Department of Energy

18. Selkowitz, S. and F. Winkelmann. May
1983. ‘“‘New Models for Analyzing the Ther-
mal and Daylighting Performance of Fen-
estration.” Energy Efficient Buildings Pro-
gram, Lawrence Berkeley Laboratory, Uni-
versity of California. LLBL.-14517. DOE Con-
tract DE-AC03-76SF00098.

19. Selkowitz, S., J. J. Kim, M. Navvab and
F. Winkelmann. June 1982. ‘““The DOE-2 and
Superlite Daylighting Programs.”” Applied
Science Division, Lawrence Berkeley Lab-
oratory, University of California. LLBL.-14569.
DOE Contract DE-AC03-76SF00098.

20. Johnson, R., S. Selkowitz, F.
Winkelmann, and M. Zenter. October 1981.
‘‘Glazing Optimization Study for Energy Ef-
ficiency in Commercial Office Buildings.”’
Energy Efficient Buildings Program, Law-
rence Berkeley Laboratory, University of
California. LBL-12764. DOE Contract DE-
AC03-76SF00098.

21. Arasteh, D., Johnson, R., Selkowitz, S.,
and Sullivan R. 1985. ‘‘Energy Performance
and Savings Potential with Skylights.”
ASHRAE Transactions, Vol. 91, Part 1.

22. Arasteh, D., Johnson, R., and
Selkowitz, S. May 1985. The Effects of Skylight
Parameters on Daylighting Energy Savings, Ap-
plied Science Division. Lawrence Berkeley
Laboratory, University of California, LBL-
17456. DOE Contract DE-AC03-76SF00098.

23. Crawley, D.B., Briggs, R.S., December
1985. Envelope Design Implications of ASHRAE
Standards 90.1P: A Case Study View, Pro-
ceedings, Thermal Performance of the Exte-
rior Envelope of Buildings III, ASHRAE/DOE/
BTECC, Clearwater Beach, FL. Pacific
Northwest Laboratory, Richland, WA. DOE
Contract DE-AC06-76R1.0-1830.

§435.106 Electric power and distribu-
tion.

6.1 General

6.1.1 This section contains minimum
requirements for all building electrical
systems, except required emergency
systems.

6.1.2 A building shall be considered
in compliance with this section if the
minimum requirements of section 6.3
are met.

6.2 Principles of Design

6.2.1 Electric Distribution Systems

6.2.1.1 Transformers and generating
units shall be sized as close as possible
to the actual anticipated load (.e.,
oversizing is to be avoided so that fixed
thermal losses are minimized).

6.2.1.2 Distribution of electric power
at the highest practical voltage and
load selection at the maximum power
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factor consistent with safety shall be
considered. The use of distribution sys-
tem transformers shall be minimized.

6.2.1.3 Tenant submetering can be
one of the most cost-effective energy
conservation measures available. A
large portion of the energy use in ten-
ant facilities occurs simply because
there is no economic incentive to con-
serve.

6.3 Minimum Requirements

6.3.1 Electrical Distribution System

6.3.1.1 All commercial or multi-fam-
ily high rise residential buildings, hav-
ing designed connected electric service
over 250 KV A, shall have electrical en-
ergy consumption check metered on
the basis of usage category or tenant
occupancy, depending on conditions de-
fined below. For buildings that are oc-
cupied by multiple tenants, the meter-
ing shall be per tenant, if the tenant
has a connected load of 100 KVA or
more. HVAC and service hot water sys-
tems, shared among tenants, need not
meet this requirement but shall be sep-
arately metered.

6.3.1.2 The electrical power feeders
for each facility for which check-me-
tering is required shall be by tenant
and shall be subdivided in accordance
with the following categories:

6.3.1.2.1 Lighting and receptacle out-
lets;

6.3.1.2.2 HVAC and service water
heating systems and equipment; and

6.3.1.2.3 Special occupant equipment
or systems of more than 20 kW, such as
elevators, computer rooms, kitchens,
printing equipment, and baling presses.

6.3.1.2.4 Ezxception to Section 6.3.1.2:

(a) 10% or less of the loads on a feed-
er may be from another usage cat-
egory.

6.3.1.3 The power feeders for each
category shall contain portable or per-
manent submetering prior to or within
any primary or secondary distribution
panels. Such provisions shall include a
separate compartment or panel of ade-
quate size and design to house the nec-
essary voltage and current trans-
formers. An accessible means of at-
taching clamp-on meters or split-core
current transformers shall be provided.

