAE Standard 90.4-2022 6
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Informative Note: The ITE distribution segment does not include the actual ITE, its power cords, or any
accessory part of the /TE. In cases where power is to be permanently installed or hardwired into self-contained,
manufacturer configured cabinets, the calculation path terminates at the power input ferminals provided by the
manufacturer within that equipment. The ITE distribution segment used to calculate the design ELC is the
highest loss (lowest efficiency) path. This is normally the longest path that also contains devices producing a
loss (e.g. transformers).

Modify the language in Informative Appendix A as follows:

International Electrotechnical Commission (IEC)
IEC Secretariat

3 rue de Varembé, PO Box 131

CH-1211 Geneve 20, Switzerland

www.iec.ch

IEC 62040-3 (2021) Uninterruptible power systems (UPS) - Part 3: Method of specifying the performance and test
requirements

1IEC 62040-5-3 (2016) Uninterruptible power systems (UPS) - Part 5-3: DC output UPS — Performance and test
requirements

IEC 88528-11 (2004) Reciprocating internal combustion engine driven alternating current generating sets - Part

11: Rotary uninterruptible power systems - Performance and test methods

Modify the language in Informative Appendix C as follows: changes in text boxes in charts are shown in red.
Numbers in tables are highlighted for ease of review

INFORMATIVE APPENDIX C
TOOLS FOR ILLUSTRATING COMPLIANCE
Modify Figure C-3, C-4, and C-5 as shown — replace with new figures and new text in red.

ANSI/ASHRAE Standard 90.4-2022 7



SPC 90.4 APPLICABILITY
FORMS OF NEW CONSTRUCTION

CORE & SHELL ONLY

Designed for Required Space Only.
Data Center Electrical and HVAC
Systems are NOT Part of Design

Complies with Current Applicable

Version of Std. 90.1
(See Options Below for Types of Build-outs)

Design in Compliance with-Standard 90.1
No.Power or-Cooling Specific to Data
Center Usage'is-Designed or Installed.

FULL BUILDOUT

Design and Permitting Based on
Design Load for Full Buildout

Current Applicable Version of 90.4
At Time of Design & Permit

(Continues to Apply Unless Deviations
Require Reverting to Latest Version)

FULL BUILDOUT

[THTTHITETTTT
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Current Version of 90.4 Applies to Entire
Facility Unless Significant Deviations Occur.

SCALED BUILD-OUT

Calculate Based On Design Load
For Full Build-out

Current Applicable Version of 90.4
At Time of Design and Permitting.
Each Stage Shown as Complying on Design
Documents.
(Deviations Revert to Latest Version)

SCALED BUILD-OUT

Expansions Follows Original Design.
Complies with Design Version of 90.4

Latest 90.4 Applies

Revised Design.

MODULAR BUILD-OUT

Each Module Designed and
Permitted Separately Based On
Design Load For Each Module

Latest Applicable Version of 90.4
At Time of Build-out of Each Module

MODULAR BUILD-OUT

Current 90.4 Applies

1st Module

2" Module

Latest 90.4 Applies

,,,,,
rrrrr
,,,,,

3 Module
Latest 90.4 Applies




SPC 90.4 APPLICABILITY
CHANGES TO HVAC SYSTEM DESIGN ONLY

CORE & SHELL ONLY

Not Applicable.
No Data Center HVAC
or Electrical Systems Involved

_

COMPIieS With Current Applicable d Design.in Complvange with S_tf_mdard 90.1
VerSion OfStd. 90.1 No'Power or Cooling Specific to, Data

Center Usage is Designed or Installed.
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At Time of Design & Permit
(HVAC System Upgrade is Completed as a Single
Project In Accordance with Permitted Design.)

Current Version of 90.4 Applies to Entire
Facility Unless Significant Deviations Occur

SCALED BUILD-OUT SCALED BUILD-OUT
Design and Permitting are for Full HVAC Expansion Follows Original Design.. | o5 204 Bedured oL
Design Version of 90.4 Applies
System Upgrade.
(Electrical System NOT Modified)

INITIAL PLANT - PIPED FOR FUTURE SPACE OR PADS ONLY
! o T T L '

Current Applicable Version of 90.4

At Time of Design and Permitting.
Each Stage Shown as Complying on Design
Documents. bl bl
(Deviations Revert to Latest Version)

P
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MODULAR BUILD-OUT

Design and Permitting are for
Single Module HVAC System Upgrades
(Electrical Systems NOT Modified)

Latest Applicable Version of 90.4
At Time of Design & Permitting
of Each Module

P
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3 Module
Latest 90.4 Applies
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Not Applicable
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or HVAC Systems Involved
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Version of Std. 90.1
(See Options Below for Types of Build-outs)

Design.in Compliance with Standard 90.1
No Power or Cooling Specific.to Data
CenterUsage is Designed or Installed.

