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\1\
The Unified Facilities Criteria (UFC) system is prescribed by MIL-STD 3007 and provides
planning, design, construction, sustainment, restoration, and modernization criteria, and applies
to the Military Departments, the Defense Agencies, and the DoD Field Activities in accordance
with USD(AT&L) Memorandum dated 29 May 2002. UFC will be used for all DoD projects and
work for other customers where appropriate. All construction outside of the United States is
also governed by Status of forces Agreements (SOFA), Host Nation Funded Construction
Agreements (HNFA), and in some instances, Bilateral Infrastructure Agreements (BIA.)
Therefore, the acquisition team must ensure compliance with the more stringent of the UFC, the
SOFA, the HNFA, and the BIA, as applicable.

UFC are living documents and will be periodically reviewed, updated, and made available to
users as part of the Services’ responsibility for providing technical criteria for military
construction. Headquarters, U.S. Army Corps of Engineers (HQUSACE), Naval Facilities
Engineering Command (NAVFAC), and Air Force Civil Engineer Support Agency (AFCESA) are
responsible for administration of the UFC system. Defense agencies should contact the
preparing service for document interpretation and improvements. Technical content of UFC is
the responsibility of the cognizant DoD working group. Recommended changes with supporting
rationale should be sent to the respective service proponent office by the following electronic
form: Criteria Change Request (CCR). The form is also accessible from the Internet sites listed
below.

UFC are effective upon issuance and are distributed only in electronic media from the following
source:

e  Whole Building Design Guide web site http://dod.wbdg.org/.

Hard copies of UFC printed from electronic media should be checked against the current
electronic version prior to use to ensure that they are current. /1/
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CHAPTER 1
INTRODUCTION
1-1 PURPOSE AND SCOPE. This UFC is comprised of two sections.

Chapter 1 introduces this UFC and provides a listing of references to other Tri-Service
documents closely related to the subject. Appendix A contains the full text copy of the
previously released Military Handbook (MIL-HDBK) on this subject. This UFC serves as
criteria until such time as the full text UFC is developed from the MIL-HDBK and other
sources.

This UFC provides general criteria for estimating energy and water
consumption for shore facilities and cold iron support for ships.

Note that this document does not constitute a detailed technical design,
and is issued as a general guide to the considerations associated with estimating
energy and water consumption for shore facilities and cold iron support for ships.

1-2 APPLICABILITY. This UFC applies to all Navy service elements and
Navy contractors; Air Force service elements should use the references cited in
paragraph 1-3 below; all other DoD agencies may use either document unless explicitly
directed otherwise.

1-2.1 GENERAL BUILDING REQUIREMENTS. All DoD facilities must comply
with UFC 1-200-01, Design: General Building Requirements. If any conflict occurs
between this UFC and UFC 1-200-01, the requirements of UFC 1-200-01 take
precedence.

1-2.2 SAFETY. All DoD facilities must comply with DODINST 6055.1 and
applicable Occupational Safety and Health Administration (OSHA) safety and health
standards.

NOTE: All NAVY projects, must comply with OPNAVINST 5100.23 (series), Navy
Occupational Safety and Health Program Manual. The most recent publication in this
series can be accessed at the NAVFAC Safety web site:
www.navfac.navy.mil/safety/pub.htm. If any conflict occurs between this UFC and
OPNAVINST 5100.23, the requirements of OPNAVINST 5100.23 take precedence.

1-2.3 FIRE PROTECTION. All DoD facilities must comply with UFC 3-600-01,
Design: Fire Protection Engineering for Facilities. If any conflict occurs between this
UFC and UFC 3-600-01, the requirements of UFC 3-600-01 take precedence.

1-2.4 ANTITERRORISM/FORCE PROTECTION. All DoD facilities must
comply with UFC 4-010-01, Design: DoD Minimum Antiterrorism Standards for
Buildings. If any conflict occurs between this UFC and UFC 4-010-01, the requirements
of UFC 4-010-01 take precedence.

1-3 REFERENCES. The following Tri-Service publications have valuable
information on the subject of this UFC. When the full text UFC is developed for this
1-1
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subject, applicable portions of these documents will be incorporated into the text. The
designer is encouraged to access and review these documents as well as the
references cited in Appendix A.

1. U.S. Air Force AFETL 94-4, Energy Usage Criteria for
Facilities in the Military Construction
Program, 19 August 1994
AFETL 98-4, Building Manager Energy
Conservation Handbook, 16 January
1998

1-1
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ABSTRACT

Thi s handbook is intended as a tool for appropriately estimating
current and future energy consunption attributable to buildings,
shi ps, and ot her energy uses at Navy installations. It presents
a suggested energy allocation nethodol ogy and provi des

cal cul ation assistance in a straightforward, easy-to-apply
manner. The collection of building or ship characteristics data
required to use this nmethodology is at a mninumto ensure easy,
tinme-effective application. The resulting energy estimtes are
consi dered as applicable as other nonnetering estimting nethods
requi ring nmuch nore detailed data coll ection and cal cul ati on.
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FOREWORD

The original version of this manual, MO 303, Uilities Target
Manual was |ast printed in 1972 as a utilities target manual for
energy efficient facilities, and cold iron support for ships
based on design conditions. The manual was devel oped prior to
the oil enbargoes of the late 70's, and there was little interest
in metering tenant commands. As energy consunption becane nore
of a concern, Navy tenant and Public Wrks Centers and
Departnents (PWC/ Ds) becane nore concerned with tenant
consunption. PWCJ Ds began installing steamtrunk |ine, and
electricity neters at the building level. Tenant consunption
estimates were devel oped using Anerican Soci ety of Heati ng,
Refrigerating, and Air-Conditioning Engi neers Inc. (ASHRAE)
fundamentals, MO-303, and initially limted base |evel netering.
By derivation, these utility consunption estinmates were based on
primarily ideal conditions with sonme netered data to support it.

More recently PWCs devel oped software to nore fairly distribute
the cost of utilities on a base. The software CUBIC, UUS,

NASSAU, and PWVA are of particular note in the Navy. This
software estimates consunption to varying degrees, using recent
bui | di ng construction and use, ASHRAE based net hods, and are
coupled with sonme netered data to nore fairly estimte tenant
consunption. The software tools given in the table bel ow are
exanpl es of those that can be used to varying degrees, to devel op
consunption estimates for unnetered facilities.

Software Tools for Utilities Consunption Allocation

AGENCY SOFTWARE POC
Depart nent of DCE2 DCE FEMP office
Ener gy
ASEAM DCE FEMP office
FEDS DCE FEMP office
Navy CuBI C Naval Facilities

Engi neeri ng
Servi ce Center

UUS Puget Sound Naval Shi pyard

NASSAU PWC Pensacol a

PWA NAVFAC Headguarters
Private Industry ¥2§EECYPSD| Trane Conpany

OPNAVI NST 4100. 5, Energy Managenent directed that al
utility bills be based on netered data. The level of netering is
| eft open for interpretation. Since nmetering all utilities at
all buildings is not cost effective, we updated MO 303, based on
alimted statistical sanpling of netered data, by building type.
MO 303 presented mat hematical fornulas, based on the sanpled
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data, for estimating utility consunption. This new manual is
based on sound mat hematical principles and is a defendabl e
approach. It is an inexpensive, sinple approach that is best
applied base wide rather than to only sel ect consuners. W do
not expect its estimates to necessarily match netered data or
other estimating tools. |If nore accurate estimates are desirable
and affordable, we reconmend installing nmeters, and nodeling
unnet er ed bui |l di ngs usi ng software.

There is no one nmethod of utilities estimating that neets al
needs. The inportant thing is for public works agenci es and
tenant commands to agree on what cost effective nethods should be
used to allocate utility consunption on their base. Consider
this update of MO 303 another tool for your use when netered data
and software nodeling is not cost effective or avail abl e.

Reconmendati ons for inprovenent are encourage fromwthin the
Navy, other CGovernnent agencies, and the private sector and
shoul d be furnished on the DD Form 1426 provided inside the back
cover to Commanding O ficer, Naval Facilities Engineering Service
Center, 1100 23'° Avenue, Port Hueneme, CA 93043-4370; phone
commerci al (805) 982-1693.

DO NOT' USE THI S HANDBOOK AS A REFERENCE I N A PROCUREMENT DOCUNMENT
FOR FACI LI TITES CONSTRUCTION. I T IS TO BE USED | N THE PURCHASE
AND PREPARATI ON OF FACI LI TI ES PLANNI NG AND ENG NEERI NG STUDI ES
AND DESI GN DOCUMENTS USED FOR THE PROCUREMENT OF FACI LI TI ES
CONSTRUCTI ON ( SCOPE, BASI S OF DESI GN, TECHNI CAL REQUI REMENTS,
PLANS, SPECI FI CATI ONS, COST ESTI MATES, REQUEST FOR PROPGCSALS, AND
I NVI TATION FOR BIDS). DO NOT' REFERENCE IT IN M LI TARY OR FEDERAL
SPECI FI CATI ONS OR OTHER PROCUREMENT DOCUMENTS.
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Section 1: | NTRODUCTI ON

1.1 Scope. This handbook is intended as a tool for
appropriately estimating current and future energy and water
consunption attributable to buildings, ships, and other uses at
Navy installations. |t presents a suggested allocation

nmet hodol ogy and provi des cal cul ati on assistance in a
straightforward, easy-to-apply manner. The collection of

buil ding or ship characteristics data required to use this

nmet hodology is at a mninumto ensure easy, tine-effective
application. The resulting energy and water estinates are
consi dered as applicable as other nonnetering estimting nethods
requi ring much nore detailed data coll ection and cal cul ati on.

The best consunption value for use in current or future
energy and water tracking or assessnent is one that is read from

an accurate, operating, correctly placed neter. In sone cases,
these nmetered consunption values are available for a selected
subset of buildings, ships, or processes. 1n other cases,

consunption estinmating nethods vary from sinple apportionnment of
consunption by square footage to el aborate nani pul ati on of
bui | di ng construction, equipnent, weather, and operations data.
The net hodol ogy and assi stance presented in this handbook are
designed to provide estimated energy and water consunption val ues
that are as accurate as possi ble w thout conputer nodeling of
bui | di ngs or extensive building data collection. The nethodol ogy
is not intended to be used to second-guess expected consunption
when netered data exists. It is also not intended to replace an
exi sting nmethodol ogy that is effective and reasonably accurate.
The net hodol ogy and assi stance provided in this handbook are
intended to be avail able for use where other systens are

i neffective or outdated.

1.2 Met hodol ogi es. The cal cul ati on assi stance i s presented
as a sinplified yet reasonably accurate manner of assigning a
first-level estimate of consunption values to various energy or
wat er - usi ng conponents. The assistance is presented primarily
for energy and water use in buildings and ships. This involves
assigning an initial energy or water consunption val ue per square
foot for buildings and per ship class. This value is then further
converted or adjusted based on fuel type, weather, and ot her
characteristics, to arrive at a reasonable initial estimate that
is consistent with al
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other initial estimates. These initial values and adjustnents
are derived fromexisting netered consunption data from
bui | di ngs, groups of buildings and ships, entire Navy

i nstal lations throughout the world, and other recognized ship and
bui | di ng energy consunption data sources. This data has been
anal yzed and reconciled to known consunption |evels to arrive at
val ues that are considered as accurate as possible for a typical
bui | di ng, ship, or process. Assistance is also provided for

ot her nonbui | di ng energy uses.

O her methods of arriving at energy or water
consunption val ues are avail abl e and used by design
pr of essi onal s, engi neers, architects, and energy nanagers. These
nmet hods tend to be cl assical energy use aggregation nodels in
whi ch estimated consunption is sunmed from i ndividual estimates
of energy using equi pnent such as heating, cooling, water
heating, and lighting. Many nethods use standard thernodynam c
cal cul ati ons or cal cul ati on nmet hods prepared and offered by
organi zati ons such as ASHRAE. The predecessor to this manual -
Naval Facilities Engineering Command (NAVFAC) MO 303, relied on
el ements of this type of nethod. In general, an assessnent of
energy consunption with these nethods requires | arge anounts of
detailed data for each building. Experience has shown that the
additional efforts required for these nethods (over sinpler
nmet hods based on historical actual consunption data) do not
consistently provide nore accurate estimtes for existing
mlitary building energy usage. However, if an activity has
relied on these nethods and already collected the | arge anounts
of data needed, then its continued use may be warranted.

The all ocati on nethodol ogy described in this handbook
al l ocates total known energy or water use (usually utility
billings) to various buildings, ships, and processes i ndependent
of the type of calculations used to estimate initial individual
energy consunption. This nethod uses the initial consunption
estimates derived for each building, ship, or process to
apportion the total installation energy and water consunption
equi tably anong users. It accounts for nonbuil ding use such as
line | osses, street lights, and energy production that may not be
applicable to building consunption as well as actual netered
consunpti on and ot her known quantities. This nethod reconciles
entire installation consunption such that all energy and water is
equitably accounted for. It is an integral part of the process
used to
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derive accurate estimates of energy and water consunption anong
groups of buildings, ships, or processes where actual netered
dat a does not exi st.

The al | ocati on net hodol ogy and cal cul ati on assi stance
presented here are intended to be used to estimate individual
energy and water consunption as reconciled to total installation
consunption. In this system initial individual estimtes are
adj usted (equal ly anong individual estimtes) to account for
total installation consunption. This methodol ogy is not intended
to be used to estimate consunption for single buildings where no
ot her data exists. Use of the data and methodol ogy for this
purpose is not considered accurate.

1.3 Handbook Organi zation. Section 2 of this handbook
provi des cal cul ati on assistance in identifying an initial energy
use estimate for buildings, ships, and ot her energy uses. It

includes initial energy consunption val ues and provides
adj ustnment factors for use in revising the initial value to one
that is nore applicable to your installation.

Section 3 presents an energy allocation nethodol ogy for
reconciling total installation energy consunption to the various
netered data, as well as to estimates for each building, ship, or
process. This nmethod addresses nonbuil di ng consunption such as
line | osses, water and sewer, and other identifiable consunption
that would not normally be attributable to buildings, ships, and
processes.

Section 4 provides cal cul ati on assi stance and
al l ocation nethodol ogy for reconciling total installation water
consunption to netered data and estinates for each buil ding,
shi p, or process.

1.4 Cancellation. This handbook, M L-HDBK-1133, dated 30
Sept enber 1999, cancels and supersedes MO 303, dated
1 May 1972.
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Section 2: ENERGY CONSUMPTI ON ESTI MATI ON

2.1 Data Collection. The initial estimte of energy
consunption (when no netered consunption data is available) is an
inportant first step in assigning total energy consunption to

i ndi vi dual buil di ngs, ships, and other energy uses. This section
describes how to make those initial estimates for buil dings and
ships. It also provides guidance for estimating other
nonbui | di ng energy uses such as those for street lights, water
and sewer systens, and produced energy such as electric
generation, processes, and distribution | osses. For buildings,
the val ues include energy use intensities (EU s) expressed in

kil owatt-hours per square foot per nonth (th/ftZ/nD) or thousand

British thermal units per square foot per nonth (kBtu/ft2/nD)
(or, in SI units, thousand joul es per square neter per nonth

[kJ/n?/nD]). The appropriate value for ship energy use is the
hourly use rate, expressed in kilowatt-hours (kW) or thousand
British thermal units per hour (kBtu/h) (or, in Sl units,

t housand joul es per hour [kJ/h]).