6.3.1.4 The locations of these points
of measurement may be central or dis-
tributed throughout the building, as
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appropriate to the layout of the build-
ing. A minimum arrangement shall
provide a safe method for access to the
enclosures through which feeder con-
ductors pass, and have sufficient space
to attach clamp-on or split-core cur-
rent transformers. These enclosures
may be separate compartments or com-
bined with electrical cabinets serving
another function. Enclosures so fur-
nished shall be identified by available
measuring function. A preferred ar-
rangement would include kKkWh meters
and demand registers, or a means to
transmit such information to a build-
ing energy management control sys-
tem.

6.3.1.5 In multiple-tenant buildings,
where designed connected electrical
service is over 250 kKVA, each tenant
space having a total connected load of
more than 100 KVA shall have provision
made to permit check-metering of the
total tenant load. If the building is
served by a common HVAC system, the
HVAC loads need not be check metered
for each tenant.

6.3.2 Transformers

6.3.2.1 All permanently wired trans-
formers, that are part of the building

10 CFR Ch. Il (1-1-01 Edition)

electrical distribution system, except
utility-owned transformers, shall be se-
lected to minimize the combination of
no-load, part-load, and full-load losses,
without compromising the electrical
system operating and reliability re-
quirements.

6.3.2.2 If the total capacity of the
transformers exceeds 300 KVA, a cal-
culation of total estimated annual op-
erating costs of the transformer losses
shall be made. This calculation shall be
based on estimated hours of trans-
former operation at projected part-load
and full-load conditions, and the asso-
ciated transformer core and coil losses.
If appropriate data for projecting this
calculation is unavailable, use Form
6.3-1 “‘Transformer Loss Calculation
Estimate’ as a basis for making the es-
timate. The calculations made in ac-
cordance with this section shall be
used to compare among types of trans-
formers and configurations available to
the designer to balance energy costs
with necessary operating flexibility,
reliability (redundancy), and safety.
The projected annual energy costs for
the losses of the selected arrangement
shall be retained as part of the elec-
trical design documentation.
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6.3.3 Electric Motors

6.3.3.1 All permanently wired poly-
phase motors of 1 hp or more serving
the building, shall meet the require-
ments of this section. Motors expected
to operate more than 500 hours per year
shall have a minimum acceptable
nominal full-load motor efficiency no
less than that shown in Table 6.3-1.
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6.3.3.1.1 Table 6.3-1 applies to mo-
tors having nominal 1200, 1800, or 3600
RPM; with open, drip-proof, or TEFC
enclosures. Other motor types are ex-
empted from the minimum efficiency
requirements of these standards.

6.3.3.1.2 Motor efficiency ratings
shall be based on a statistically valid
quality control procedure conforming
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with ANSI/IEEE 112-1984, Test Method B
(Dynamometer) using NEMA MG 1-1987
(MG 1-12.54 and MG 1-12.55) for motors
below 500 hp. For motors 500 hp and
above, ANSI/IEEE 112-1984, Test Method
B or Method F (Equivalent Circuit Cal-
culation), shall be used.

10 CFR Ch. Il (1-1-01 Edition)

6.3.3.1.3 Values listed in Table 6.3-1
are nominal efficiencies. Minimum
motor efficiencies shall not be less
than the corresponding values provided
in NEMA MG 1-12.54.

TABLE 6.3-1
MINIMUM ACCEPTABLE FULL-LOAD MOTOR EFFICIENCIES
FOR SINGLE SPEED POLYPHASE morors’

F T 1
| | MINIMUM RATES |
| HORSEPOWER | EFFICIENCY PERCENT |
; t {
| 1-4 | 78.5 |
| | |
| 5-9 | 84.0 |
| | !
| 10-19 | 85.5 |
I ! I
] 20-49 | 88.5 |
| | |
| 50-99 | 90.2 |
I | |
| 100-124 1 91.7 |
| | f
| 125 and above i 92.4 |
{ 1 i

1 Motors operating more than 750 hours per year are
tikely to be cost-effective with efficiencies

greater than those tisted.

The more efficient

motors are classified by most manufacturers as
"high-efficiency," and are presently available
for common applications with typical nominal

efficiencies of:

Shp, 89.5%; 10hp, 91.0%; 50hp,
94.1%; 100hp, 95.1%; 200hp, 96.2%.

Guidance for

evaluating the cost effectiveness of high efficiency
motor applications is given in NEMA MG 10-83 (name).

