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to assure that control elements are 
calibrated, adjusted, and in proper 
working condition. For projects larger 
than 50,000 ft2 conditioned area, de-
tailed instructions for commissioning 
HVAC systems shall be provided by the 
designer in plans and specifications. 

§ 434.404 Building service systems and 
equipment. 

404.1 Service Water Heating Equipment 
Efficiency. Equipment must satisfy the 
minimum performance efficiency speci-
fied in Table 404.1 when tested in ac-
cordance with RS–37, RS–38, or RS–39 
(incorporated by reference, see 
§ 434.701). Omission of equipment from 
Table 404.1 shall not preclude the use of 

such equipment. Service water heating 
equipment used to provide additional 
function of space heating as part of a 
combination (integrated) system shall 
satisfy all stated requirements for the 
service water heating equipment. All 
gas-fired storage water heaters that 
are not equipped with a flue damper 
and use indoor air for combustion or 
draft hood dilution and that are in-
stalled in a conditioned space, shall be 
equipped with a vent damper listed in 
accordance with RS–42 (incorporated 
by reference, see § 434.701). Unless the 
water heater has an available elec-
trical supply, the installation of such a 
vent damper shall not require an elec-
trical connection. 

TABLE 404.1—MINIMUM PERFORMANCE OF WATER HEATING EQUIPMENT 

Category Type Fuel Input rat-
ing VT 

Input to 
VT ratio 
Btuh/gal 

Test Meth-
od a 

Energy fac-
tor 

Thermal 
efficiency 

Et% 

Standby 
loss %/ 

HR 

NAECA ....... all .................. electric .... 12 kW all c DOE Test 0.93– 
0.00132V 

Covered ..... storage .......... gas ......... 75,000 
Btuh 

all c Procedure 
10 

0.62– 
0.0019V 

Water ......... instantaneous gas ......... 200,000 all CFR part 
430 

0.62– 
0.0019V 

Heating ....... storage .......... oil ........... Btuh c all 430 0.59– 
0.0019V 

Equipment b instantaneous oil ........... 105,000 
Btuh 

all Appendix E 0.59– 
0.0019V 

pool heater ... gas/oil ..... 210,000 
Btuh 

all ANSI 
Z21.56 

78 

all (RS–38) * 

Other Water storage .......... electric .... all all ANSI 
Heating ....... Z21.10.3 78 .030+27/ 

VT 
Equipment d storage/ .........

instantaneous 
gas/oil ..... 155m999 

Btuh 
all <4,000 (RS–39)* 78 1.3+114// 

VT 
all <4,000 80 1.3+95/VT 

>155,000 
Btuh 

<10 4,000 77 

10 4,000 2.3+67/VT 

Unfired .......
Storage ......
Tanks .........

all 6.5 Btuh/ 
ft2 

a For detailed references see subpart E. 
b Consistent with National Appliance Energy Conservation Act (NAECA) of 1987. 
c DOE Test Procedures apply to electric and gas storage water heaters with rated volumes 20 gallons and gas instantaneous 

water heaters with input ratings of 50,000 to 200,000 Btuh. 
d All except those water heaters covered by NAECA. 
* Incorporated by reference, see § 434.701. 

404.1.1 Testing Electric and Oil Storage 
Water Heaters for Standby Loss. 

(a) When testing an electric storage 
water heater, the procedures of 
Z21.10.3–1990 (RS–39, incorporated by 
reference, see § 434.701), Section 2.9, 
shall be used. The electrical supply 
voltage shall be maintained with ±1% 

of the center of the voltage range spec-
ified on the water heater nameplate. 
Also, when needed for calculations, the 
thermal efficiency (Et) shall be 98%. 
When testing an oil-fired water heater, 
the procedures of Z21.10.3–1990 (RS–39 
incorporated by reference, see § 434.701), 
Sections 2.8 and 2.9, shall be used. 
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(b) The following modifications shall 
be made: A vertical length of flue pipe 
shall be connected to the flue gas out-
let of sufficient height to establish the 
minimum draft specified in the manu-
facturer’s installation instructions. All 
measurements of oil consumption shall 
be taken by instruments with an accu-
racy of ±1% or better. The burner rate 
shall be adjusted to achieve an hourly 
Btu input rate within ±2% of the manu-
facturer’s specified input rate with the 
CO2 reading as specified by the manu-
facturer with smoke no greater than 1 
and the fuel pump pressure within ±1% 
of the manufacturer’s specification. 