FULL BUILDOUT
Design and Permitting are for Full

Electrical System Upgrade.
(HVAC System NOT Modified)
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Modify text box in Figure C6 Electrical efficiency compliance path with new text in red

INCOMING ELECTRICAL SERVIGE (Not Part of ELC) UPS SEGMENT ITE DISTRIBUTION SEGMENT
5 v v
UPS ues |~ J480V]
INCOMING SWITCHBOARD . -1
SERVICE -~ w
SWITCHBOARD, ! (G]
.t I 0]
I z
4160V 480 V] ! o | ssov] —
™ XFMR £ + ups § | — a0
"= g N
3 I a
I < E]
1 o
Iy o ]
[ o x
L ups = 2
UPS BYPASS [ §
SWITCHEOARD : 1 : — 2 e ]es0v
| =
T | () 2
SERVICE = I N+1 UPS g
_ [OEs-- :
132w | UL, J 460 ur 00 ul eal) gl H ﬁ
.(--XFMR--’_EQ-J_'}-I“____IxFMFa[._.II T/ L1, a
FROM 4160V J | | m |
uTILTY - | (W VE— I S sy 3
N c
e o ——
UPS BYPASS BRANCH CKT. ® —
NOT CONSIDERED IN DISTRIBUTION
CALCULATIONS RECEPTACLES
41680 V
e SW CHILLER
% MAXIMUM FEEDER+BRANCH
CIRCUIT LINE LOSSES TO
MECHANICAL EQUIPMENT
480 E— COOLING
4180V 460 SW
L™ XFMR TOWER
] . - =
& de0V SW CRAH
PANEL
FEVED TGS {MECHANICAL SWITCHBOARD ) [ D)
NOT INCLUDED
(N GALCULATIONS,

= e i o ==t

MECHANICAL DISTRIBUTION - NOT PART OF ELC CALCULATION (Included in MLC)

3%-MAXIMEM-EINE-LOSSES TO-MECHANICALE EQUIPMENT changed to:
5% MAXIMUM FEEDER + BRANCH CIRCUIT LINE LOSSES TO MECHANICAL EQUIPMENT
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Modify Informative Appendix C1

Note most changes are to italicize new defined terms. Numbers in the tables are highlighted for ease of
review.

C1. EXAMPLES: UPS SEGMENT OF DESIGN ELC CALCULATIONS

The electrical loss component is calculated in two segments—the UPS segment and the distribution
segment. Following are four examples of UPS segment calculations illustrating the substantive
differences among four different levels of UPS redundancy.

Following these examples is a detailed step-by-step example in chart form of a complete ELC
computation for an N+1 UPS system of greater than 100 kW capacity through all four load levels of
both ELC segments.

Following the UPS calculation example charts is an example of the distribution segment /oss
calculations based on the N+ modular UPS example. Lastly, the UPS and distribution segment
calculations are combined into the total ELC.

UPS calculations are based on k. Remaining ELC calculations are based on kVA. UPS output
voltage in these examples is 480V three-phase, and UPS power factor is 0.9. UPS efficiencies are
from representative manufacturers’ data sheets.

Sample Calculation for an N (nonredundant) UPS

Operational-Designtead UPS Operational Design Load =400 kW (usually approximately 80% of UPS
rated capacity YPS-destgn-capaeity)

Nonredundant UPS Rated Capacity Pesign Capaeity= 500 kW
[Two (2) modules of 250 kI, ten (10) modules of 50 kW, or equivalent]

100% of UPS Operational Design Load = 400 kW
Operational Load Percentage = 400 kW/500 kW x 100% =
80% UPS Efficiency at 80% Load = 95.67% (Efficiency
Factor = 0.9567) Input Power = 400 k1/0.9567 = 418.1 kW
Resulting Loss = 418.1 kW —400 kW = 18.1 kW; 18.1 kW/418.1 kW x 100% = 4.33%
Standard 90.4 Max. Power Loss = 5.5%
(UPS MEETS STANDARD REQUIREMENTS AT 100% DESIGN LOAD.)
Output is 400 k7/0.9 pf=444.4 kVA.
Output current is 444.4 kVA x 1000/7/3/480V = 535 A.