6.3.3.1.4 Motor efficiency shall be
tested using a statistically valid qual-
ity control procedure conforming with
the IEEE 112A, Test Method B (1978)
(Dynmometer) fan motors E below 500
hp, or Test Method F (1978) (Equivalent
Circuit Calculation) based on no-load
measurements for motors 500 hp and
larger.

6.3.3.2 Motor nameplates shall list
the minimum and the nominal full-
load motor efficiencies and the full-
load power factor.

6.3.3.3 Full-load motor power factor
for three-phase motors can be cal-
culated from nameplate data by Equa-
tion 6.3-1:

% Power Factor=(hp x 745 x 100)/(nominal ef-
ficiency x full-load amps x rated voltage
x305),

Equation 6.3-1

6.3.3.4 Motor horsepower rating
shall not exceed 1256% of the calculated
maximum load being served, or the
next larger standard motor size if a
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standard rating does not fall within
this range.

6.3.4 Operation and Maintenance of
Electrical Systems

6.3.4.1 The designer shall specify
that building owners be provided with
written information that provides
basic data relating to the design, oper-
ation, and maintenance of the elec-
trical distribution system for the
building. This shall include:

6.3.4.1.1 a single-line diagram of the
“‘as-built” building electrical system;

6.3.4.1.2 schematic diagrams of elec-
trical control systems (other than
HVAC, covered elsewhere);

6.3.4.1.3 manufacturers’ operating
and maintenance manuals on active
electrical equipment; and

6.3.4.1.4 the Transformer Loss Cal-
culation Estimate if required by Sec-
tion 6.3.2.2.

§435.107 Heating, Ventilation, and Air-
Conditioning (HVAC) systems.

7.1 General

7.1.1 This section contains minimum
and prescriptive requirements for the
design of HVAC systems. It is rec-
ommended that the designer evaluate
other energy conservation measures
that may be applicable to the proposed
design.

7.1.2 A building shall be considered
in compliance with this section if the
following conditions are met:

7.1.2.1 The minimum requirements
of Section 7.3 are met; and

7.1.2.2 The HVAC system design
complies with the prescriptive criteria
of section 7.4. For the design of HVAC
systems that incorporate innovative or
alternate design strategies, the compli-
ance paths set forth in Section 11.0 or
12.0 should be used.

7.2 Principles of Design

7.2.1 Control of Equipment Loads

7.2.1.1 The thermal impact of equip-
ment and appliances shall be mini-
mized by use of hoods, radiation
shields, or other confining techniques,
and by use of controls to assure that
such equipment is turned off when not
needed. In addition, major heat-gener-
ating equipment shall, where practical,
be located where it can balance other
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heat losses. For example, computer
centers or kitchen areas could be lo-
cated in the north or northwest perim-
eter areas of buildings depending on
climate and prevailing wind directions.
In addition, heat recovery shall be spe-
cifically considered for this equipment.

7.2.2 HVAC System Design

7.2.2.1 Separate HVAC systems shall
be considered to serve areas expected
to operate on widely differing oper-
ating schedules or design conditions.
For instance, systems serving office
areas should generally be separate
from those serving retail areas. When a
single system serves a multi-tenant
building, provisions shall be made to
shut-off or set-back the heating and
cooling to each area independently.

7.2.2.2 Spaces with relatively con-
stant and weather-independent loads
may be served with systems separate
from those serving perimeter spaces.
Areas with special temperature or hu-
midity requirements, such as computer
rooms, shall be served by systems sepa-
rate from those serving areas that re-
quire comfort heating and cooling
only, alternatively, these areas shall be
served by supplementary or auxiliary
systems.

7.2.2.3 The supply of zone cooling
and heating shall be sequenced to pre-
vent the simultaneous operation of
heating and cooling systems for same
space. Where this is not possible due to
ventilation or air circulation require-
ments, air quantities shall be reduced
as much as possible before reheating,
recooling, or mixing hot and cold air
streams. Finally, supply air tempera-
ture shall be reset to extend econo-
mizer operations and to reduce reheat,
recool, or mixing losses.

7.2.2.4 Systems serving areas with
significant internal heat gains (light-
ing, equipment, and people), especially
interior zones with little or no expo-
sure to outside air, shall be designed to
take advantage of mild or cool weather
conditions to reduce cooling energy if
heat recovery systems are not used.
These systems, called air or water
economizers, shall be designed to pro-
vide a partial reduction in cooling
loads even when mechanical cooling
must be used to provide the remainder
of the load. Economizer controls shall
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