A prelimnary step in assessing energy use for an
entire installation or a few buildings is to collect basic
building and installation data. The follow ng steps describe the
process of gathering this information.

NOTE
Thi s process can be done manually or with any spreadsheet
or dat abase software. Using a spreadsheet or database is
strongly recommended and will provide faster and easier
cal cul ati on

a) Al building energy assessnents require three
related data itenms. These are the cooling degree-days > 65
degrees F (18 degrees C) [CDD(65)], heating degree-days < 65

degrees F (18 degrees C) [HDD(65)], and wet-bulb hours > 73
degrees F (23 degrees C) [WBH(73)]. The values for these itens
shoul d be derived fromactual current data wherever possible. |If
current data is not available, a 30-year average (readily
avai |l abl e) can be used for annual estinmates. These values should
be expressed in nonthly or annual val ues, depending on the tine
period of billing or use-estinmation
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bei ng considered. This data should be available in NAVFAC P-89,
Engi neering Wather Data for Design and Construction, or fromthe
installation weather office or local airport.

b) Collect appropriate information from Naval
Facilities Assets Data Base (NFADB), NAVFAC P-78, Navy Facilities
Assets Data Base Managenent System Procedures Manual, or simlar
Real Property database sources, FACSO RPT 11016/ R4A640R01, Navy
Real Property - Cass 1 and 2: Detail, for all buildings to be
included in the estimation. The information to be collected and
a suggested format in which to record it are exenplified in Table
1. Each building or group of simlar buildings nust be assigned
a building type to determ ne the appropriate building EU val ues
to be used. Building type can be based on knowl edge of the
buil ding function. It can also be determ ned using the five-
digit Navy real property category code. Table A-1 in Appendix A
i ncl udes descriptions of the buildings represented by each
building type. Table A-2 lists the Navy category codes
considered to be applicable to each building type. |If the
information in these tables is used, the category code currently
assigned to each building nust accurately identify the true
current use of the building. |If it does not, another code should
be assigned. For buildings or category codes (includes building
types in Table A-3) that do not nmatch one of the building types
listed in Tables A-2 and A-3, a set of energy use values wll
need to be devel oped manually by the user based on ot her
hi storical or engineering information for use in |ater
calculations. Buildings with nore than one significant use area
can be subdivided and categorized separately by assigning the
appropriate square footage to applicable building types. Spaces
normal |y associated with a building type (for exanple, conference
roonms and breakroons in adm nistration buil dings) need not be
accounted for separately.

c) For each building or group of simlar buildings
detailed in Table 1, a group code is created by conbining the
codes in the donestic hot water (DHW, cool ed, and heat fuel
colums. These group codes are used later to conbine buil di ngs
with simlar energy use. Oher reasons, if any, for grouping
bui | di ngs can be added to the group code. Possible additional
itens may include activity, reinbursable status, or utility
billing nmeter.
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The information collected in each step |listed above
shoul d be recorded as accurately as possible, as it fornms the
basis for all other building energy use cal cul ati ons.

Table 1
Facility Data From Real Property Data Sources

El ec. Fossi | DHW Cool ed? | Heat
Bl d Cat egory | Bl dg Area Met er ed Fuel s Fuel (YI'N) Fuel | Group (b)
No. Code Type £12 (YI'N Metered | (a) (a)
(Y'N)
1 14140 ADM 50, 000 N N E Y FNG | E- Y- FNG
N
2 BRK 25, 000 Y N FNG Y FNG | FNG Y- FNG
FH 1, 200 N N E Y EHP | E- Y- EHP
4 ADM | 200, 000 N N E Y FNG | E- Y- FNG
N
6 FH 1, 500 N N E Y EHP | E- Y- EHP
7 SHOP | 50, 000 N Y FNG N FNG | FNG N- FNG

Not es:

(a) Fuel type abbreviations are as foll ows:

E = electric

ER = electric resistance heat (e.g., baseboard, forced air, radiant)
EHP = el ectric heat punp heat

FNG = fossil fuel - natural gas

FFO = fossil fuel - fuel oil

FS = fossil fuel - steam

FO = other fossil fuel (e.g., propane, hot water, coal, wood)

F = any fossil fuel

NH = no heat

(b) Goup is a code used to group simlar buildings by the donestic hot water
(DHW fuel type, presence/absence of cooling, and heating fuel type. This fieldis
sinmply the previous three fields conbined.

2.2 Bui I ding Energy. On Navy installations, buildings
often constitute a major consuner of energy. For this reason,
the estimate of building energy consunption nust be as accurate
as possible to develop reliable energy consunption information
for each Navy installation. Energy consunption by
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buil dings is expressed in terns of energy per unit area per unit
time. In this handbook energy netrics used are as follows:

a) Electricity use is expressed in kilowatt-hours per
square foot per nonth (kv%lftzlnn) (in SI units, this is
kil owatt-hours per square neter per nonth [kV%/n?/nD]).

b) British thermal units per square foot per nonth
(kBtu/ftzlnn) (in SI units, this value is expressed in thousand
joul es per square neter per nonth [kJ/n?/nD]).

These EU values are derived from actual netered energy
consunption data collected at building and overall installation
| evel s. Table B-1 in Appendi x B contains the EU val ues and
ot her adjustnent factors for Navy buildings. These EU s are used
to determine initial energy use values for each building or group
of buildings. Tables 2 and 3 provide exanples of the data to be
gat hered and cal cul ations to be perforned for building electric
and nonel ectric energy consunpti on.

2.2.1 Electric. The follow ng steps define the process for
estimating electrical building energy consunption using the forns
shown in Tables 2 and 3.

a) Enter all netered building data (fromutility or
installation nmeter readings) onto the Table 2 form Subtotal the
energy consunption by building type. The values account for al
known buil di ng energy use and need not be estinmated. |If netering
equi pnent or readi ngs are known to be inaccurate, the associ ated
bui | di ng energy use should not be included here. A total
consunption estimate for netered buil di ngs can be nade by
totaling all building type totals.

b) For buildings where netered data is not avail abl e,
subtotal the square footage in the real property database by
Bl dg. Type and G oup. Enter the Bldg. Type, G oup, and Area in
the Table 3 form Enter the three weather paranmeters in the
appropriate cells.
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c) For each nonnetered Bl dg Type and Goup identified
on the Table 3 form find the corresponding EU in the Electric
M sc. EU colum in Table B-1 of Appendix B and enter that val ue
on the Table 3 form

d Simlarly, find the appropriate DHWEU (i f
electric) and enter it on Table 3 form

e) If the building is cooled, find the appropriate
CDD(65) factor in Table B-1 and enter it on the Table 3 form
along with the appropriate CDD(65) value. |If it is a famly
housi ng buil ding type, also add the appropriate WBH factor and
VBH val ue.

f) If the building is heated electrically, find the
appropriate Electric Heat factor in Table B-1 and enter it on the
Table 3 formalong with the appropriate HDD(65) val ue.

g) Sumthe EU portions to derive a total building
type EU .

h) Calculate the total consunption for each buil ding
type using the appropriate total area values. Total consunption
for nonnmetered buil dings can be estimated by totaling al
bui l di ng type totals.

Tabl e 2
Metered Buil ding Electric Data

Bl dg. Bl dg. Ar ea, Electricity,
Type No. ft2 kKWh/ mont h or
year
BRK 2 25, 000 40, 125
TOTAL 40, 125




Tabl e 3

Estimated Building Electric Data

Bldg. | Goup [Msc. |[+| DHW |+| [CDD * [CDD/ |+| [WBH * [WBH |+|[Elec. * [HDD |=|Total Tot al Electricit

Type EU EU Factor 1000] Fact or /1000] Heat /1000] El ec. Ar ea, y kWh/ np
(a) (b)] (c)] Fact or EU £12 (e)

(d)]
ADM N|E- Y- E 0. 804 0. 246 2.93 0. 20 0 0 0 0 1.636 250, 00 409, 000
0

FH E- Y- EHP| 0. 487 0. 318 0. 539 0.20 1.74 0. 0250 0.777| |0.0150 0. 968 2,700 2,613

SHOP (F-N-F 0. 397 0 0 0 0 0 0 0 0. 397 50, 000 19, 850

TOTAL 431, 463

Not es:

(a) See first termin Goup. |If it is an E, then enter the electric DHWEU from EU Tabl e;

ot herwi se, enter zero.

(b) See second termin Goup. If it is a Y, enter the CDD factor fromthe EU Table; otherw se,

enter zero.

(c) If the building type is FH, enter the WBH factor fromthe EU table; otherw se, enter zero.

(d) See the third termin Goup. |If it is ER enter the electric resistance factor. it is

EHP, enter the heat punp factor; otherw se, enter zero.

(e) If the calculation is being done on an annual basis, the Msc. and DHWEU nust be nultiplied

by 12.

EETT -MEaH -T IN
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2.2.2 Nonel ectric. The follow ng steps define the process
for estimating nonelectric building energy consunption using the
forms shown in Tables 4 and 5.

a) Enter all netered building data (fromutility or
installation nmeter readings) onto the Table 4 form Subtotal the
energy consunption by building type. This information accounts
for all building energy use that is known and need not be
estimated. |If netering equipnment or readings are known to be
i naccurate, the associated building energy use should not be
i ncluded here. A total consunption estinmate for netered
bui | di ngs can be nmade by totaling all building type totals.

b) For the buildings where netered data is not
avai |l abl e, subtotal the square footage in the Real Property
dat abase by Bl dg Type and Group. Enter the Bldg Type, G oup, and

Ar ea, ft2 in the Table 5 form Enter the HDD(65) values in the
appropriate cells.

c) For each nonnetered Bldg Type and G oup, find the
appropriate DHWEU in Table B-1 of Appendix B and enter it on
the Table 5 form

d) If the building is heated (nonelectrically), find
the appropriate HDD(65) factor and enter it on the Table 5 form
along with the appropriate HDD(65) val ue.

e) Sumthe EU portions to derive a total building
type EU .

f) Calculate the total building type consunption using
the appropriate total area values. A total consunption estinmate
for nonnmetered buil dings can be nade by totaling all building
type totals.

10
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Tabl e 4
Met ered Bui |l di ng Nonel ectric Data
Bl dg. Bl dg. Area, Fossil Fuel s,
Type No. ft2 kBt u/ nont h or
year
SHOP 4 50, 000 36, 068
TOTAL 36, 068
Table 5

Esti mat ed Buil di ng Nonel ectric Data

Bl dg. G oup DHW [HDD * [HDD |=| Total * | Area, Nonel ec.
Type EUI Fact or /1000] Nonel ec. £12 Tot al
(a) (b)] EUI kBt u/ nont h
(c)
ADM N |E-Y-F 0 8.51 0. 0150 0.127 250, 00 31, 750
0
FH E- Y- 0 0 0 0 2,700 0
EHP
BRK F-Y-F 2.725 4.81 0. 0150 2.797 25, 000 69, 929
TOTAL 101, 679
Not es:
(a) If the first letter inthe first termin Goup is F, enter the
nonel ectric DHWEU for the building type fromthe EU table; otherw se, enter
zero.
(b) If the first letter of the third termin Goup is F, enter the
nonel ectric HDD nodifier for the building type fromthe EU table; otherw se,
enter zero
(c) If the calculation is being done on an annual basis, the DHWEU nust be

mul tiplied by 12.

2.3 Ship Energy. Energy use by ships cannot generally be
characterized in ternms of square footage. Instead, that activity
is characterized by the nunber of hours the ship is supplied by
shore utility services. |In this handbook, an hourly use rate,
expressed in kilowatt-hours (kW) or thousand

11
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British thermal units per hour (kBtu/h) (or, in Sl units,

t housand joul es per hour [kJ/h]), is used for ship energy use.
In general, ships alongside the dock require two types of |oads:
mai nt enance/ over haul | oads and hotel loads. |In this handbook,
nost m nor repair work not associated with a Naval shipyard
(i.e., when the crew stays on board) is considered part of the
hot el | oad.

2.3.1 Mai nt enance/ Over haul Loads. Maintenance and over hau
work is usually a conbination of dockside and dry-dock operations
during which the crewis off the vessel. This kind of energy use

depends heavily on the type of work being perfornmed and how this
work is performed at each specific |ocation; consequently, it is
not easily quantified. At nost installations, some nmeans of
estimating this energy is in place and nust be considered the
best avail abl e dat a.

2.3.2 Electric Hotel Loads. Electric hotel |oads by ship
class are shown in the ship’'s characteristics database (SH PS) at
http://www.efdlant.navfac.navy.mil/LANTOPS 15/home.ntm and Construction Criteria

Base (CCB). For ships not included in the ship’'s characteristics
dat abase (SHI PS) at http://www.efdlant.navfac.navy. mil/LANTOPS 15/home.ntm and CCB,
hotel | oad data nust be derived by other nmeans. |If a simlar
ship (size, form function) is listed in the ship’s
characteristics database (SH PS) at

http://www.efdlant.navfac.navy. mil/LANTOPS 15/home.ntm and CCB, the |isted | oads may
be the best avail abl e dat a. The estimated energy consunption
is calculated by multiplying the kilowatt | oad by the nunber of
hours the ship received shore power. Electric demand is sinply
the kilowatt |load, unless it is known that the ship was connected
during only off-peak periods when no kilowatt consunption is

bi |l | ed.

2.3.3 Steam Hotel Loads. Steam hotel |oads conprise the
constant load required for ship systens (e.g., donestic hot
water, galley, laundry, boiler) and the intermttent (space
heating) |oad. The ship’s characteristics database (SH PS) at
http://www.efdlant.navfac.navy. mil/LANTOPS_15/home.ntm and CCB present the steam
| oads by ship class. For ships not included in the ship's
characteristics database (SH PS) at
http://www.efdlant.navfac.navy.mil/LANTOPS_15/home.htm and CCB, use data fromthe
table for a simlar ship. The intermttent |load is based on

12
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out door tenperature; interpolation between tenperature val ues nmay
be required to match a specific location. An approxinmation of

t he appropriate outdoor tenperature to use can be cal cul ated as
the HDDs for a period divided by the nunber of days in that
period (typically a nonth). For additional accuracy,
tenperatures can be calculated in this nmanner for consecutive
weeks or days and averaged over a nonth. Steamuse is cal cul ated
by multiplying the sumof the constant and intermttent |oads by
t he nunber of hours the ship received shore steam

2.3.4 Metered Data. I n nany cases, a pier may be netered for
el ectricity or steam but individual ships are not. |If only one
ship is at the pier, the netered data can be used to determ ne

t he consunption by the ship. Mre often, several ships are at
the pier, all connected to a single neter. Using the data in the
ship’ s characteristics database (SH PS) at
http://www.efdlant.navfac.navy.mil/LANTOPS 15/home.ntm and CCB, consunption can be
prorated to the individual ships based on the netered total.
Usi ng actual netered data in this manner is always reconmended
over relying solely on the data fromthese tables.