75% of UPS Operational Design Load =300 kW
Operational Load Percentage = 300 kW/500 kW x 100% =
60% UPS Efficiency at 60% Load = 95.68% (Efficiency
Factor = 0.9568) Input Power = 300 £#/0.9568 = 313.5 kW
Resulting Loss =313.5 kW —300 kW =13.5 kW; 13.5 kW/313.5 kW x 100% = 4.32%
Standard 90.4 Max. Power Loss = 5.5%
(UPS MEETS STANDARD REQUIREMENTS AT 75% DESIGN LOAD.)
Output is 300 £/0.9 pf=33.3 kVA.
Output current is 333.3 kVA x 1000/7/3/480V = 400.9 A.

50% of UPS Operational Design Load =200 kW
Operational Load Percentage = 200 £W/500 kW x 100% =
40% UPS Efficiency at 40% Load = 95.20% (Efficiency
Factor = 0.9520) Input Power = 200 £#/0.9520 = 210.1 kW
Resulting Loss =210.1 kW —200 kW =10.1 kW; 10.1 kW/210.1 kW x 100% = 4.80%
Standard 90.4 Max. Power Loss = 6.0%
(UPS MEETS STANDARD REQUIREMENTS AT 50% DESIGN LOAD.)
Output is 200 kW/0.9 pf = 33.3 kVA.
Output current is 222.2 kVA x 1000/N3/480V = 267.3 A.

ANSI/ASHRAE Standard 90.4-2022 9
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25% of UPS Operational Design Load =100 kW
Operational Load Percentage = 100 £#/500 kW x 100% =
20% UPS Efficiency at 20% Load = 94.00% (Efficiency
Factor = 0.9400) Input Power = 100 £17/0.9400 = 106.4 kW
Resulting Loss = 106.4 kW — 100 kW = 6.4 kW; 6.4 kW/106.4 kW x 100% = 6.00%
Standard 90.4 Max. Power Loss = 7.0%
(UPS MEETS STANDARD REQUIREMENTS AT 25% DESIGN LOAD.)
Output is 100/0.9 kW pf=111.1 kVA.
Output current is 111.1 k¥4 x 1000/3/480V = 133.6 A.

UPS SEGMENT FOR NONREDUNDANT UPS'IS WITHIN TABLE 8.6 VALUES AT ALL LOAD LEVELS.

Sample Calculations for Two Different Configurations of N+1 Redundant UPS
N+1 Option #1

UPS Operational Design Load =400 kW (usually approximately 80% of UPS designrated capacity)
UPS Rated Pesiga-Capacity = 500 kW, N+£

UPS Redundant Capacity (N+1)

[Three (3) modules of 250 kW = 750 kW redundant actaal-capacity]

100% of UPS Operational Design Load = 400 kW
Operational Load Percentage = 400 £W/750 kW x 100% =
53% UPS Efficiency at 53% Load = 95.62% (Efficiency
Factor = 0.9562) Input Power =400 k1/0.9562 =418.3 kW
Resulting Loss =418.3 kW —400 kW =18.3 kW; 18.3 kW/418.3 kW x 100% = 4.38%
Standard 90.4 Max. Power Loss = 5.5%
(UPS MEETS STANDARD REQUIREMENTS AT 100% DESIGN LOAD.)
Output is 400 kW/0.9 pf = 444.4 kVA.
Output current is 444.4 kVA x 1000/N/3/480V = 535 A.

75% of UPS Operational Design Load =300 kW
Operational Load Percentage = 300 £W/750 kW x 100% =
40% UPS Efficiency at 40% Load = 95.20% (Efficiency
Factor = 0.9520) Input Power = 300 £17/0.9520 = 315.1 kW
Resulting Loss =315.1 kW —300 kW =15.1 kW; 15.1 kW/315.1 kW x 100% = 4.80%
Standard 90.4 Max. Power Loss = 5.5%
(UPS MEETS STANDARD REQUIREMENTS AT 75% DESIGN LOAD.)
Output is 300 £/0.9 pf=333.3 kVA.
Output current is 333.3 kVA x 1000/N/3/480V = 400.9 A.