404.1.2 Unfired Storage Tanks. The 
heat loss of the tank surface area Btu/ 
(h·ft2) shall be based on an 80 °F water- 
air temperature difference. 

404.1.3 Storage Volume Symbols in Table 
404.1. The symbol ‘‘V’’ is the rated stor-
age volume in gallons as specified by 
the manufacturer. The symbol ‘‘VT’’ is 
the storage volume in gallons as meas-
ured during the test to determine the 
standby loss. VT may differ from V, but 
it is within tolerances allowed by the 
applicable Z21 and Underwriters Lab-
oratories standards. Accordingly, for 
the purpose of estimating the standby 
loss requirement using the rated vol-
ume shown on the rating plate, VT 
should be considered as no less than 
0.95V for gas and oil water heaters and 
no less than 0.90V for electric water 
heaters. 

404.1.4 Electric Water Heaters. In appli-
cations where water temperatures not 
greater than 145 °F are required, an 
economic evaluation shall be made on 
the potential benefit of using an elec-
tric heat pump water heater(s) instead 
of an electric resistance water heat-
er(s). The analysis shall compare the 
extra installed costs of the heat pump 
unit with the benefits in reduced en-
ergy costs (less increased maintenance 
costs) over the estimated service life of 
the heat pump water heater. Excep-
tions are as follows: Electric water 
heaters used in conjunction with site- 
recovered or site-solar energy sources 
that provide 50% or more of the water 
heating load or off-peak heating with 
thermal storage. 

404.2 Service Hot Water Piping Insula-
tion. Circulating system piping and 
noncirculating systems without heat 

traps, the first eight feet of outlet pip-
ing from a constant-temperature non-
circulating storage system, and the 
inlet pipe between the storage tank 
and a heat trap in a noncirculating 
storage system shall meet the provi-
sions of subsection 403.2.9. 

404.2.1 Vertical risers serving storage 
water heaters not having an integral 
heat trap and serving a noncirculating 
system shall have heat traps on both 
the inlet and outlet piping as close as 
practical to the water heater. 

404.3 Service Water Heating System 
Controls. Temperature controls that 
allow for storage temperature adjust-
ment from 110 °F to a temperature 
compatible with the intended use shall 
be provided in systems serving residen-
tial dwelling units and from 90 °F for 
other systems. When designed to main-
tain usage temperatures in hot water 
pipes, such as circulating hot water 
systems or heat trace, the system shall 
be equipped with automatic time 
switches or other controls that can be 
set to turn off the system. 

404.3.1 The outlet temperature of lav-
atory faucets in public facility rest-
rooms shall be limited to 110 °F. 

404.4 Water Conservation. Showerheads 
and lavatory faucets must meet the re-
quirements of 10 CFR 430.32 (o)-(p). 

404.4.1 Lavatory faucets in public fa-
cility restrooms shall be equipped with 
a foot switch, occupancy sensor, or 
similar device or, in other than lava-
tories for physically handicapped per-
sons, limit water delivery to 0.25 gal/ 
cycle. 

404.5 Swimming Pools. All pool heaters 
shall be equipped with a readily acces-
sible on-off switch. 

404.5.1 Time switches shall be in-
stalled on electric heaters and pumps. 
Exceptions are as follows: 

(a) Pumps required to operate solar 
or heat recovery pool heating systems. 

(b) Where public health requirements 
require 24-hour pump operation. 

404.5.2 Heated swimming pools shall 
be equipped with pool covers. Excep-
tion: When over 70% of the annual en-
ergy for heating is obtained from a 
site-recovered or site-solar energy 
source. 