2.3.5 Process for Estimating Ship Energy Consunption. The
follow ng steps define the process for estimating ship energy
consunption using the forns shown in Tables 6 and 7. Rel ated
ship service energy associated wth pier operation such as pier
lighting, transforner | osses, conpressed air supply, and
sewer/water punps that are not separately netered or accounted

for will be prorated to ships under this process. |If this energy
is not to be prorated to ships, it nust accounted for as an
additional line itemin the reconciliation process (refer to

pars. 2.4 through 2.8).

a) Enter all netered ship data on the Table 6 form
Al that is required is the Ship C ass/Nane and the energy
consunption. This data accounts for all ship energy use that is
known and need not be estinmated. |If netering equi pnment or
readi ngs are known to be inaccurate, the associated ship energy
use val ue shoul d not be i ncl uded.

13
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b) For each nonnetered Ship O ass/Nane, find the
Design Electric Load, kWin the ship’s characteristics database
(SHI PS) at http://www.efdlant.navfac.navy.mil/LANTOPS 15/home.ntm and CCB and ent er
it on the Table 6 form

c) Simlarly, find the appropriate Intermttent Steam
and Constant Steam values fromthe ship’'s characteristics
dat abase (SHI PS) at http://www.efdlant.navfac.navy.mil/LANTOPS_15/home.ntm and CCB
and enter themon the Table 7 form The HDDs for a period
di vi ded by the nunber of days in that period (typically a nonth)
can be used as an approxi mati on of the appropriate outdoor
tenperature to use in finding the Intermttent Steam value. For
addi tional accuracy, tenperatures can be calculated in this
manner for consecutive weeks or days and averaged over a nonth.
I f the cal cul at ed outdoor tenperature falls between the
tenperatures in the ship’s characteristics database (SH PS) at
http://www.efdlant.navfac.navy.mil/LANTOPS 15/home.ntm, an i nterpol ation wll be
required.

d) For each ship, obtain the Connect Hours from
appropriate port or dock offices. Enter the hours for each ship
on both Table 6 and 7 forns.

e) Calculate each ship's total consunption for
electric and nonel ectric use based on the connected hours.

f) Add any estimates for major maintenance and
over haul consunption to both the electric and nonelectric
cal culations. A total consunption estimate for all ships can be
made by totaling all individual ship totals. Refer to
M L- HDBK- 1025/ 2, Dockside Uilities for Ship Service for
diversity factors use in determ ning demand in nultiple berthing.

14
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Table 6
Met ered and Estimated Ship Electric Data
Ship Cass/ | Connect * Design Elec. |= Shi p
Nane Hour s Load, kW Electricity,
kWh
CG 16 30 1, 080 32,400
DD- 931 10 1, 150 11, 500
CVN- 68 40 5, 990+5, 760 470, 000
TOTAL 513, 900
Table 7
Metered and Estimated Ship Nonel ectric Data
Shi p Intermttent + Constant [ =| Ship * Connect [= Ship Steam
Cl ass/ Name |Steam kBtu/h St eam St eam Hour s Consunpti on
kBt u/ h Load kBt u
CG 16 2.4 2 4.4 30 132
DD- 931 1.5 1.2 2.7 10 27
CVN- 68 13. 4 6.7 20.1 40 804
TOTAL 963
2.4 Unusual Building Loads. In this handbook, unusual

buil di ng | oads are defined as | oads associated with a buil ding
that are not considered a part of typical operations for that
buil di ng type. These |loads are found in two types.

The first type is operation of equipnment or buildings
in excess of typical conditions. This would include typical
daytinme buildings or systens operated 24 hours per day. The
second type contains |oads that are not considered typical
functions in that building type. Exanples include large printing
equi pnent in a standard office building or swinmm ng pool water
circulation equi prment included in a storage building. Neither of
these load types is represented in the typical EU val ues
presented in this handbook and nust be added as part of the
whol e- bui | di ng EUI

15
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Loads defined as unusual will typically be found as
notor | oads, resistance electric | oads, or process steam or hot
wat er | oads. Estimating these |oads can be a straightforward
cal cul ation of operating rate or capacity multiplied by the hours
of operation. However, in many cases the hours of operation are
not well known. The rate or capacity of equi pnent can al so be
hard to identify accurately. 1In the case of constant |oads such
as strip heaters or single-level steam appliances, the nanepl ate
rati ng expressed in energy per hour can be considered an
appropriate value. For notors and other induction | oads, the
actual consunption rate value will depend on actual | oading of
the equipnent. This |loading will vary greatly and may be
difficult to quantify. 1|In nost cases, the nanmepl ate values w |
be a maximumthat is not often achieved. Estinmates of these
unusual | oads nust be added to the total energy consunption val ue
derived for the typical building with which it is associated. To
estimate each | oad, the follow ng steps can be used:

a) ldentify the naneplate or other val ue of capacity.
| f part-load or other actual operational conditions that affect
actual energy draw can be determ ned, they should be taken into
consi derati on.

b) Determ ne the nunber of hours of operation.

c) Calculate consunption by multiplying consunption
rate by tine.

d) Add this value to the electric or nonelectric total
as appropriate.

2.5 Street and Exterior Lighting. Street and exterior
lighting is defined to be any exterior lighting other than that
typically found around a building. Therefore, nornal
safety/security lighting (e.g., lighting over doorways and
entrances; porch lights) is not typically considered exterior.
Lighting in parking areas, security lighting, or floodlighting
for outdoor work at night are typically considered exterior. The
energy this lighting consunes is not usually assigned to specific
buil dings or activities and is often accounted for separately.
The determ nation of whether this energy use is

16
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to be allocated anong buildings or ships is |left to each user and
can be appropriately accounted for in the reconciliation process
(Section 3). |If reliable nmetering of exterior lighting is in

pl ace, this is considered the best source of an energy value. |If
partial or no netering is available, the nethod presented here
can provide a reasonably accurate estinate.

2.5.1 Accountability. The level of detail at which this
energy can be accounted for can vary dependi ng on the anount of
data avail abl e and the anount of effort expended in collecting
additional data. |In nost cases, an accounting of the quantity
and type of street lighting can be aided by mai ntenance personnel
and | anp procurenent records. These may provide i nformation
about the size and type of overhead |ights that are inaccessible

w t hout special equipnment. |If outdoor lighting data is not
avai l abl e from mai ntenance or facilities sources, an inventory
will be required. |If possible, the information should be
recorded on the basis of individual lanps as this will facilitate

future energy use adjustnments and demand cal cul ations in
connection wth system expansi ons. The outdoor |ighting |oads
shoul d be defined by type, nunber of lights, rating, and, where
applicable, kinds of use (intermttent or all night). Typical
operating hours for nost standard exterior lighting include the
fol | ow ng:

a) Street lighting - average hours, sunset to sunrise.

b) Security lighting - average hours, sunset to
sunri se.

c) Floodlighting of working areas - average hours, one
hour before sunset to end of |ast working shift (or one hour
after sunrise, whichever cones first).

d) Parking lot floodlighting - average hours, sunset
to one-half hour after end of |ast working shift, plus duration
of special events requiring evening use of parking lots (the base
security office may keep records of such special off-hour uses).

17
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Most outdoor lighting falls into the first two
categories. For safety and security reasons, working area and
parking lot lights are sel dom exti ngui shed and woul d therefore be
considered security lighting. However, any lights that do
operate on a less than all-night schedule should be noted on the
lighting inventory. Steps should be taken to ensure that other
speci al uses of significant outdoor |ighting | oads such as
airfield and dockside lighting are recorded. Monthly sunrise and
sunset times can be used to estimate the nunber of hours of
dar kness during any analysis period (i.e., nonthly). On an
annual basis, average hours, sunset to sunrise, will be 12 hours
per day, 365 days per year.

Most high-intensity discharge (HHD) lighting uses a
ballast simlar to fluorescent lighting. The ballast draws a
certain amount of energy for its operation. This energy mnust
al so be included when calculating the total energy use for
outdoor lighting. Table C1 in Appendix Clists nost of the
di fferent outdoor light types and typical conbined | anp and
bal | ast wattage. Note that Table C- 1 does not include
fluorescent lights. These are usually not used as exterior
lighting as defined here. Fluorescent outdoor lighting is
usual ly attached to the building and i ncluded in building energy
consunpti on.

The outdoor lighting energy for each lighting type and
hours of use is obtained by

_N*p,*H
1000
(1)

wher e

E = energy consunption in kilowatt-hours

N = nunber of lanmps of a given rating

Pr = lanp rating in watts (including any ball ast)

H = illumnating hours per day wwth H adjusted to

fit conditions at the activity as di scussed above
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2.5.2 Process for Estimating Qutdoor Lighting Operation. The
foll owi ng steps define the process for estinmating outdoor
Iighting operation using the formshow in Table 8:

a) Conplete an inventory of lighting including |anp
type, quantity, and hours of operation during the tine period
bei ng consi der ed.

b) For each lanp type and size, identify the total
wattage draw from Table C-1 in Appendix C

c) Calculate energy consunption per Equation 1.

d) Sumall energy consunption values to derive total
installation exterior |ighting consunption.

Table 8

Exterior Lighting Energy
Lamp Type| Count |* Lamp + * Hours |/ 1000 |= Street

Bal | ast (W kw I'ighting

Wat t age Ener gy, kW
HPS 150 25 185 365 1000 1, 688
MERC 400 40 454 365 1000 6, 628
. 1000
TOTAL 8, 316
2.6 Electric Transm ssion and Distribution Losses. The

transm ssion and distribution | osses associated with all energy
production and supply systens nust be accounted for separately if
an accurate allocation of energy is to be made. The

determ nati on of whether this energy use is to be allocated anong
buil dings or ships is left to each user and can be appropriately

accounted for in the reconciliation process. In sone cases,
anal ysis of these | osses may already have been done by
installati on personnel or outside contractors. |If these values

are considered current, they may provide the best estimate of
these | osses. Estinated | osses between 3 and 10 percent of total
electricity consunption have
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been cal culated at various mlitary installations (Giffis Ar
Force Base | ntegrated Resource Assessnent, Volunme 2: Baseline
Detail, Dixon et al., 1993; Vandenberg Air Force Base |Inteqgrated
Resource Assessnent, Volune 2: Baseline Detail, Halverson et al.,
1993; Robins Air Force Base |ntegrated Resource Assessnent,

Vol unme 2: Baseline Detail, Kelleret al., 1993; Fort lrwin

| nt egrat ed Resource Assessnent, Volune 2: Baseline Detail,
Richman et al., 1994). This can be a relatively small nunber
conpared to other energy uses. However, if an accurate value is
desired, the nethodol ogy presented here can provide an estimate
with a mnimum of required data.

2.6.1 Transforner Losses. Most transm ssion and distribution
system energy | osses are due to transforner |osses. Transforner
energy |l oss consists of no-load and | oad power |osses. No-I|oad
|l oss is the energy consuned by the transformer's magnetic field
during periods when the transforner is energized. This loss is
dependent on the device configuration and design, materials used,
and power voltage and frequency. These characteristics remain
constant during the | oading cycle and, therefore, do not change
with transfornmer | oad neasured in kil ovoltanperes (kVA). Load

| osses, on the other hand, are produced fromresistance in the
conductor wi ndings. These |osses are a function of the total
transforner current and vary as a function of the square of the
transforner | oad.

2.6.2 Transfornmer Loss Calculations. Transfornmer |oss

cal cul ati ons include both the peak power denmand and the annual
energy consunption. This distinction is particularly inportant
to assess the inpact to the overall electrical consunption,
because both demand and energy are billed separately. The peak
transforner demand includes the no-load and | oad | osses. Because
transforner loss is a function of |oad, the maxi numtransforner

| oss is al nost al ways coincident with the peak | oad consuned by
the installation.
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Table D-1 in Appendix D lists typical no-load and | oad
| osses for various transforner sizes taken fromdata contained in
El ectric Power Distribution System Engi neering, Gonen, 1986. The
| oad 1 oss given in the table represents operation at ful
namepl ate capacity, as neasured in kVA

NOTE

Al t hough Table D-1 has value related to | osses for ol der
existing transfornmers, it is not accurate for transforners
that the Navy has been procuring through NAVFAC gui de

speci fications such as NFGS-16272, Three Phase Pad- Mount ed
Transforners. The no |oad | osses derived fromthe NFGS are
| ower than those in Table D-1. The load | osses for |arger
transforners derived fromthe NFGS are | ower than those in
Tabl e D 1.

To calculate the total energy |loss of the transforners,
both the no-load and | oad contributions nust be accounted for.
The no-1oad energy consunption is the no-load | oss multiplied by
t he nunber of hours in the time period under consideration. The
| oad | oss contribution nust include the nature of part-I|oading on
transforners as well as variations in the |oad.

2.6.2.1 Peak Load. Because the peak |load normally differs from
the transfornmer capacity given in Table D-1, the actual |oss nust
be adjusted accordingly. Equation 2 gives the fornmula for

cal cul ating the demand | oss factor (FpLS) used to adjust the
transforner |oss during peak | oading as opposed to nanepl ate
capacity operation. Because the load loss is primarily resistive

| osses in the windings, this equation is based on the 1 2R nat ure
of resistive | oss:

Peak Load (kW) * div. factor °
Nameplate Capacity(kVA)

DLS:|

(2)

wher e

Peak Load (kW = peak billed kilowatts from
utility billing
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Nanepl ate Capacity (kVA) total installation
transforner capacity

Di vi sion factor = 2.0

The diversity factor (ratio between the individual maxinum
demands and the coi nci dent nmaxi mum dermand) is applied at a val ue
of 2.0 to all transfornmers based on the National Electric Code
diversity factor allowances (The National Electrical Code
Handbook: Based on the 1999 Edition of the National Electrical
Code, Earley et al., 1999).

2.6.2.2 Load Variations. Variations in electrical consunption
can exist hourly (within a 24-hour day), seasonally (primarily
sumer/winter), and by electrical feeder |oading. These |oad
variations affect actual |osses and should be accounted for, if
known. Seasonal, nonthly, or feeder variations can be accounted
for by calculating the various |oading factors needed for this
anal ysis for each season, nonth, or feeder. The 24-hour
variations are generally constant for nbst energy use except
cooling and are inpractical to cal culate for each separate day.
Therefore, another factor (FLp) accounts for the effects of daily

| oad variations and the |2R nature of the resistive |oss, using
t he average and peak | oads that are easily acquired fromutility
and installation sources. Equation 3 gives the fornula for
calculating this load factor. The equation is based on data
devel oped in Gdnen (1986).