50% of UPS Operational Design Load =200 kW
Operational Load Percentage = 200 kW/750 kW x 100% =
27% UPS Efficiency at 27% Load = 94.55% (Efficiency
Factor = 0.9455) Input Power = 200 £1#/0.9455 = 211.5 kW
Resulting Loss =211.5 kW —200 kW= 11.5 kW; 11.5 kW/211.5 kW x 100% = 5.45%
Standard 90.4 Max. Power Loss = 56.0%
(UPS MEETS STANDARD REQUIREMENTS AT 50% DESIGN LOAD.)
Output is 200 k/0.9 pf=222.2 kVA.
Output current is 222.2 kVA x 1000/7/3/480V = 267.3 A.

25% of UPS Operational Design Load =100 kW
Operational Load Percentage = 100 kW/750 kW x 100% =
13% UPS Efficiency at 13% Load = 92.71% (Efficiency
Factor =0.9271) Input Power = 100 £#/0.9271 = 107.9 kW
Resulting Loss = 107.9 kW —100 kW =179 kW; 7.9 kW/107.9 kW x 100% = 7.29%
Standard 90.4 Max. Power Loss = 7.0%
(UPS DOES NOT MEET STANDARD REQUIREMENTS AT 25% DESIGN LOAD.)
Output is 100 kW/0.9 pf=111.1 kVA.

Output current is 111.1 k¥4 x 1000//3/480V = 133.6 A.
ANSI/ASHRAE Standard 90.4-2022
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UPS segment for n+/ redundant UPS is within Table 8.6 values EXCEPT at 25% load level.
Meeting ELC of the standard requires higher-efficiency UPS, smaller module redundancy, or offset

with higher efficiency distribution segment and/or higher efficiency mechanical load component
(MLC).

N+1 Option #2

UPS Operational Design Load =400 kW (usually approximately 80% of UPS design- rated capacity)
UPS Besign-Rated Capacity = 500 kW;N++

UPS Redundant Capacity = 550 kW (N+1)

[Eleven (11) modules of 50 kW = 550 kW redundant aetaat-capacity]

100% of UPS Operational Design Load = 400 kW
Operational Load Percentage = 400 kW/550 kW x 100% =
73% UPS Efficiency at 73% Load = 95.78% (Efficiency
Factor = 0.9578) Input Power =400 kW/0.9578 =417.6 kW
Resulting Loss =417.6 kW —400 kW =17.6 kW; 17.6 kW/417.6 kW x 100% = 4.22%
Standard 90.4 Max. Power Loss = 5.5%
(UPS MEETS STANDARD REQUIREMENTS AT 100% DESIGN LOAD.)

Output is 400 kW/0.9 pf=444.4 kVA.
Output current is 444.4 kVA x 1000//3/480V = 535 A.

75% of UPS Operational Design Load =300 kW
Operational Load Percentage = 300 £W/550 kW x 100% =
55% UPS Efficiency at 55% Load = 95.63% (Efficiency
Factor = 0.9563) Input Power = 300 k1/0.9563 = 313.7 kW
Resulting Loss =313.7 kW —300 kW =13.7 kW; 13.7 kW/313.7 kW x 100% = 4.37%
Standard 90.4 Max. Power Loss = 5.5%
(UPS MEETS STANDARD REQUIREMENTS AT 75% DESIGN LOAD.)
Output is 300 £/0.9 pf=333.3 kVA.
Output current is 333.3 kVA x 1000/7/3/480V = 400.9 A.

50% of UPS Operational Design Load =200 kW
Operational Load Percentage = 200 kW/550 kW x 100% =
36% UPS Efficiency at 36% Load = 95.85% (Efficiency
Factor = 0.9585) Input Power = 200 kW/0.9585 = 208.7 kW
Resulting Loss = 208.7 kW — 200 kW = 8.7 kW; 8.7 kW/208.7 kW x 100% = 4.15%
Standard 90.4 Max. Power Loss = 6.0%
(UPS MEETS STANDARD REQUIREMENTS AT 50% DESIGN LOAD.)
Output is 200 kW/0.9 pf=222.2 kVA.
Output current is 222.2 kVA x 1000/~3/480V = 267.3 A.