404.6 Combined Service Water Heating 
and Space Heating Equipment. A single 
piece of equipment shall not be used to 
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provide both space heating and service 
water heating. Exceptions are as fol-
lows: 

(a) The energy input or storage vol-
ume of the combined boiler or water 
heater is less than twice the energy 
input or storage volume of the smaller 
of the separate boilers or water heaters 
otherwise required or 

(b) The input to the combined boiler 
is less than 150,000 Btuh. 

Subpart E—Building Energy Cost 
Compliance Alternative 

§ 434.501 General. 
501.1 Subpart E permits the use of the 

Building Energy Cost Compliance Al-
ternative as an alternative to many 
elements of subpart D. When this sub-
part is used, it must be used with sub-
part C and subpart D, 401.1, 401.2, 401.3.4 
and in conjunction with the minimum 
requirements found in subsections 
402.1, 402.2, and 402.3., 403.1, 403.2.1–7, 
403.2.9 and 404. 

501.2 Compliance. Compliance under 
this method requires detailed energy 
analyses of the entire Proposed Design, 
referred to as the Design Energy Con-
sumption; an estimate of annual en-
ergy cost for the proposed design, re-
ferred to as the Design Energy Cost; 
and comparison against an Energy Cost 
Budget. Compliance is achieved when 
the estimated Design Energy Cost is 
less than or equal to the Energy Cost 
Budget. This subpart provides instruc-
tions for determining the Energy Cost 
Budget and for calculating the Design 
Energy Consumption and Design En-
ergy Cost. The Energy Cost Budget 
shall be determined through the cal-
culation of monthly energy consump-
tion and energy cost of a Prototype or 
Reference Building design configured 
to meet the requirements of sub-
sections 401 through 404. 

501.3 Designers are encouraged to em-
ploy the Building Energy Cost Budget 
compliance method set forth in this 
section for evaluating proposed design 
alternatives to using the elements pre-
scribed in subpart D. The Building En-
ergy Cost Budget establishes the rel-

ative effectiveness of each design alter-
native in energy cost savings, pro-
viding an energy cost basis upon which 
the building owner and designer may 
select one design over another. This 
Energy Cost Budget is the highest al-
lowable calculated energy cost for a 
specific building design. Other alter-
native designs are likely to have lower 
annual energy costs and life cycle costs 
than those used to minimally meet the 
Energy Cost Budget. 

501.4 The Energy Cost Budget is a nu-
merical reference for annual energy 
cost. It’s purpose is to assure neu-
trality with respect to choices such as 
HVAC system type, architectural de-
sign and fuel choice by providing a 
fixed, repeatable budget that is inde-
pendent of any of these choices wher-
ever possible (i.e., for the prototype 
buildings). The Energy Cost Budget for 
a given building size and type will vary 
only with climate, the number of sto-
ries, and the choice of simulation tool. 
The specifications of the prototypes 
are necessary to assure repeatability, 
but have no other significance. They 
are not necessarily recommended en-
ergy conserving practice, or even phys-
ically reasonable practice for some cli-
mates or buildings, but represent a rea-
sonable worst case of energy cost re-
sulting from compliance with the pro-
visions of subsections 401 through 404. 

§ 434.502 Determination of the annual 
energy cost budget. 

502.1 The annual Energy Cost Budgets 
shall be determined in accordance with 
the Prototype Building Procedure in 
§ 434.503 and § 434.504 or the Reference 
Building Procedure in § 434.505. Both 
methods calculate an annual Energy 
Cost by summing the 12 monthly En-
ergy Cost Budgets. Each monthly En-
ergy Cost Budget is the product of the 
monthly Building Energy Consumption 
of each type of energy used multiplied 
by the monthly Energy Cost per unit of 
energy for each type of energy used. 

502.2 The Energy Cost Budget shall be 
determined in accordance with Equa-
tion 502.2.a as follows: 
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