Average Load (kW)

F.o = Load Factor =
Peak Load (kW) (3)
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wher e
Aver age Load (kW

total utility billed kilowatts in
billing period

peak billed kilowatts fromutility
billing

Peak Load (kW

The (FLp) and (FpLs) factors are used to derive the energy | oss
factor (FELS) shown in Equation 4. This calculation conbines the
partial |loading and | oad variation effects into one factor:

Fes=Fops(0.3F . + 0.7 Fip)

(4)

The equations for calculating the overall contribution of
transforner | osses to demand and energy consunption are given in
Equations 5 and 6:

Demand Loss (Watts) = NLL + Fp*LL (5)

Energy Loss (kWh ) = hours(NLL + Fgs*LL)/1000

(6)
wher e
NLL = transforner no-load | oss (watts) from Table D1
i n Appendi x D
LL = transforner load |loss (watts) fromTable D-1 in
Appendi x D
hours = hours in the period being considered (nonth,
year)
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2.6.3 Process for Estimating Electric Transm ssion Losses.
The foll ow ng steps define the process for estimating electric
transm ssion | osses using the forms shown in Tables 9 and 10:

a) ldentify the tinme period to be considered such as
nont h, season, or year. ldentify the peak load for that tine
period fromthe utility bill. Calculate the total nanepl ate
capacity by sunming the kVA rating of all transforners.

Cal cul ate the average | oad by dividing the total kilowatt-hours
consuned by the total hours in the tinme period. Enter each of
t hese values in Table 9.

b) Fromthe values entered and derived in Step 1,
calculate the (FpLS), (FLD), and (FgELS) factors using Equations

2, 3, and 4 and enter on Table 9.

c) Enter No. of Phases, Voltage, Capacity, and No. of
Units information for each transfornmer type in Table 10. For
each transformer or group of transforners, find the appropriate
Load Loss and No-Load Loss values in Table D-1 in Appendi x D and
enter on Table 10. |If the transfornmer does not appear in the
tabl e, extrapol ation can be used, or check with the manufacturer
to determ ne the | osses.

d) Using Equations 5 and 6, cal culate the Energy Loss
and Demand Loss for each transformer or group of transforners.
Not e: The exanple in Table 10 uses sumer val ues and nunber of
hours in one season.

' ~e) Sumall transformer |oss values to create total
installation transformer energy and denmand | oss val ues.
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Tabl

e 9

El ectrical Transformer Loss Factors
Season/ Mont h Peak Aver age Tot al Demand Loss Load Energy Loss
Load Load Narmepl ate |Factor (FDLS) | Factor Fact or
(KW (KW Capaci ty (FLD) (FELS)
(KVA)
Sunmer 800 100 1225 1.706 0. 125 0. 0826
W nt er 400 60 1225 0. 426 0. 150 0. 0259
Tabl e 10
El ectrical Transformer Losses
No. of Vol t age Capacity No. of | No-Load Load Energy Loss Demand
Phases | (Prim Sec) (kVA) Units |Loss (W Loss (kWh/ nonth) | Loss (W
(W
1 2400/ 240 25 3 118 304 940 1,910
1 7200/ 480 50 1 185 535 502 1, 098
3 4160/ 208 150 4 560 1690 6, 128 13,773
3 12,470/ 480 500 1 1600 5200 4, 445 10,471
TOTAL 12, 015 27, 252

EETT MaAH -T N
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2.7 Water and Sewer Energy. Water and sewer energy

i ncl udes the energy associated with potable water and sewage
wast e punpi ng, processing, and distribution. These services are
usually installation-wi de and either supplied under contract with
others, operated by the installation facilities organization, or
performed by some conbi nati on of these. Where the services are
supplied under contract, there is no energy consunption to deal
with in this process: the cost of the contract includes the
energy conponent. \Were these services are operated on the
installation, an energy consunption value nay need to be
identified for energy accounting and all ocation purposes.

2.7.1 Water Supply System Typical water supply system nay
consist of well or reservoir punps and booster or supply punps.
These punps account for the vast majority of energy consuned by
nost water systenms. The calcul ation of water supply energy
general ly involves cal culating the energy use for nmultiple
notors. Two primary cal cul ati on net hods can be used, dependi ng
on the type of data available at the installation.

2.7.2 Calculation of Water Supply Energy. The first nethod
appl i es when notor characteristics data and punp run hours are
avai lable. This information is often kept by the water supply
departnent for water bal anci ng and notor replacenent purposes.
In this case, a straightforward multiplication of notor energy
consunption in kilowatts (kW by tinme in hours provides a

kil owatt-hours (kW) value. Mdtor energy consunption depends
primarily on notor horsepower (hp) capacity, efficiency, and

| oadi ng. The notor capacity and efficiency can often be found on
nanepl ates or from manufacturers' literature. National

El ectrical Manufacturers Association (NEMA) MG, Mdtors and
Generators, Table 12-10 provides typical notor efficiency val ues
if actual efficiencies cannot be found. The efficiency wll

af fect actual consunption beyond standard capacity ratings.

Motor loading is also known to affect actual notor
energy consunption. However, this effect is usually noticeable
only at | oadi ng bel ow 50 percent and can be ignored for nost
wat er and sewer system notors. Equation 7 provides a calculation
met hod when run hours are avail abl e:
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motor capacity (kW )
motor efficiency

* run hours = energy use (kWh)

(7)

where notor capacity is in kWor horsepower nmultiplied by a
conversion factor of 0.746.

If run hour data is not readily available, a | ess exact
approach can be used. This approach involves applying data for
total delivered gallons of water and gall on-per-mnute (gpm punp
ratings to estimate run hours. At its roughest level, the total
gal l ons of delivered water can be divided by the total gpmrating
for all punps to obtain average operating hours based on an
average punp rating. Miltiplying the operating hours val ue by
t he average punp notor capacity (KW wll provide an estimted
wat er energy consunption. This process should be conpleted for
as small a set of notors as possible where water use data exists.
Using the small est possible notor set will make the average punp
notor capacity val ue as accurate as possible.

Care should be taken if booster punps are in use.
Because these punps typically punp the sanme water again, their
inclusion in the cal culation of average operating hours wll
produce | ower than actual punping hour values. The energy use of
t hese punps shoul d be cal cul ated separately. Discussions with
wat er supply personnel may al so provide information on which
punps are used the nost. Equation 8 provides a calculation
met hod when run hours nust be estimated.

ave. motor capacity (kW) , gallons
ave. motor efficiency 60gpm

= energy use (kWh)

(8)

wher e

ave. notor capacity (kW aver age capacity of target
set of notors
average capacity of target

set of notors

ave. notor efficiency

gal | ons = total delivered gallons
for target set of notors
gpm = average gpmrating for

target set of punps
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2.7.3 Sewer Energy. Sewer processing energy is used in a
variety of punps and m xing notors as well|l as sewage booster
punps. Estimates of the energy use associated with the booster
punps can be calculated in a nmanner simlar to that for the water
supply estimate. Specific operating records for the processing
punps and m xi ng notors may not exist. However, nbst sewage
processing is a 24-hour-a-day operation. Discussions with
operating personnel may provide appropriate details, and notor
efficiency and | oadi ng shoul d be consi dered.

2.8 M scel | aneous Nonbui |l di ng Loads

2.8.1 Ext eri or Communi cations. Exterior comruni cation energy
use usually associated with shore-to-ship operations is variable
and therefore hard to quantify. Normal ship or building

comuni cation traffic will be included in estimtes of typical
ship and conmmuni cations building electricity use. However,
unusual | y heavy transm ssions or continuous use may need to be
assessed separately and added to appropriate ship or building
consunption estinmates. The estinmate of these additional |oads
coul d be derived using the nameplate ratings on specific

equi pnent, estimated hours of operation, and | ength of

transm ssions. The transm ssion |ength and nunber information
shoul d be avail able froma comuni cati ons office where

transm ssion information is kept.

2.8.2 Process Loads. Process |oads such as production and
ship/aircraft overhaul are also difficult to quantify. A
preferred nmethod of identifying process energy use is the use of
short-term portable netering (day or week) of selected processes
as a baseline for energy consunption. |[If this is not practical,
the | oads can be estimated by identifying the equipnment in use,
its actual energy draw (from nanepl ate or spot netering), and
operating characteristics.

2.8.3 Steam and Hot Water Distribution Losses. Steam and hot
wat er distribution | osses are not included as part of initial
bui | ding energy use values in this handbook. [If distribution

| osses are to be apportioned throughout all buildings that use
this energy, then cal culation of |losses is not specifically
required for a final reconciliation of all installation energy.
The energy will be apportioned to the buildings as part of the
reconciliation process. However, a nethod is presented here to
separately assess this energy if needed.

The nethod invol ves an assessnent of system pl ant
| oadi ng during no-use hours. The best times to use for this
estimate are those when there is no heating load and virtually no
hot wat er consunption. This would typically occur on a warm
weekday sumrer night between 1 a.m and 4 a.m Also, consider an
appropriate tine in the spring prior to summer shutdowns and a
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time in the fall shortly after wnter startup. Plant operating
records that indicate steamor hot water supply tenperatures and
flows during these tines can be used to assess | osses. During
no-use periods, the amount of fluid cycled and associ ated supply
and return tenperatures should be collected. Generally, the nore
periods of data collected and used, the nore accurate the
estimate. The difference in tenperatures (assum ng constant
pressure) can be used with any standard steamtable to determ ne
an estimated heat | oss per quantity of fluid. This value
multiplied by the fluid cycled will provide an estimte of heat

| osses per hour. This nmethod nust assume the accuracy of the

fl ow and tenperature neasurenents. Any condensate return in
steam systens nust al so be accounted for. Equation 9 can be used
to calculate estinmated | osses from steam and hot water systens:

[Esupp* FlOWsupp] - [ Eret™ FlOWret]

Loss-rate=
1000
(9)
wher e

Loss-rate = estimated line loss rate in kBtu/h
Esupp = ent hal py of steam OR hot water flow at

exit tenperature in Btu/lb
Flowsupp = flow rate of supply fluid in Ib/h
Er et = ent hal py of condensate OR hot water flow

at return tenperature in Btu/lb
Fl ow et =flowrate of return fluid in Ib/h

The | oss rate value can then be nultiplied by the plant operating
hours for the time period being anal yzed, to derive an estinmated
| oss val ue.

2.8.4 Central Plant Efficiency. Central plant efficiency is
anot her energy use that is not accounted for in building
estimates. As with line losses, if this energy is to be
allocated to buildings, it need not be cal cul ated. However, if
this energy use is to be accounted for separately, it nmay be
estimated. Plant efficiency is a conbination of other conponent
ef ficiencies such as conbustion, transfer |osses, and auxiliary
| oad uses. Assessnents of |arge central plant operations and
efficiencies may have been done recently at the installation by
installation or contractor staff. This information provides the
best values and is the preferred nmethod. |If these assessnents
have not been done recently, the operations staff may roughly
estimate efficiency by dividing the thermal content of fuel used
by the thermal content delivered.
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2.8.5 Enerqgy Transfers Of the Installation. Energy
transfers off the installation do not necessarily require any
cal cul ation unless the quantities are unknown. This energy
transfer is discussed here because it is inportant that it be
included in any total installation reconciliation. |If any raw
fuel or energy produced on the installation is transferred off
the installation, it nust be accounted for in raw fuel
gquantities. The efficiency of its production or distribution is
not inportant to total installation reconciliation so long as the
raw fuel consunption is billed to others and not assuned as a
cost to the installation.
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Section 3: ENERGY CONSUMPTI ON DATA RECONCI LI ATI ON

3.1 Scope. Reconciliation of all estinmated (or netered)
energy consunption data with the total actual consunption
(installation, feeder, netering point) is as inportant to
accurate energy allocation as the assignment of an initial EU
The reconciliation accounts for inaccuracies in the EU val ue
assignments by forcing the sumof all estimated and netered
values to equal the total actual (billed) consunption. If al
initial estimtes are based on simlar assunptions and estination
techni ques, the reconciled values can be considered equitable
anong each ot her

Reconciliation nmay be performed at various |evels
and/ or sections of an installation as well as the overal
installation. A conplete reconciliation incorporates all energy
use for an area or installation including buildings, ships,
processes, street lights, |osses, and other nonbuildi ng uses.
Most Navy installations have sone sort of reconciliation process.
If the process currently in place provides accurate, repeatable,
and equitable results, there may be no need to revise or repl ace
it. However, if an installation's process is either nonexistent
or nonfunctional, then part or all of the process presented here
shoul d be consi dered.

NOTE

Thi s process can be done manually or with any spreadsheet or
dat abase software. Using a spreadsheet or database is strongly
reconmended and will provide faster and easier cal cul ation.

3.2 Reconciliation Process. The process described here

i nvol ves inputs of estimted and known energy use. The

cal cul ati on assistance presented in Section 2 can be used to
prepare many of the inputs required. The forns and sanple
reconciliation displayed in Tables 11 through 16 were conpl eted
by foll owi ng these steps:

a) Define a consunption period and group of buildings
and/ or other energy uses (e.g., one-nonth tine period and entire
installation).

b) Collect and enter the total billing (usually
utility nmetered) consunption values for all fuels for that tine
period in Table 1las Billed Totals. It is inportant to verify
that these values relate directly to the group of buildings and
ot her energy uses under consideration as well as to the
appropriate tine period being considered.
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c) ldentify all netered and ot herwi se known energy
consunption quantities for buildings, ships, and other processes.
I ncl ude these quantities in Table 11 for all fuels.

d) In the appropriate conponent spaces, enter
estimated total consunption values for buildings and ships that
are not netered. Refer to Section 2 for cal cul ation assistance.

e) Evaluate all m scell aneous energy use conponents
such as distribution | osses, street |ights, and ot her nonbuil di ng
| oads. For each energy use, identify an estinmated consunption
val ue by the best available nethod (refer to Section 2). Include
these values in Table 11.

f) Sumthe energy conponent estimtes and known
consunption for each fuel to derive the Estinmated Total. Conpare
these to the Billed Total consunption values entered in Step (b).
If any of the summed totals do not match, an adjustnment or
correction is required.