25% of UPS Operational Design Load =100 kW
Operational Load Percentage = 100 kW/550 kW x 100% =
18% UPS Efficiency at 18% Load = 93.50% (Efficiency
Factor = 0.9350) Input Power = 100 £#/0.9350 = 107.0 kW
Resulting Loss = 107.9 kW — 100 kW =17.0 kW; 7.0 kW/107.0 kW x 100% = 6.5%
Standard 90.4 Max. Power Loss = 7.0%
(UPS MEETS STANDARD REQUIREMENTS AT 25% DESIGN LOAD.)
Output is 100 kW/0.9 pf=111.1 kVA.
Output current is 111.1 kVA x 1000/N3/480V = 133.6 A.

UPS SEGMENT FOR N+ REDUNDANT UPS'IS WITHIN TABLE 8.6 VALUES AT ALL LOAD LEVELS.

2N Redundant UPS

UPS Operational Design Load =400 kW (usually approximately 80% of UPS design- rated capacity)
UPS Rated Besign-Capacity = 500 kW

UPS Redundant Capacity — 1,000 kW (2N)

Both systems are identical and share load equally. Calculate for one (1) system at half UPS

ANSI/ASHRAE Standard 90.4-2022
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Operational dDesign tLoad.
[Two (2)modules of 250 kW = 500 kW aetual-UPS rated capacity per system
or 1,000 kW UPS redundant capacity)]

100% of SHARED UPS Operational Design Load =400 kW/2 4= 200 kW

Operational Load Percentage =200 £/500 kW x 100% = 40%

UPS Efficiency at 40% Load = 95.20% (Efficiency Factor =

0.9520) Input Power = 200 £1#/0.9520 = 210.1 kW

Resulting Loss =210.1 kW —200 kW =10.1 kW; 10.1 kW/210.1 kW x 100% = 4.80%

Standard 90.4 Max. Power Loss = 5.5%

(UPS MEETS STANDARD REQUIREMENTS AT 100% DESIGN LOAD.)
Output is 200 £/0.9 pf=222.2 kVA.

Output current is 222.2 kVA x 1000/7/3/480V = 267.3 A.

75% of SHARED UPS Operational Design Load = 400 kW/2 x 75% = 150 kW

Operational Load Percentage = 150 kW/500 kW x 100% =

30% UPS Efficiency at 30% Load = 94.50% (Efficiency

Factor = 0.9450) Input Power = 150 k1#/0.9450 = 158.7 kW

Resulting Loss = 158.7 kW — 150 kW = 8.7 kW; 8.7 kW/150 kW x 100% =
5.50% Standard 90.4 Max. Power Loss = 5.5%

(UPS MEETS STANDARD REQUIREMENTS AT 75% DESIGN LOAD.)

Output is 150 £/0.9 pf=166.7 kVA.

Output current is 166.7 kVA x 1000/~/3/480V = 200.5 A.

50% of SHARED UPS Operational Design Load =400 kW/2 x 50% =100 kW

Operational Load Percentage = 100 kW/500 kW x 100% = 20%

UPS Efficiency at 20% Load = 94.00% (Efficiency Factor =

0.9400) Input Power = 100 £#/0.9400 = 106.4 kW

Resulting Loss = 106.4 kW — 100 kW = 6.4 kW; 6.4 kW/106.4 kW x 100% = 6.00%
Standard 90.4 Max. Power Loss = 6.00%

(UPS MEETS STANDARD REQUIREMENTS AT 50% DESIGN LOAD.)

Output is 100 kW/0.9 pf=111.1 kVA.

Output current is 111.1 k¥4 x 1000/43/480V = 133.6 A.

25% of SHARED UPS Operational Design Load =400 kW / x 25% =50 kW

Operational Load Percentage = 50 kW/500 kW x 100% = 10%

UPS Efficiency at 10% Load = 92.12% (Efficiency Factor =

0.9212) Input Power = 50 £/0.9212 = 54.3 kW

Resulting Loss = 54.3 kW — 50 kW =4.3 kW; 4.3 kW/54.3 kW x 100% = 7.88%
Standard 90.4 Max. Power Loss = 7.00%

(UPS DOES NOT MEET STANDARD REQUIREMENTS AT 25% DESIGN LOAD.)
Output is 50 £W/0.9 pf = 55.6 kVA.

Output current is 55.6 kVA x 1000/N3/480V = 66.8 A.

UPS segment for 2N redundant UPS is within Table 8.6 values EXCEPT at 25% load level.

Meeting ELC of the standard requires higher-efficiency UPS, or offset with higher efficiency
distribution segment and/or higher-efficiency MLC.

Table C-1 Superscript Notes from Charts 1 through 6

Superscript

1

The ELC calculation begins with the UPS segment and starts with the establishment of the UPS operational design load
(ci), which is the total of the /TE design load (cg) plus any additional UPS loads (ch) such as cabinet fans, auxiliary
pumps, etc. [UPS operational design percentage (oj) is usually around 80% of UPS rated capacity (capacity without
redundancy)).

UPS redundant capacity (@) is determined by overhead capacity (usually about 20% above design load), modularity, and
redundancy.

UPS electrical data obtained from manufacturer data sheets.

ANSI/ASHRAE Standard 90.4-2022 12
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4 UPS actual operating load percentage (@o) based on UPS rated capacity plus redundancy when operated at full
operational design load—that is, UPS operational design load (@)i) divided by total UPS redundant capacity. (€Y.

5 Likewise, (@)o) is actual UPS load percentage at fractional UPS operational design loads (100%, 75%, 50%, and 25%) devided
by total UPS redundant capacity . In the example, 400 k¥ is 80% of S00 kW UPS design capacity but only 73% of 550 kW total
UPS redundant capacity

6 UPS efficiencies (@p) determined from manufacturer data at actual percentage of total UPS redundant capacity calculated at
100%, 75%, 50%, and 25% of UPS operational design load.

7 UPS segment loss values of the ELC (@)7) are absolute values of UPS power loss percentages (€s) at 100%, 75%, 50%, and
25% of UPS operational design loads, and are transferred to Chart @ for calculation of total ELC.

8 Actual UPS output kVA (€u) at each design load level transferred to Chart @ for calculation of PDU feeder /oss portion of
ELC distribution segment.

9 Input to PDU feeder is output kVA4 of UPS at 100%, 75%, 50%, and 25% of UPS operational design load.

10 UPS output power is assumed to be equally divided between equal-sized PDUs in this example. Actual calculation must use
worst-case condition (longest and highest power loss feeder).

11 PDU feeder sized for input amperage per code.

12 Power factor is assumed to be close to 1.0. Therefore, most loads are expressed in or converted to volt-amperes or kilovolt-

amperes for consistency throughout the example, and using DC resistance for uncoated copper wires from NFPA 70 Table 8,
rather than calculating impedance, is considered sufficient for this standard. Alternatively, the engineer may use NFPA 70 Table
9, “Alternating Current Resistance for Uncoated Copper Wires” when feeder is three single conductors in conduit for three-
phase circuit.

13 I’R Method is used in the example for calculating single conductor /osses, and then multiplied by the number of conductors in
order to apply to both single-phase and three-phase conditions. Alternately, the engineer may use other accepted methods so
long as actual calculations are shown on submitted design documents. (Note: Superscript “2” in “I?R” is an exponent, not a
table note.)

14 Calculated PDU feeder efficiency (@) transferred to Chart @b for calculation of distribution segment of ELC.

15 Nominal two-wire, single-phase transformer output voltage in the U.S. Calculations must use actual output voltage to branch
circuit wiring.

16 Transformer efficiencies (@e) from manufacturer load vs. efficiency curves at 100%, 75%, 50%, and 25% load levels.
(Single DOE efficiencies at 35% load are not acceptable for this standard.)

17 Calculated PDU efficiency (€)r) transferred to Chart @c for calculation of distribution segment of ELC.

18 80% of breaker trip rating in example for continuous current per NFPA 70. Use ratings applicable to installation.

19 Wire gage selected for maximum current per code [NFPA 70, Table B.2(1)].

20 Calculated PDU efficiency (@r) transferred to Chart @d for calculation of distribution segment of ELC.

21 Distribution segment efficiency is product of PDU feeder, PDU, and branch circuit conductor efficiencies.

22 Total power /oss percent can also be calculated as algebraically combined /oss percentages:

Loss % =[{(((a +b) —(a x b)) +¢) —(c x (a + b)} - (¢ x a x )]
where a, b, and ¢ are PDU feeder (@¢), PDU (€)0), and branch circuit conductor (@)q) power losses.