If the difference is within 20 percent, it can be
consi dered reasonably accurate, given the many vari abl es
affecting energy use. Mjor calcul ations and assunptions shoul d
be rechecked for potential errors if the difference exceeds 20
percent. If errors are found or revisions to assunptions are
appropriate, the reconciliation should be recal culated with new
values. Any remaining difference may be attributable to weather
and operational factors that vary frominstallation to
installation and are not always accurately represented by the
estimation process.

g) The final reconciliation step elimnates any
remai ni ng difference between the actual total consunption and the
summed estimates and netered values. This difference is
apportioned to energy use conponents by a percentage Adj ustnent
Factor calculated in Table 11. The Adjustnent Factor is
determ ned by dividing the Difference (Billed - Estinmated) by the
sum of sel ected Energy Use Conponents to which the difference is
to be apportioned (see equation in Table 11). For exanple, if
the difference is to be apportioned anong all estinmted
(nonnetered) buil dings and ships, then the factor is the
di fference divided by the sumof all Estimted Buil di ng Energy
and Estimated Ship Energy.

h) The Adjustnent Factor value calculated in Table 11
is then multiplied by each of the selected Energy Use Conponents
to derive new estimates. These new values are reinserted in the
process (Table 11) and retotaled. At this point, the totals
shoul d cl osely match, and all val ues should be checked to ensure
they are conpl ete and reasonabl e.
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The energy conponents that are adjusted by Steps (Q)
and (h) should be those with the | owest |evel of confidence and,

therefore, the greatest possible variance fromactual use. In
nost cases, these will be the estimates for buildings and ship
use.

i) The final step is the adjustnent of the individual
buil ding estimates within each energy use conponent used to
derive the adjustnent factor. Tables 13 through 16 show a sanple
adj ustment for buildings and ships. |In each case, the adjustnent
factor is applied to each of the individual building groups or
ship classes/nanmes to proportionally distribute the difference
calculated in Table 11. The new total values in Tables 13
t hrough 16 should match the adjusted conponent values in Table
12.
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Table 11
Total Energy Reconciliation
Energy Use Conponent Electricity, | Natural Fuel (b)
kWh Gas, al,
kBt u kBt u

Met er ed Bui | di ng Ener gy 40,125 73,120
Esti mat ed Buil di ng Energy 431, 463 | 101, 679
Met ered Ship Energy 0 0
Esti mat ed Ship Energy 513, 900 963
Elec. Trans. & Dist. 4, 005 0
Losses
Central Plant Efficiency & 5, 000 1, 000
Di st. Losses
Street and Exterior Lights 8, 316 0
Process Energy 0 0
Wat er and Sewer Ener gy 25, 000 0
Ext eri or Conmuni cati ons 12, 000 0
Energy Transfers to Of- 0 0
Site
M sc. Oher Energy Use 0 0
(not assoc. with above)
ESTI MATED TOTAL: 1,039, 809| 176, 762
Bl LLED TOTAL: 1, 254, 650| 163, 000
Difference (Billed - 214,841 - 13,762
Esti mat ed):
Adj ust nent Factor (a): 1.227 0. 866
(a) "Adjustnent Factor” = [1+(Difference (billed -
Esti mat ed)/ sum of sel ected Energy Use Conponents)]. The

sel ect ed Energy Use Conmponents are those energy use areas to
which the reconciliation difference is to be allocated. In
this exanpl e, selected conponents are estimated buil di ng energy
and estimted ship energy.

(b) Data for other fuel types are entered into additional
col ums.
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Table 12
Adj usted Total Energy Reconciliation
Energy Use Conponent Electricity, Nat ur al Fuel (b)
kWh Gas, al,
kBt u kBt u

Met er ed Bui | di ng Ener gy 40, 125 73, 120
Esti mat ed Bui |l di ng 529, 405 88, 054
Ener gy
Met ered Ship Energy 0 0
Estimat ed Ship Energy 630, 555 834
Elec. Trans. & Dist. 4, 005 0
Losses
Central Plant Efficiency 5, 000 1, 000
& Dist. Losses
Street and Exterior 8,316 0
Li ghts
Process Energy 0 0
Wat er and Sewer Ener gy 25, 000 0
Ext eri or Communi cati ons 12, 000 0
Energy Transfers to Of- 0 0
Site
M sc. Oher Energy Use 0 0
(not assoc. with above)
ESTI MATED TOTAL.: 1, 254, 406 163, 008
Bl LLED TOTAL: 1, 254, 650 163, 000
Difference (Billed - 244 -8
Esti mat ed):
Adj ust nent Fact or: 1. 000 1. 000
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Tabl e 13

Building Electricity Use Adjustnent

Bl dg. G oup Total |*| Adj. |*| Total Electricity,
Type El ectric Fact or Area, kWh/ nmont h
EUI ft2
ADM N |E-Y-E 1. 636 1.227 250, 000 501, 843
FH E- Y- EHP 0. 968 1.227 2,700 3, 207
SHOP F-N-F 0. 397 1.227 50, 000 24, 356
TOTAL 529, 406
Table 14
Bui | di ng Nonel ectric Use Adjust nent
Bl dg. Group Tot al * | Adj. * | Area, = Nonel ec.

Type Non- Fact or ft2 Tot al
El ec. kBt u/ mont h
EUI (c)
ADM N |E-Y-F 0. 127 0. 866 250, 000 27, 496
FH E- Y- EHP 0 0. 866 2,700 0
BRK F-Y-F 2. 797 0. 866 25, 000 60, 555
TOTAL 88, 051
Tabl e 15
Ship Electric Use Adjustnent
Shi p Connect * Adj. * Desi gn = Shi p
C ass/ Hour s Fact or El ec. Load, Electricity,
Nane kw kWh
CG 16 30 1.227 1, 080 39, 755
DD- 931 10 1.227 1, 150 14, 111
CVN- 68 40 1.227 5, 990+5, 760 576, 690
TOTAL 630, 556
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Tabl e 16
Shi p Nonel ectric Use Adjustnent
Shi p Adj . * Shi p * Connect |=| Ship Steam
d ass/ Fact or St eam Hour s Consunpti on,
Nanme Load (same as kBt u
El ec.)
CG 16 0. 866 4.4 30 114
DD- 931 0. 866 2.7 10 23
CVN- 68 0. 866 20.1 40 696
TOTAL 834
3.3 Suppl enental Reconciliation Process. In nmany cases,

nonbui | di ng | oads such as street |ights or water and sewer energy
are distributed anong tenant organi zations. Mny installations
have nmet hods for assigning this energy use. |If a nmethod is

i neffective or nonexistent, a supplenental reconciliation can be
conpleted. This reconciliationis simlar to the process

descri bed above but allocates the nonbuilding |oads to the
appropriate energy use conponents. The energy conponents may

i ncl ude netered and nonnetered buil di ngs and/ or shi ps.

This reconciliation is conpleted using the follow ng
st eps:

a) Start with the initial final reconciliation
conpl eted above in Table 11 and renove fromthe table any
nonbui | ding | oads that are to be apportioned to other tenants.

b) Recalculate the reconciliation. The difference
shoul d be equal to the sum of the val ues renoved.

c) Create a new adjustnent factor by dividing the
di fference by the sumof the energy use conponents to which the
difference is to be apportioned.

d) Apply the new adjustnent factor to the individual
buil ding estimates within the energy use conponents used to
derive the adjustnment factor (simlar to Steps (h) and (i)
above). This allocates the energy difference proportionally to
each of the estimated values. The result of this process is
bui | di ng or ship consunption values that include a proportional
anount of shared nonbuil ding energy use. As a check of the
process, the revised estimtes should be re-inserted in the
original reconciliation to ensure that the totals now match.
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Section 4: WATER CONSUVPTI ON ESTI MATI ON AND RECONCI LI ATI ON

4.1 Data Collection. Potable water billing is based on
unit cost and anmount of water consumed. This includes
interutility transfers, distribution | osses, and general uses for
common benefit operations. Regardless of whether water is
purchased and/or produced at an activity, there is a cost
associated with bringing it to consuners that nust be consi dered
when estimating billing. Billing estimtes my be established
for nonth, quarter, or annual periods to coincide w th budgeting
cycles. Shorter termestinmates are soneti mes needed for
activities that have fluctuating requirenments dictated by their
tenpo of operations. Since potable water costs fluctuate based
on popul ation, climatic conditions, and type of operation,
estimates shoul d be prepared as often as necessary to account for
t hese vari abl es.

a) Factors that affect water usage are |isted bel ow
and shoul d be considered in allocating billing:

(1) Peak demand
(2) Activity mssion
(3) dimtic effects

b) If an activity is small or able to provide water at
a low cost, billing estinmtes can be prepared for |onger periods.
At | ow usage levels, billing estimates are likely to showlittle
fluctuation. Unpredicted operations and those that create a
noncyclic inpact on the tenpo of operations often result in |large
wat er consunption fluctuations over short periods; therefore,

billing estimates shoul d be prepared nore frequently. If a large
installation uses nore than 50 percent of a high cost water
supply to support personnel, detailed billing estimtes should be

calculated to coincide with fluctuations in work shifts and
nunber of people served. Simlarly, when water is in short
supply, billing estimates should take into account surcharges and
consunption restrictions. In nost cases, where unnetered water
is furnished to tenants, evaluation of consunption is
recommended. Evaluation of consunption is especially valuable if
a function of a tenant changes or the nunber of people enpl oyed
has substantially vari ed.

c) To develop billing estimates, water uses are
grouped under four primary classifications:

(1) Donestic

(2) Conmercial/industrial
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(3) Ships (cold-iron support)
(4) Maintenance and | osses

4.1.1 Donestic Use. Donestic water usage consists of the
average daily water consunption expressed in gallons per person
per day and includes water for drinking, baths, showers, toilets,
and lawn irrigation. Per capita requirenments for the follow ng
categories, listed in Table 17, should be used unl ess actual
measurenents or specific conditions dictate sone other val ue.

a) Unacconpani ed Personnel Housing: The average
nunber of mlitary and civilian personnel residing at the
activity.

b) Famly Housing: The average nunber of mlitary and
civilian personnel with dependents residing at the activity.

c) Wrkers: The average nunber of mlitary and
civilian personnel present for one shift (8 hours) per day.

d) Hospital Bed Popul ation: The average nunber of bed
patients residing in a hospital.

e) Transient Popul ation: The average nunber of
mlitary and civilian personnel who register as visitors at the
activity each day.

Table 17
Aver age Donestic Potable Water Requirenents
Gal  ons Per Capita Per Day

Use Category Desert Tenper ate Subt r opi cal Tr opi ca
Sumrer W nt er Sumrer W nt er Sumrer W nt er Al
Seasons

Unacconpani ed 175 125 150 125 150 125 150
Per sonnel

Housi ng

Fam | y Housi ng 300 250 200 150 200 150 200
Wor kers ( per 100 50 75 50 75 50 75
shift)*

Hospi tal Bed 150 125 150 100 150 100 150
Popul ati on
Transi ent 30 25 25 25 30 25 30
Popul ati on

*One shift equals 8 hours.
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4.1.2 Commercial/lndustrial Use. These uses include, but are
not limted to, cooling, processing, flushing, sw mm ng pools,
shops, laundries, dining facilities, air conditioning, and boiler
makeup. Water requirenents listed in Table 18 should be used

unl ess actual neasurenents justify a revision. The followng is
a description of the various commercial and industrial uses:

a) Air Conditioning Usage: The average water usage is
expressed in gallons per mnute per ton for air conditioning
units. Non-tower type air conditioning and refrigeration should
be spot neasured to estinmate usage |evels.

b) Machinery Cooling Usage: Water usage for nachine
cooling is expressed in gallons per mnute of operation per brake
hor sepower and depends on the type of machi nery. The usage for
recirculating type air conpressors is 3 gallons per horsepower
hour .

c) Swimm ng Pools: Table gives daily water usage in
gal l ons of nake-up water (due to evaporation and | eaks) to
gal | ons of pool capacity. Maxi mum val ues should be used in
desert type environnents.

d) Vehicle Washing: WAter usage for equi pnent washi ng
is expressed in gallons for each piece of equi pnment washed during
a day. These averages are based on equi pnent size and frequency
of washing. Monthly usage, estimated in gallons, for Governnent
and private cars, trucks, and buses are 50, 100, and 250 gall ons,
respectively. Oher uses, such as automatic car washing
facilities, should be determ ned based on experience and past
consunption. |If private car washing facilities are provided for
privatel y-owned vehicles, determ ne the nunber of private cars
owned by full popul ation and adjust usage as necessary.

e) Irrigation and Lawn Sprinkling: The average
nont hly water usage is based on tenperature, sunlight, rainfall
and soil type. Maxi mum val ues shoul d be used in desert type
environments. Units in Table 18 are gallons per acre day (gpad).

f) Oher: Estimates for laundries (units are gallons

of water per pound of clothes cleaned) and restaurants (units are
in gallons per neal served) are given in Table 18.
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Tabl e 18
Commerci al and I ndustrial Potable Water Requirenents
Gal |l ons Per Capita Per Day

Use Uni t M ni num Aver age Maxi mum
Requi r enent Requi r enent Requi r enent
Alr
condi ti oni ng:
recircul ating gpm ton - 0.05 0.10
non-
circul ating gpni ton - 2.50 4. 00
Cool i ng -
di esel
engi nes:
recircul ating gpm bhp - 0.01 0.02
non-
circul ating gpm bhp 0. 25 0. 33 0. 40
Cool i ng -
st eam power gpm bhp 1.30 0. 80 1.70
pl ants,
recircul ati ng
Swi mmi ng
pool s:
I ndoor gal / gal 0. 006 0. 04 0.10
CQut door gal / gal 0. 04 0.15 0. 25
Vehicl e
Washi ng:
Cars gal per - 50 -
Trucks vehicl e - 100 -
Buses washed - 250 -
Irrigation:
Small lots gpd/ 100 16 24 32
Large areas sq. ft. 7,000 11, 000 14, 000
gpad
Laundri es gal/lb 3 4.5 6
Rest aurant s gal / meal 0.5 2.0 4.0

4.1.3

Shi ps (Col d-1ron Support).

aboard ship varies according to climate,
on board, and the class of ship.

Pot abl e wat er consunpti on

t he nunber of personnel

Ship’s characteristics database

(SHI PS) at http://www.efdlant.navfac.navy.mil/LANTOPS 15/home.ntm and CCB cont ai ns

wat er consunption data for each class ship.
is not listed in this table,

If a particular ship

then a simlar ship (size, form

function) should be used as the best avail able data. Estinmated
wat er consunption is calculated by nultiplying the nunber of days
the ship received shore water by the ships potable water
requirenent listed in the ship’s characteristics database (SH PS)
at http://ww. efdl ant. navfac. navy. m | / LANTOPS_15/ hone. ht m
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4.1. 4 Mai nt enance and Losses. The follow ng factors
significantly contribute to water consunption and are |isted for
i nformational purposes only. Due to the nunber of variables

i nvol ved, an accurate estimation of water consunption due to

| osses cannot be made. Therefore, if netered val ues are not
avai |l abl e, consunption due to these factors should be reconciled
with the final billing statenent (maintenance and distribution

| osses generally apply to all tenants at an activity). This
process will be described in the next section.

a) Boiler Feedwater Usage: Boiler feedwater reflects
the average daily water usage by each industrial boiler for
makeup and ot her uses. Wen condensate return systens have been
abandoned, the boiler is a “once through” systemthat requires
nore water to operate.

b) Street Ceaning: Street cleaning consists of the
average nonthly water usage for cleaning paved streets and
parking lots. The average water usage for street cleaning is
one-hal f gallon per square yard, although quantity of water w |l
fluctuate based on punp pressure and size of nozzle. Street
cleaning is commonly elimnated in areas where water is expensive
or drought conditions exist.

c) Fire Hydrant Flushing: The average water discharge
is generated fromtesting hydrant pressure and from cl earing
distribution lines of stagnant water. Fire hydrant flushing
usage i s expressed as an average of 1,200 gallons per mnute
(gpm although it can range from 800 to 1,600 gpm dependi ng on
system pressure.

d) Firefighting and Training: Usage varies by
i ncidents and training schedul es.

e) System Losses: System|osses are dependent on
system age, maintenance practices, systemdesign, and weather
conditions. Unusual weather conditions nay cause excessive
| osses.