23 Distribution segment /oss values of the ELC (@) are absolute values of distribution power loss percentages (@) at 100%,
75%, 50%, and 25% of design loads, and are transferred to Chart @ for calculation of total ELC.

24 ELC segments from Charts @) and @ are added to calculate ELC.

25 ELC values from Table 8.5 (less than 100 £/ design load) or Table 8.6 (greater than or equal to 100 £/ design load) of the
standard.

26 If any part of the ELC fails to meet Section 8 table values, use Section 11 Trade-Off Method to see if the standard can be met.

ANSI/ASHRAE Standard 90.4-2022 13
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Chart € Calculation of UPS Segment of ELC
(Example Based on Modular UPS with N+1 Redundancy Designed at 80% Normal Loading)

Capacity, Design Loads, and Output Feeder Current

Bhse Redund®nt s I®es Iéps ITE Operatibflal UPS Input
8 10 12 14 16 18
UPS UPS UPS Rated Redund. Redunda ITE Additional UPS
UPS Module Size, Module Module Capacity, Modules nt Design  UPS Loads, Design Power
Capacity, Load Load,
Redund. kw3 Quant. Quant. KW kW kw2 kw! kw! kw! Volts 3 Phases 3 Factor (pf) KVA 12
N+1 50 10 1 500 50 550 390 10 400 480 3 09 611
a b c d e f g h i J k /
d=axb e=axc f=d+e i=g+h 1=tk
Efficiencies at Full and Partial I%éds
Power 27 Output
% Dékilgn Design Lb4d, UPS Agéal UPS Effic.,  UPS Inhiit, %%5 UPS H&s,  UPS Segglgnt
Load2% kW 35 Oper. %% %41 kw4 %50 of EL KkVA &12 A
33 36 39 42 45 48 51
100% 400 72.73% 95.78% 417.62 17.62 4.22% 0.042 444.44 534.58
75% 300 54.55% 95.63% 313.71 13.71 4.37% 0.044 333.33 400.94
50% 200 36.36% 95.85% 208.66 8.66 4.15% 0.042 222.22 267.29
25% 100 18.18% 93.50% 106.95 6.95 6.50% 0.065 111.11 133.65
m n o p q r s t u v
n=mxi p =nlf*x100% q=nlp r=q-n s=1-p t=1s| u=nk v =ux 1000/j3
See Table C-1 for a description of superscript notes.
Chart @ Calculation of UPS-to-PDU Feeder Segment of ELC—Step #1
Loss and Efficiency of Worst-Case UPS Feeder to PDU Using I’R Method
% UPS PDU PDU PDU PDU Wire Wire  Ohms/ Wire I’R Loss Total Output Power Feeder
Design  Output, PDU Size, Actual, Input, Input, Length, Gage, 1000', Resist., Iz, per Cond., No. Loss, Power, Loss, Effic.,
Load kVA”'“ Quant.'"” KVA'4 KVA ' !4 A\ 39pA ft AWG" 75°C** Ohms Amps* kVA'#'" Cond." kVA'#'? KkVA ' % % '
100% 44444 4 150 111.11 480 133.65 100 1/0 0.122  0.0122 17,861  0.22 3 0.65 110.46 0.59% 99.41%
75% 33333 4 150 83.33 480 100.23 100 1/0 0.122  0.0122 10,047  0.12 3 0.37 82.97 0.44% 99.56%
50% 22222 4 150 55.56 480 66.82 100 1/0 0.122  0.0122 4465 0.05 3 0.16 55.39 0.29% 99.71%
25% 111.11 4 150 27.78 480 3341 100 1/0 0.122  0.0122 1116 0.01 3 0.04 27.74 0.15% 99.85%
a b ¢ d e f g h i j k / m n 0 p q r
b= 7] e=blc =@ £~ k=j/1000 x A I=g> m=1xk o=mxn p=e—o0 ¢q= r=
e x 1000/ ole x 100% (1—g) *x 100%
V3

See Table C-1 for a description of s

uperscript notes.
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Chart €) Calculation of PDU Portion of Distribution Segment of ELC—Step #2