4.2 Water Consunption Data Reconciliation. Reconciliation
of all estimated and netered water consunption data with the
total actual consunption is simlar to the process perfornmed for
energy in Section 3.

NOTE

This process can be done nmanually or with any
spreadsheet or database software. Using a spreadsheet
or database is strongly recommended and wi Il provide
faster and easier cal cul ation.
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The process described here involves inputs of estimted
and known water use. The cal cul ation assi stance presented
earlier in this section can be used to prepare many of the inputs
required. The forns and sanple reconciliation displayed in
Tabl es 19 through 23 were conpleted by foll ow ng these steps:

a) Define a consunption period and group of buil dings
and/ or other water uses (e.g., one-nonth tinme period and entire
installation).

b) Collect and enter the total billing (usually
utility nmetered) water consunption values for that tine period in
Table 19 as Billed Total. It is inportant to verify that these
values relate directly to the group of buildings and ot her water
uses under consideration as well as to the appropriate tine
peri od bei ng consi der ed.

c) ldentify all netered and ot herw se known wat er
consunption quantities for buildings, ships, and other processes
and enter in Table 19.

d) In the appropriate conponent spaces, enter
estimated total consunption values for buildings, ships,
mai nt enance, and | osses that are not netered.

e) Sumthe water conponent estinmates and known
consunption values to derive the Estimated Total. Conpare these
to the Billed Total consunption value entered in Step (b). If
either of the summed totals do not match, an adjustnent or
correction is required.

Differences may be attributable to weather and
operational factors that vary frominstallation to installation
and are not always accurately represented by the estimation
process. One large source of variance at many activities is
wat er | oss due to undetected | eaks.

f) The final reconciliation step elim nates any
remai ni ng difference between the actual total consunption and the
sunmed estimates and nmetered values. This difference is
apportioned to water use conponents by a percentage Adjustnent
Factor calculated in Table 19. The Adjustnent Factor is
determ ned by dividing the Difference (Billed - Estimated) by the
sum of sel ected Water Use Conponents to which the difference is
to be apportioned (see equation in Table 19). For the exanple
provided in Table 19, if the difference is to be apportioned
anong estimated (nonnetered) housing, ships, maintenance and
| osses, then the factor is one plus the difference (16.3) divided
by the sumof all Estinmated Donestic Water (6), Estimated Ship
Water (1.7), and Maintenance Use and Losses (8.0) which is equal
to 2.04.
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g) The Adjustnent Factor value calculated in Table 19
is then multiplied by each of the sel ected Water Use Conponents
to derive new estimates. These new values are reinserted in the
process (Table 20) and retotaled. At this point, the totals
should match, and all val ues should be checked to ensure they are
conpl ete and reasonabl e.

The water conponents that are adjusted by Steps (f) and
(g) should be those with the | owest |evel of confidence and,
therefore, the greatest possible variance fromactual use. In
nost cases, these will be the estimates for ships and | osses.

h) The final step is the adjustnent of the individual
bui l di ng and ship estimates within each water use conponent used
to derive the adjustnent factor. Tables 21 and 22 show a sanple
adj ustment for buildings and ships. |In each case, the adjustnent
factor is applied to each of the individual building groups or
ship classes/ nanmes to proportionally distribute the difference
calculated in Table 19. The new total values in Tables 21, 22,
and 23 should match the adjusted conponent values in Table 21.
Costs due to mai ntenance and | osses are normally distributed
anong all tenant activities based on individual tenant water use.
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Table 19
Total Water Reconciliation
Wat er Use Conponent MI1lion
Gl s/ Mont h
Met er ed Donestic Water 3.15
Esti mat ed Domestic Water 6
Met ered Conmerci al /I ndustri al 3.45
WAt er 2. 25
Estimat ed Conmerci al /I ndustri al 3. 15
Wat er 1.7
Met ered Ship Water
Estimated Ship Water
Mai nt enance Use and Losses 8
ESTI MATED TOTAL: 27.7
Bl LLED TOTAL: 44
Difference (Billed - Estinmated): 16. 3
Adj ust nent Factor (a): 2.04

(a) "Adjustnent Factor" =

[1+(D fference (billed -

Esti mat ed)/ sum of sel ected Water
Use Conponents)]. The selected
Wat er Use Conponents are those
wat er use areas to which the
reconciliation difference is to be
allocated. 1In this exanple,

sel ect ed conponents are estimated
donestic water, estimated ship
wat er, mai ntenance and | osses.
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Tabl e 20
Adj usted Total Water Reconciliation
Wat er Use Conponent MIl1lion
Gal s/ Mont h
Met ered Donestic Water 3.15
Esti mat ed Donestic Water 12. 24
Met ered Commerci al /1 ndustri al 3.45
Vit er 2.25
Esti mat ed 3.15
Commerci al /I ndustri al Water 3.47
Met ered Ship Water '
Esti mated Ship Water
Mai nt enance Use and Losses 16. 32
ESTI MATED TOTAL: 44
Bl LLED TOTAL: 44
Difference (Billed - 0
Esti mat ed) :
Adj ust nent Factor: 1.0
Tabl e 21
Donesti c Water Use Adj ust nent
Bl dg. Oiginal |* Adj . New Esti mat e
Type Estinate Fact or MGAL/ Mont h
( MGAL)
Enl i sted 3 2.04 6.12
Housi ng
Oficer 2 2.04 4. 08
Housi ng
BEQ 0.6 2.04 1.22
BOQ 0.4 2.04 0.82
TOTAL 12. 24
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Tabl e 22
Ship Water Use Adj ust nent
Ship Type [Oiginal | * Adj . New Esti mate
Estimate Fact or MGAL/ Mont h
( MGAL)
LPD- 7 1.5 2.04 3.06
DD- 931 0.2 2.04 0.41
TOTAL 3. 47
Tabl e 23
Mai nt enance and Loss Water Adj ustnent
Bl dg. Oiginal | * Adj . New Esti mate
Type Esti mate Fact or MGAL/ Mont h
( MGAL)

Boi | er 2 2.04 4.08
Feedwat er

Fire 0.5 2. 04 1.02
Hydr ant

FI ushi ng

Leaks 5.5 2. 04 11. 22
TOTAL 16. 32
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APPENDI X A
BUI LDI NG CATEGORY CCDES AND BUI LDI NG TYPES

Thi s appendi x contains the information used to assign
bui l ding types based on the Navy five-digit building category
code. A category code is assigned to each building listed in
NAVFAC P-78 based on the building's function. Because many
category codes describe the general function and operation of
simlar buildings, the category codes were grouped together and
assigned to building types. These building types are used
t hroughout this handbook to identify differences in operations,
occupancy, or connected load. Table A-1 lists the building types
and gives brief descriptions/exanples of the kinds of buildings
in the type. Table A-2 lists the category codes defined in FACSO
RPT 11016/ RB042R01, Facility Category Codes, and assigned to each
bui | di ng type.

Table A-1
Bui | di ng Type Descri ptions

Type Description

ADM N Adm ni stration and office buil di ngs

BRK Bachel or enlisted and officer quarters

CHAPEL Chur ches and chapel s

CLINI C Medi cal and dental clinics; no overnight stays

CcLUB Enlisted and officer clubs

DGR Exchange facilities other than the conm ssary

DI NI NG Enlisted and officer dining halls, restaurants

ELEC El ectroni cs shops, communi cations, ADP, sinulators, R&D
el ectroni cs | abs

FH Fam |y housing (all types)

GRO Comm ssaries or other grocery stores

HANGAR Aircraft hangars

HOSP Hospi tal ; nedical care including overni ght stays

HOTEL Tenporary quarters, guest houses

LAB Medi cal, R&D (other than electronics), chem stry,
environnmental , etc.

LAUNDRY Institutional/conmrercial |aundries and dry cl eaning
pl ant's

MAR Moral e, welfare, and recreation facilities

OTHER Fuel di spensing buildings, detached restroons, huts,
kennel s, typically unheated

PLANT Heating and/or cooling plant buildings

PROCESS Industrial buildings, production facilities, punp
houses
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APPENDI X A (Conti nued)

Tabl e A-1 (Conti nued)
Bui | di ng Type Descri ptions

Description

Physi cal recreation, gyns, bowing alleys, indoor
pool s

Security, fire, police, and guard stations, brigs
Unheat ed and typically unoccupi ed storage
Dependent school s, training classroons, not

sinmul ators

Typi cal ly occupi ed and heated or cool ed

Table A-2

Five-Digit Category Codes Assigned to Each Building Type

Bl dg Type Category Code

ADM N

BRK

CHAPEL
CLINIC
CLUB
DGR

DI NI NG

ELEC

FH

HANGAR

13740, 14130, 14140, 14141, 14142, 14181, 14315,
14320, 14325, 14328, 14335, 14341, 14365, 14380,
15620, 15964, 17160, 21370, 21825, 21930, 61010,
61070, 61071, 61072, 61073, 62010, 62020, 74017,
74029, 74033, 74037, 74088

14346, 14347, 72111, 72112, 72113, 72114, 72115,
72131, 72140, 72146, 72411, 72412, 72422, 72423,
72511

73083 73084

22835, 54010, 55010, 73081

74060, 74063, 74066, 74069, 74070

12315, 73042, 73085, 74001, 74002, 74003, 74005,
74009, 74018, 74019, 74031, 74034, 74035, 74036,
74071

72145, 72210, 72231, 72241, 72430, 73030, 74004,
74064, 74067

13115, 13117, 13120, 13122, 13124, 13125, 13130,
13140, 13142, 13145, 13150, 13155, 13156, 13160,
13315, 13325, 13335, 13365, 13372, 13375, 13380,
13732, 13733, 14170, 14340, 15920, 17136, 21140,
21142, 21145, 21185, 21186, 21851, 61020, 74027,
71160, 71161, 71162, 71163, 71165, 71178, 71125,
71127, 71128, 71129, 71130, 71131, 71132, 71133,
71170, 71171, 71172, 71173, 71174, 71140, 71141,
71143, 71144, 71155, 71156, 71157, 71158, 71159,
71136, 71137, 71138, 71139, 71150, 71151, 71152,
71154, 71145, 71146, 71147, 71148, 71149, 71175,
71210, 71120, 71121, 71122, 71123, 71124, 71164
74008, 74023, 74083

14188, 21101, 21102, 21103, 21104, 21105, 21106,
21108, 21110, 21111, 21112, 21114, 21192, 21198
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Tabl e A-2 (Conti nued)
Five-Digit Category Codes Assigned to Each Building Type

Bl dg Type Category Code

HOSP 51010, 51015
HOTEL 74020, 74022, 74081
LAB 14160, 14165, 14182, 14187, 14370, 14375, 21193, 21660,

31011, 31013, 31015, 31017, 31019, 31021, 31023, 31025,
31027, 31029, 31031, 31033, 31037, 31110, 31115, 31120,
31125, 31210, 31215, 31220, 31225, 31230, 31310, 31315,
31320, 31325, 31410, 31415, 31510, 31515, 31520, 31525,
31530, 31610, 31710, 31715, 31720, 31725, 31810, 31815,
31910, 31915, 31920, 31925, 31930, 31935, 31940, 32010,
32015, 32020, 32110, 53010, 53020, 53030, 53040, 53045,

53050
MAR 14330, 17125, 71432, 74012, 74025, 74039, 74056, 74074,
74075, 74076, 74080, 76010
OTHER 13720, 21368, 21605, 72320, 73036, 73065, 73066,
73070, 73075, 73076, 73080, 74089
REC 74028, 74040, 74042, 74043, 74045, 74046, 74050, 74052,
74053, 74054, 74055, 74079, 74084
SEC 14120, 14125, 73010, 73012, 73015, 73020, 73025, 87220
SHOP 21113, 21115, 21120, 21121, 21122, 21123, 21124, 21125,

21126, 21127, 21130, 21131, 21132, 21133, 21134, 21135,
21136, 21137, 21138, 21139, 21143, 21144, 21150, 21151,
21152, 21153, 21154, 21160, 21161, 21162, 21163, 21165,
21170, 21171, 21172, 21173, 21174, 21175, 21176, 21180,
21181, 21182, 21183, 21184, 21190, 21210, 21220, 21230,
21330, 21341, 21342, 21343, 21344, 21345, 21348, 21349,
21350, 21351, 21352, 21353, 21354, 21355, 21356, 21357,
21358, 21359, 21360, 21361, 21363, 21364, 21365, 21366,
21375, 21410, 21420, 21430, 21451, 21453, 21510, 21520,
21530, 21550, 21560, 21610, 21620, 21630, 21640, 21650,
21655, 21710, 21730, 21810, 21820, 21830, 21835, 21840,
21845, 21850, 21860, 21861, 21862, 21868, 21870, 21871,
21880, 21890, 21891, 21892, 21910, 22681, 22735, 44171,
74016, 74030

STOR 14219, 14310, 14311, 14345, 14355, 14360, 14377, 14378,
14986, 15521, 15610, 17177, 21164, 21195, 21196, 21199,
21277, 21362, 21377, 21440, 21677, 21777, 21865, 21877,
21920, 21925, 21977, 22977, 42112, 42122, 42132, 42135,
42142, 42148, 42152, 42162, 42172, 42410, 44112, 44130,
44135, 44140, 44170, 71410, 71430, 71431, 71477, 72340,
72360, 72377, 73077, 73082, 74077, 74087, 89077

TRNG 17110, 17115, 17117, 17120, 17135, 17140, 17145, 17150,
73045, 73050, 73055, 73060, 73084
VHS 43110, 44110, 44111, 44113, 44114, 44120, 44172, 44173,

51077, 61077, 62077, 72250, 73013, 74024, 74085, 74086
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APPENDI X A (Conti nued)

Table A-3 lists three building types that are not
included in the results presented in this handbook. The LAUNDRY
buil ding type is considered uni que enough that it could not be
conbined with one of the other building types; further,
sufficient data was not available to derive any EU values. The
PLANT bui |l di ng type represents buildings that contain equi pnent
used to heat and/or cool other buildings. It is difficult to
determ ne how nuch of the incom ng energy is used in the building
versus that which is transferred to other buildings. Also, it is
assuned that nost of these buildings (the ones that use
substanti al anounts of energy) are separately netered. The
PROCESS bui | di ng type represents a diverse collection of
bui | dings ranging from punp houses to industrial factories. It
is inmpossible to calculate energy consunption for these types of
bui | di ngs wi thout nore detailed information. |In these cases,
ot her nmet hods of cal cul ati ng appropriate energy use val ues nust
be used.