Loss and Efficiency of Worst-Case PDU

70 Xfmr. Rating3 Xfmr. Inpugg Xfmr. Outpg Xfmr. Effic§2 Xfimr. Loss85 Xfmr. Outp8 Xfmr. Loss, 8& PDU Effic.,
% Design Load] Yo kVA? 74 KVA!2 v1s %16 83 % 86 kVA 12 89 KVA 12 %17
72 75 78 81 84 87 90
100% 150 110.46 208 97.50% 2.50% 107.70 2.76 97.50%
75% 150 82.97 208 97.80% 2.20% 81.14 1.83 97.80%
50% 150 55.39 208 98.00% 2.00% 54.28 1.11 98.00%
25% 150 27.74 208 98.40% 1.60% 27.29 0.44 98.40%
a b ¢ d e p r
b=@d c=@p 0=100%—e p=cxe qg=c-p r=plc x 100%
See Table C-1 for a description of superscript notes.
Chart @ Calculation of Branch Circuit Portion of Distribution Segment of ELC—Step #3
Loss and Efficiency of Worst Case Branch Circuit from PDU Branch Breakers to Cabinets
%
Design Distrib. Breaker Max. Current Per Cond.  No. Total Wire Wire Ohms/ Wire I’r Loss Total Power Segment
Load, Volts, Rating, Current, @ Load %, Power, Cond. Power, Size, Length, 1000', Resist., oA Per Cond., Loss, Loss, Effic.,
% 1Ph A A" A VA VA'Y  AWG" ft 75°C '“ ohms Amps“ VA'“Y VAL % %«
100% 208 30 24 24 28822496 2 5764 #10 50 1.21  0.0605 576.00 34.85 69.70 121 1.40% 9879
4994 98.60%
75% 208 30 24 18 21621872 2 4323 #10 50 1.21  0.0605 324.00 19.60 39.20 0911.05%  99.69
3744 98.95%
50% 208 30 24 12 14411248 2 2882  #10 50 1.21  0.0605 144.00 8.71 17.42 0.600.70%  99.40-
2496 99.30%
25% 208 30 24 6 721624 2 41 #10 50 1.21  0.0605 36.00 2.18 4.36 0300.35% 9970
1248 99.65%
a b c d e f g h i j k ) m n 0 q r
b=©d d=c*x80% e=axd f=bxel h=fxg [ =k/1000 % j m=e? n=mxl o=gxn g=o0hx100% r=100%—gq

See Table C-1 for a description of superscript notes.
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}8% Chart @ Calculation of Distribution Segment of ELC—Step 4

18% Combined UPS, PDU, and Branch Ckt. Efficiencies for Distribution Segment of ELC
% Design PDU Branch Combined Distrib.
Load, Feeder, PDU, Circuit, Efficiencies, Loss, Segment
% % 14 %17 % 20 % 21 % 2 of ELC 2
100% 99.41% 97.50% 98.79 9575 4254.43% 0.042.
98.60 95.57% 0.044
%
75% 99.56% 97.80% 99.09 9649 3.513.65% 0.035,
98.95 96.35% 007
%
50% 99.71% 98.00% 9940 97 12 2.882.97% 0.029.
99.30 97.03% 0.030
%
25% 99.85% 98.40% 99.70 9796 2.042.09% 0.620,
99.65 97.91% e
%
a b c d e f g
b=@r c=©r d=@r e=bxcxd f=100%—e g=1

See Table C-1 for a description of superscript notes.

Chart @ ELC Calculation Based on Losses

Single Output UPS (V, N+1, etc.) or No UPS: 100 kW or Greater

—_—— O OO0
SO 0O

et e it
N—

% Design
Load, UPS ITE Distrib. ELC Standard Diff. from
% Segment ’ Segment B ELC % Values 2 Standard Pass or Fail
100% 0.042 0042 0085 0.110 0025 Pass
0.044 0.086 0.024
75% 0.044 0035 0:079 0.098 0019 Pass
50% 0.042 0029 0.070 0.094 0.024 Pass
0.030 0.071 0.023
25% 0.065 0.020 0.085 0.093 0.008 Pass
0.021 0.086 0.007
a b c d e f g
b=@ c= Qg d=b+c f=e—d 20
113 See Table C-1 for a description of superscript notes.
114
115
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