Table A-3
Bui | di ng Types and Cat egory Codes Not I ncl uded
in the EU Tabl es

Bl dg Type Five-Digit Cateqgory Code

LAUNDRY 51020, 72330, 73040, 74013, 74015

PLANT 12520, 13110, 16130, 21197, 21367, 61030, 81109, 81159,
81209, 81310, 82109, 82209, 82309, 82315, 82610, 82710,
83109, 83114, 83139, 83141, 83229, 83309, 83320, 83340,
84109, 84209, 84350, 84410, 84510, 86041, 89009, 89045

PROCESS 14210, 14321, 21187, 22110, 22120, 22130, 22210, 22220,
22310, 22410, 22420, 22510, 22520, 22530, 22540, 22550,
22560, 22610, 22615, 22620, 22625, 22630, 22635, 22640,
22645, 22650, 22655, 22656, 22660, 22665, 22666, 22670,
22675, 22680, 22685, 22686, 22688, 22710, 22720, 22730,
22810, 22820, 22830, 22940, 22950, 22960, 22980, 73078
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APPENDI X B
BUI LDI NG ENERGY USE | NTENSI TI ES AND SHI P LOADI NG FACTORS
Table B-1
Navy Building EU Values and Wat her Factors
El ectric Nonel ectric
| Cool i ng Heat i ng Heat i ng
Bui lding |Msc. DHW CDIX 65) WBH( 73) |Resi stance |Heat Punp |DHW HDD( 65)
Types (a) |EU (b) |EU Fact or Factor |Factor (c) |Factor (d) |EU Fact or
(kv KV vy pe 2 v fe 2 |pwe/fe2e | pwyge2e (KBRS gy g2,
ft2-mo) |ft2-mo) |COD(65)] | WBH(73)] |HDD(65)] |HDD(65)] [ft“- o) | HDDX(65)]
ADM N 0. 804 0. 246 2.93 0 1.87 0.748 1.117 8.51
BRK 0. 407 0.598 3.00 0 1.06 0.423 2.725 4.81
CHAPEL 0. 365 0. 009 1.46 0 2.80 1.12 0. 039 12.7
CLINIC 0. 980 0.692 4.16 0 2.90 1.16 3. 150 13.2
CLUB 0. 967 0.593 4. 65 0 1.06 0. 426 2.700 4.84
DGR 1.133 0.218 4.84 0 1.12 0. 447 0.992 5.09
DI NI NG 2. 050 0.593 1.99 0 1.06 0.426 2.700 4.84
ELEC 3. 000 0.193 0. 449 0 3.18 1.27 0. 875 14.5
FH 0. 487 0. 318 0. 539 1.74 1.94 0.777 1. 450 8. 83
GRO 2.742 0.239 6. 31 0 1.13 0.451 1.092 5.13
HANGAR 0. 808 0.134 3.10 0 1.94 0.777 0. 609 8. 83
HOSP 1. 425 0.692 11.9 0 2.90 1.16 3. 150 13.2
HOTEL 0. 842 0. 604 4.20 0 1.02 0. 409 2.750 4. 65
LAB 1. 383 0. 311 2.14 0 2.51 1.00 1.417 11. 4
MAR 0. 858 0.231 2.92 0 3. 67 1.47 1. 050 16.7
OTHER 0. 638 0. 458 3.54 0 3.03 1.21 2. 083 13.8
REC 0. 908 0.293 1.70 0 2.51 1.01 1.333 11. 4
SEC 1.117 0. 267 2.44 0 2.66 1.06 1.217 12.1
SHOP 0. 397 0.134 1.59 0 1.94 0.777 0. 609 8. 83
STOR 0.118 0. 064 1.52 0 1.84 0.737 0. 290 8. 38
TRNG 0. 236 0.119 1.48 0 1.65 0. 658 0.543 7.48
VWHS 0. 358 0. 064 1.60 0 1.84 0.737 0. 290 8. 38
For SI unit use (mMft, °C°F, joule/Btu), multiply the values above by the appropriate
conversion factor bel ow
M sc. DHW CDIX( 18) WBHe 23C |Resi st ance | Heat Punp DHW HDD( 18)
EU (b) EUI Fact or Factor |[Factor (c) [Factor (d) EUI Fact or
Stounit o 1 (kW (KW ey e | [wind- | [ W/ nf- [w/ nf- | (Kioule oo, e/nf
nf-mo) | nf-mo) | COD(18)] | WBH(23)] | HDD(18)] | HDD(18)] / -
nf- o) | HDD(18)]
Factor -« 10. 76 10. 76 19. 38 10. 76 19. 38 19. 38| 11, 356 20, 441
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Tabl e B-1 (Conti nued)
Navy Buil ding EU Val ues and Wat her Factors

Not es:

-Data in this table is derived from anal ysis docunented in Devel opnent
of an Energy-Use Estinmation Methodol ogy for the Revised Navy Manual

MO 303, E. E Richman, J. M Keller, A G Wod, and A L. Dittmer.
1994PNL- 10259, Pacific Northwest Laboratory, Richland, Wshi ngton.

(a) See Table A-1 for full names and descriptions of building types
represented by the table data.

(b) Msc. electric EU refers to lights, plug |oads, and all other

el ectric equi pnent not associated with heating, cooling, or DHW

(c) Resistance refers to electric resistance heating: e.g.,

baseboard, forced air, radiant, reheat (if there is no main nonelectric
heating coil).

(d) Heat punp refers to the heating energy froma heat punp only.
Cooling froma heat punp is assuned to be the sanme as any other cooling
equi pnent .
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OUTDOOR LI GHTS

Table C1
Qut door Lighting Lanp and Bal | ast Wattage
Lanmp + Lamp +
Lamp Type Bal | ast Bal | ast
Watt age (a) Lanp Type Watt age (a)
H gh Pressure Sodi um Low Pressure Sodi um (LPS):
(HPS):
HPS 35 W 43 LPS 18 W 30
HPS 50 W 64 LPS 35 W 65
HPS 70 W 94 LPS 55 W 82
HPS 100 W 130 LPS 90 W 135
HPS 150 W 185 LPS 135 W 173
HPS 200 W 240 LPS 180 W 225
HPS 215 W 270
HPS 220 W 272 Metal Halide (M):
HPS 250 W 300 MH 32 W 42
HPS 310 W 365 MH 50 W 67
HPS 360 W 415 MH 70 W 95
HPS 400 W 465 MH 100 W 130
HPS 880 W 968 MH 150 W 188
HPS 940 W 1,034 MH 175 W 210
HPS 1000 W 1,100 MH 250 W 294
MH 400 W 460
I ncandescent: (b) MH 750 W 830
Series VH 1000 W 1, 080
6.6 Anp: MH 1500 W 1,610
11.2 Volt 75
24 Vol t 160 Mer cury Vapor (MERC):
34 Vol t 225 MERC 50 W 72
50 Vol t 330 MERC 75 W 100
20 Amp: MERC 100 W 125
16.2 Vol t 325 MERC 175 W 205
26.3 Volt 530 MERC 250 W 294
Miul tiple MERC 400 W 454
INC 58 W 58 MERC 700 W 789
INC 92 W 92 MERC 1000 W 1,075
INC 103 W 103
INC 189 W 189
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Table C-1 (Continued)
Qut door Lighting Lanp and Bal | ast Wattage

I NC 202 W 202
I NC 205 W 205
I NC 295 W 295
I NC 340 W 340
I NC 405 W 405

(a) Data in this table is taken from Lighting Technol ogy
Screening Matrix (LTSM, J. A Dirks, EE EE Richman, R W
Schultz, and S. A Shankle. 1992. Software Devel oped by
Paci fic Northwest Laboratory, Richland, Washington.
Copyright 1992-1993 Battelle Menorial Institute.

(b) For other incandescent |anps, including quartz hal ogen,
use the rated | anmp wattage.
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TRANSM SS| ON LOSSES
Table D1
I ndi vi dual Transfornmer Losses by Size
Vol t age Loss (W
No. of Capacity
Phases (kVA)
Primary Secondary No- Load Load
1 2400/ 4160Y| 120/ 240/ 277/ 480 5 34 103
1 2400/ 4160Y| 120/ 240/ 277/ 480 10 68 136
1 2400/ 4160Y| 120/ 240/ 277/ 480 15 84 198
1 2400/ 4160Y| 120/ 240/ 277/ 480 25 118 304
1 2400/ 4160Y| 120/ 240/ 277/ 480 37.5 166 404
1 2400/ 4160Y| 120/ 240/ 277/ 480 50 185 535
1 2400/ 4160Y| 120/ 240/ 277/ 480 75 285 700
1 2400/ 4160Y| 120/ 240/ 277/ 480 100 355 920
1 2400/ 4160Y| 120/ 240/277/ 480 167 500 1600
1 2400/ 4160Y| 120/ 240/ 277/ 480 250 610 2780
1 2400/ 4160Y| 120/ 240/ 277/ 480 333 840 3360
1 2400/ 4160Y| 120/ 240/ 277/ 480 500 1140 4600
1 7200/ 12, 470Y| 120/ 240/ 277/ 480 5 41 103
1 7200/ 12, 470Y| 120/ 240/ 277/ 480 10 68 136
1 7200/ 12, 470Y| 120/ 240/ 277/ 480 15 84 198
1 7200/ 12, 470Y| 120/ 240/ 277/ 480 25 118 304
1 7200/ 12, 470Y| 120/ 240/ 277/ 480 37.5 166 404
1 7200/ 12, 470Y| 120/ 240/ 277/ 480 50 185 535
1 7200/ 12, 470Y| 120/ 240/ 277/ 480 75 285 700
1 7200/ 12, 470Y| 120/ 240/ 277/ 480 100 355 920
1 7200/ 12, 470Y| 120/ 240/ 277/ 480 167 500 1600
1 7200/ 12, 470Y| 120/ 240/ 277/ 480 250 610 2880
1 7200/ 12, 470Y| 120/ 240/ 277/ 480 333 840 3415
1 7200/ 12, 470Y| 120/ 240/ 277/ 480 500 1140 4500
1 13, 200/ 22, 860GndY| 120/ 240/ 277/ 480 5 42 112
1 13, 200/ 22, 860GndY| 120/ 240/ 277/ 480 10 73 142
1 13, 200/ 22, 860GndY| 120/ 240/ 277/ 480 15 84 221
1 13, 200/ 22, 860GndY| 120/ 240/ 277/ 480 25 118 319

Al though this table has value related to | osses for ol der
existing transforners, it is not accurate for transforners
that the Navy has been procuring through NAVFAC gui de
specifications such as NFGS-16272. The no | oad | osses derived
fromthe NFGS are |ower than those in this table. The |oad

| osses for larger transfornmers derived fromthe NFGS are | ower
than those in this table.
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Table D-1 (Conti nued)

| ndi vi dual Transf or ner

Losses by Size

1 13, 200/ 22, 860GndY | 120/ 240/ 277/480| 37.5 166 419
1 13, 200/ 22, 860GndY | 120/ 240/ 277/ 480 50 185 550
1 13, 200/ 22, 860GndY | 120/ 240/ 277/ 480 75 285 765
1 13, 200/ 22, 860GndY | 120/ 240/ 277/ 480 100 355 945
1 13, 200/ 22, 860GndY | 120/ 240/ 277/ 480 167 500 1660
1 13, 200/ 22, 860GndY | 120/ 240/ 277/ 480 250 610 2880
1 13, 200/ 22, 860GndY | 120/ 240/ 277/ 480 333 840 3460
1 13, 200/ 22, 860GndY | 120/ 240/ 277/ 480 500| 1140 4500
1 13, 800/ 23, 900GndY | 120/ 240/ 277/ 480 5 42 112
1 13, 800/ 23, 900GndY | 120/ 240/ 277/ 480 10 73 142
1 13, 800/ 23, 900GndY | 120/ 240/ 277/ 480 15 84 221
1 13, 800/ 23, 900GndY | 120/ 240/ 277/ 480 25 118 319
1 13, 800/ 23, 900GndY | 120/ 240/ 277/480| 37.5 166 419
1 13, 800/ 23, 900GndY | 120/ 240/ 277/ 480 50 185 550
1 13, 800/ 23, 900GndY | 120/ 240/ 277/ 480 75 285 765
1 13, 800/ 23, 900GndY | 120/ 240/ 277/ 480 100 355 945
1 13, 800/ 23, 900GndY | 120/ 240/ 277/ 480 167 500 1660
1 13, 800/ 23, 900GndY | 120/ 240/ 277/ 480 250 610 2880
1 13, 800/ 23, 900GndY | 120/ 240/ 277/ 480 333 840 3460
1 13, 800/ 23, 900GndY | 120/ 240/ 277/ 480 500| 1140 4500
1 14, 400/ 24, 940GndY | 120/ 240/ 277/ 480 5 42 112
1 14, 400/ 24, 940GndY | 120/ 240/ 277/ 480 10 73 142
1 14, 400/ 24, 940GndY | 120/ 240/ 277/ 480 15 84 221
1 14, 400/ 24, 940GndY | 120/ 240/ 277/ 480 25 118 319
1 14, 400/ 24, 940GndY | 120/ 240/ 277/480| 37.5 166 419
1 14, 400/ 24, 940GndY | 120/ 240/ 277/ 480 50 185 550
1 14, 400/ 24, 940GndY | 120/ 240/ 277/ 480 75 285 765
1 14, 400/ 24, 940GndY | 120/ 240/ 277/ 480 100 355 945
1 14, 400/ 24, 940GndY | 120/ 240/ 277/ 480 167 500 1660
1 14, 400/ 24, 940GndY | 120/ 240/ 277/ 480 250 610 2880
1 14, 400/ 24, 940GndY | 120/ 240/ 277/ 480 333 840 3460
1 14, 400/ 24, 940GndY | 120/ 240/ 277/ 480 500| 1140 4500
3 4160GndY/ 2400X12, 470GndY/ 7200 208Y/ 120 10 88 247
3 4160GndY/ 2400X12, 470GndY/ 7200 208Y/ 120 15 106 280

Al t hough this table has value related to | osses for ol der
existing transfornmers, it is not accurate for transforners

that the Navy has been procuring through NAVFAC gui de

specifications such as NFGS-16272.

The no | oad

fromthe NFGS are |ower than those in this table.
| osses for larger transformers derived fromthe NFGS are | ower

than those in this table.
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Table D-1 (Conti nued)
I ndi vi dual Transforner Losses by Size

3 4160GndY/ 2400X12, 470GndY/ 7200 208Y/ 120 25 149 430
3 4160GndY/ 2400X12, 470GndY/ 7200 208Y/ 120 37.5 198 585
3 4160GndY/ 2400X12, 470GndY/ 7200 208Y/ 120 45 223 683
3 4160GndY/ 2400X12, 470GndY/ 7200 208Y/ 120 150 560 1690
3 4160GndY/ 2400X12, 470GndY/ 7200 208Y/ 120 225 880 2420
3 4160GndY/ 2400X12, 470GndY/ 7200 208Y/ 120 300 1050 3250
3 4160GndY/ 2400X12, 470GndY/ 7200 208Y/ 120 500 1600 5200
3 4160GndY/ 2400X12, 470GndY/ 7200 208Y/ 120 750 1800 8400
3 4160GndY/ 2400X12, 470GndY/ 7200 208Y/ 120 1000 2100 10400
3 4160GndY/ 2400X12, 470GndY/ 7200 208Y/ 120 1500 2900 16500
3 4160GndY/ 2400X12, 470GndY/ 7200 480Y/ 277 75 360 990
3 4160GndY/ 2400X12, 470GndY/ 7200 480Y/ 277 112 530 1270
3 4160GndY/ 2400X12, 470GndY/ 7200 480Y/ 277 150 560 1690
3 4160GndY/ 2400X12, 470GndY/ 7200 480Y/ 277 225 800 2500
3 4160GndY/ 2400X12, 470GndY/ 7200 480Y/ 277 300 1050 3050
3 4160GndY/ 2400X12, 470GndY/ 7200 480Y/ 277 500 1600 4900
3 4160GndY/ 2400X12, 470GndY/ 7200 480Y/ 277 750 1800 7600
3 4160GndY/ 2400X12, 470GndY/ 7200 480Y/ 277 1000 2100 8800
3 4160GndY/ 2400X12, 470GndY/ 7200 480Y/ 277 1500 3300 13200
3 4160GndY/ 2400X12, 470GndY/ 7200 480Y/ 277 2500 4800 21800
3 4160GndY/ 2400X12, 470GndY/ 7200 480Y/ 277 3750 6500 29000
3 12, 470GndY/ 7200 208Y/ 120 75 360 990
3 12, 470GndY/ 7200 208Y/ 120 112 530 1270
3 12, 470GndY/ 7200 208Y/ 120 150 560 1690
3 12, 470GndY/ 7200 208Y/ 120 225 880 2420
3 12, 470GndY/ 7200 208Y/ 120 300 1050 3250
3 12, 470GndY/ 7200 208Y/ 120 500 1600 5200
3 12, 470GndY/ 7200 208Y/ 120 750 1800 8400
3 12, 470GndY/ 7200 208Y/ 120 1000 2100 10400
3 12, 470GndY/ 7200 208Y/ 120 1500 2900 16500
3 12, 470GndY/ 7200 480Y/ 277 75 360 990
3 12, 470GndY/ 7200 480Y/ 277 112 530 1270
3 12, 470GndY/ 7200 480Y/ 277 150 560 1690
3 12, 470GndY/ 7200 480Y/ 277 225 880 2420

Al t hough this table has value related to | osses for ol der
existing transfornmers, it is not accurate for transforners
that the Navy has been procuring through NAVFAC gui de
specifications such as NFGS-16272. The no | oad | osses derived
fromthe NFGS are |ower than those in this table. The |oad

| osses for larger transformers derived fromthe NFGS are | ower
than those in this table.
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Table D-1 (Conti nued)
I ndi vi dual Transforner Losses by Size

3 12, 470GndY/ 7200 480Y/ 277 300 1050 3250
3 12, 470GndY/ 7200 480Y/ 277 500 1600 5200
3 12, 470GndY/ 7200 480Y/ 277 750 1800 8400
3 12, 470GndY/ 7200 480Y/ 277 3750 6500 29000
3 12,470 del ta| 2400/ 4160Y/ 2400 1000 2443 9037
3 12,470 del ta| 2400/ 4160Y/ 2400 1500 3455 12261
3 12,470 del ta| 2400/ 4160Y/ 2400 2500 4956 18237
3 12,470 del ta| 2400/ 4160Y/ 2400 3750 6775 26325
3 12,470 del ta| 2400/ 4160Y/ 2400 5000 8800 33325
3 24,940 delta| 2400/ 4160Y/ 2400 1000 2533 9055
3 24,940 delta| 2400/ 4160Y/ 2400 1500 3625 11588
3 24,940 delta| 2400/ 4160Y/ 2400 2500 5338 17875
3 24,940 delta| 2400/ 4160Y/ 2400 3750 7075 26625
3 24,940 delta| 2400/ 4160Y/ 2400 5000 8725 34825
3 34, 500 12, 000 7500 11600 50600
3 69, 000 4160 3750 6500 29000
3 69, 000 12, 000 2500 4800 21800
3 69, 000 12, 000 3750 6500 29000
3 69, 000 12, 000 7500 11600 50600
3 69, 000 12,000| 10000 15000 65000

Al though this table has value related to | osses for ol der
existing transforners, it is not accurate for transforners
that the Navy has been procuring through NAVFAC gui de
specifications such as NFGS-16272. The no | oad | osses derived
fromthe NFGS are |lower than those in this table. The |oad

| osses for |arger transformers derived fromthe NFGS are | ower
than those in this table.
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Not es:

(a) Fuel type abbreviations are as foll ows:

E = electric

ER = el ectric resistance heat (e.g., baseboard, forced air, radiant)

EHP = el ectric heat punp heat

FNG = fossil fuel - natural gas

FFO = fossil fuel - fuel oil

FS = fossil fuel — steam

FO = other fossil fuel (e.g., propane, hot water, coal, wood)
NH = no heat

(b) Goup is a code used to group sinilar buildings by the dhw fuel type,
presence/ absence of cooling, and heating fuel type. This field is sinply the previous
three fiel ds conbi ned.

Figure E-1
Facility Data From Real Property Data Sources
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Bl dg. Bl dg. Ar ea, El ectricity,
Type No. f12 kWh/ nont h or ‘year
TOTAL
Figure E-2

Met ered Buil ding Electric Data
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Bl dg. |G oup|M sc. DHW [cDD * [CDD |+ |[WBH * [ W\BH +|[Elec. * [HDD =| Total |* |Total |=|Electricity
Type EUl EUI Fact or 1000] Fact or /1000] Heat /1000] El ec. Ar ea, kWh/ mo (e)
(a) (b)] (o)] Fact or EUI £12
(d)]

TOTAL

Not es:
(a) See first termin Goup. |If it is an E, then enter the electric DHWEU from EU Table; otherw se, enter zero.
(b) See second termin Goup. If it is ay, enter the CDD factor fromthe EU Table; otherw se, enter zero.
(c) If the building type is FH, enter the WBH factor fromthe EU table; otherw se, enter zero.
(d) See the third termin Goup. |If it is ER enter the electric resistance factor; if it is EHP, enter the heat punp
factor. O herw se enter zero.
(e) If the calculation is being done on an annual basis, the Msc. and DHWEU nust be nultiplied by 12.
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Bl dg. Bl dg. Ar ea, Fossi | Fuel s,
Type No. £12 kBt u/ nont h or year
TOTAL
Figure E-4

Met ered Buil ding Nonel ectric Data
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Bl dg. |Group |DHWEUl |+ |[HDD * [ HDD = |Total Non- |* |Area, |= |Nonelectric
Type (a) Fact or / 1000] El ec. EU £12 Tot al ,

(c)] kBt u/ nont h (c)
TOTAL
Not es:

(a) If the first letter in the first termin Goup is F, enter the nonel ectric DHW
EU for the building type fromthe EU table; otherw se, enter zero.

(b) If the first letter of the third termin Goup is F, enter the nonelectric HDD
nmodi fier for the building type fromthe EU table; otherw se, enter zero.

(c) If the calculation is being done on an annual basis, the DHWEU nust be
mul tiplied by 12.

Figure E-5
Estimat ed Buil di ng Nonel ectric Data
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Ship Cass/ |Connect * Design | = Shi p
Nane Hour s El ec. El ectricity,
Load, kW kwh
TOTAL
Figure E-6

Met ered and Estimated Ship Electric Data
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Ship |Internmittent + Constant [=| Ship * Connect = Ship Steam
d ass/ St eam St eam St eam Hour s Consunpti on,
Nare kBt u/ h kBt u/ h Load kBt u
TOTAL
Figure E-7

Met ered and Estimated Ship Nonel ectric Data
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Energy Use Conponent

El ectricity,
kWh

Nat ur al
kBt u

Gas,

Fuel
al,
kBt u

(b)

Met ered Bui |l di ng Ener gy
Esti mat ed Bui |l di ng Ener gy
Met ered Ship Energy

Esti mat ed Shi p Energy

Elec. Trans. & Dist. Losses

Central Plant Efficiency & Dist.

Losses

Street and Exterior Lights
Process Energy

Wat er and Sewer Energy

Ext eri or Communi cati ons
Energy Transfers to OFf-Site

M sc. O her Energy Use (not
assoc. wth above)

ESTI MVATED TOTAL:
Bl LLED TOTAL:

Difference (Billed - Estinated):

Adj ust nent Factor (a):

(a) "Adjustrment Factor" = [1+(Difference (billed -
sel ected Energy Use Conponents)].

al | ocat ed.

(b) Data for other fuel types nmay be entered in additional

Esti mat ed) / sum of
The sel ected Energy Use Components are
t hose energy use areas to which the reconciliation difference is to be

col umms.

Tot al

Figure E-8

Energy Reconciliation
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Energy Use Conponent

Nat ur al
Gas, kBtu

El ectricity, kW

Fuel
al,
kBt u

(b)

Met ered Bui |l di ng Ener gy
Esti mat ed Bui |l di ng Ener gy
Met ered Ship Energy

Esti mat ed Shi p Energy

Elec. Trans. & Dist. Losses
Central Plant Efficiency &
Di st. Losses

Street and Exterior Lights
Process Energy

Wat er and Sewer Energy

Ext eri or Communi cati ons
Energy Transfers to O f -
Site

M sc. Oher Energy Use (not
assoc. wth above)

ESTI MATED TOTAL:
Bl LLED TOTAL:

Difference (Billed -
Esti mat ed) :

Adj ust nent Factor (a):

Adj usted Tot al

Figure E-9
Energy Reconciliation
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Bl dg. Type Group Tot al * Adj . * Tot al El ectricity
El ectric Fact or Area. ft2 kWh/ no
EUI '
TOTAL
Figure E-10

Building Electricity Use Adjustnent
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Bl dg. Group | Total * Adj . * | Area, = Nonel ectric
Type Non- Fact or ft2 Tot al ,
El ec. kBt u/ ronth (c)
EU
TOTAL
Figure E-11

Bui | di ng Nonel ectric Use Adjustnent
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Shi p Connect * Adj . *  Design Shi p
d ass/ Hour s Fact or El ec. El ectricity,
Nane Load, kW kwWh
TOTAL
Figure E-12

Ship Electric Use Adjustnent
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Shi p Ship Steam * Connect Ship Steam
d ass/ Load Hours (same Consunpti on,
Nare as Elec.) kBt u
TOTAL
Figure E-13

Shi p Nonel ectric Use Adjustnent
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Lanp Type Count * Lamp + * | Hours |/ 1000 | =| Street lighting
Bal | ast (W kW Energy, kW
WAt t age
TOTAL
Fi gure E-14

Exterior Lighting Energy
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Season/ Mont h/ . .. Peak Aver age Tot al Demand Loss Load Ener gy Loss Factor
Load Load Namepl at e Factor (FpLS) Fact or (FELS)
(My (My Capaci ty (FLD)
(kVA)
Figure E-15

El ectri cal

Transformer Loss Factors
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No. of Vol t age Capacity No. of No Load Load Loss | Energy Loss | Denand Loss
Phases (Prim Sec) (kVA) Units Loss (W w (kWh/ no) w
TOTAL
Figure E-16
El ectrical Transformer Losses
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Bl dg. Bl dg.
Type No. MGAL/ Mbnt h
TOTAL
Figure E-17

Met ered Bui |l di ng Water Data
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Shi p )
Type Ship Hul | MGAL/ Mbnt h
No.
TOTAL
Figure E-18

Met ered Ship Water
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Bl dg. Bl dg.
Type No. MGAL/ Mbnt h
TOTAL
Figure E-19

Estimated Buil ding Water Data
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Shi p )
Type Ship Hull No. MGAL/ Mont h
TOTAL
Figure E-20
Esti mated Ship Water Data
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Wat er Use Conponent MGAL/ Mont h

Met ered Donestic Water
Esti mat ed Donesti c Wat er

Met ered Commerci al /I ndustri al
WAt er

Esti mat ed
Commerci al /I ndustri al Water

Met ered Ship Water
Estimated Ship Water

Mai nt enance Use and Losses

ESTI MATED TOTAL:
Bl LLED TOTAL:

Difference (Billed -
Esti mat ed) :

Adj ust nent Factor (a):

(a) "Adjustnent Factor" =
[1+(Di fference (billed -

Esti mat ed)/ sum of sel ected
Wat er Use Components)]. The
sel ected Water Use Conponents
are those water use areas to
whi ch the reconciliation
difference is to be
allocated. 1In this exanple,
sel ect ed conponents are

esti mat ed donestic water,
esti mated ship water,

mai nt enance and | osses.

Figure E-21
Total Water Reconciliation
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Wat er Use Conponent MGAL/ Mont h

Met ered Domestic Water

Esti mat ed Donestic Water

Met ered Comrercial /I ndustrial Water
Esti mat ed Conmerci al /I ndustrial Water
Met ered Ship Water

Estimated Ship Water

Mai nt enance Use and Losses

ESTI MATED TOTAL:

Bl LLED TOTAL:

Difference (Billed - Estimted):
Adj ust nent Factor:

Figure E-22

Adj usted Total Water Reconciliation

Bl dg. Type | Original * Adj . = New Esti mat e
Esti mate
( MGAL) Fact or MGAL/ Mont h
TOTAL
Figure E-23

Donestic Water Use Adj ustnent
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Ship Type | Ori gi nal * Adj . = New Esti mat e
Esti nat e
( MGAL) Fact or MGAL/ Mont h
TOTAL
Figure E-24

Ship Water Use Adj ust nent

Bl dg. Type |Original | * Adj . = New Esti mate
Estimate
( MBAL) Fact or MGAL/ Mont h
TOTAL
Figure E-25

Mai nt enance and Loss Wat er Adj ust nent
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GLOSSARY

ASHRAE. Anerican Society of Heating, Refrigerating and Air-
Condi ti oni ng Engi neers Inc.

Btu. British thermal unit.

CCB. Construction Criteria Base.

DHW Donestic hot water.

EU . Energy use intensities.

gpad. Gallons per acre day.

H D. High intensity discharge.

NAVFAC. Naval Facilities Engineering Comrand.
PWJ Ds. Public Wrks Centers and Departnents.
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