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Code Section # C404.2 Service water-heating equipment performance efficiency.

Brief Description:

Reduce required extra insulation on high temperature storage tanks to create consistent heat loss rates
requirements. (Note: proposed change is only to new footnote h at the bottom of this code excerpt.)

Proposed code change text: (Copy the existing text from the Integrated Draft, linked above, and then
use underline for new text and strikeeut for text to be deleted.)

C404.2 Service water-heating equipment performance efficiency. Water-heating equipment
and hot water storage tanks shall meet the requirements of Table C404.2. The efficiency shall
be verified through certification and listed under an approved certification program, or if no
certification program exists, the equipment efficiency ratings shall be supported by data
furnished by the manufacturer. Water-heating equipment intended to be used to provide space
heating shall meet the applicable provisions of Table C404.2.

TABLE C404.2

MINIMUM PERFORMANCE OF WATER-HEATING EQUIPMENT

SUBCATEGORY

electric

cauipmENT Type | SEECULPORY | TommaTNG | PRioURED~ | PRoGEDURE
Tabletop’ ’23292?3' 0.93 - 0.00132V, EF
< 12 kW0 O e ns ot O | 0.960-0.0003v, EF | POE TG CFR Par
Ry ‘32?;{;?2‘16;5 ;;f 1.06-0.00168V, EF
> 12 kW Resistance 220 gal (0.3 + 27/ Vi %/hS Eﬁg;oznsz()o;
: 242a5rgecsa|tasnd Heat pump 2.057 - 0.00113V, EF | POE 13 ,;%FR Part
water Laer;etg?ss Al Resistance 0.93-0.00132v, EF | DOE 10 CFRPart

430




TABLE C404.2 (continued)
MINIMUM PERFORMANCE OF WATER-HEATING EQUIPMENT

EQUIPMENT TYPE

SIZE CATEGORY
(input)

SUBCATEGORY
OR RATING
CONDITION

PERFORMANCE
REQUIRED® ®

TEST
PROCEDURE

Storage water
heaters, gas

< 75,000 Btu/h

> 20 gal and < 55 gal

0.675-0.0015V, EF

DOE 10 CFR Part

>55 galand <100 gal | 08012 ‘E%OOWSV’ 430
80% E: Section G.1 and
> 75,000 Btu/h < 4,000 Btu/h/gal (Q/800 +110VV)SL, G.2 of ANSI
Btu/h 721.10.3

> 50,000 Btu/h and

= 4,000 (Btu/h)/gal

DOE 10 CFR Part

tanks"

(h x ft2x °F)/Btu

< 200,000 Btu/h f;gal 0.82-0.0019V, EF 430
Instantaneous ¢ | 24,000 Btu/h/gal and o
water heaters, gas 2 200,000 Btu/h <10 gal 80% E: Section G.1 and
> 4,000 Btu/h/gal and 80% E: G2 of ANSI
>200,000 Btuh | = * >10” alga and | (/800 +110VV)SL, 721.10.3
=109 Btu/h
< 105,000 Btu/h 220 gal 0.68-0.0019V, EF DOE 191:%FR Part
Storage water
heatgers, oil 80% Et Section G.1 and
> 105,000 Btuh < 4,000 Btu/h/gal (Q/800 +110VV)SL, G.2 of ANSI
Btu/h Z21.10.3
<210,000Bwh | = 4’0°°<B;”é healand | o59.00010v, EF | POF 133%FR Part
Instantaneous >210,000 Btwh | = 4’0°°<B1t(‘;/ h; ?a' and 80% E: ,
water heaters, oil 9 Segt;)nf(i 11\1 glnd
78% Et -2 0
> 210,000 Btwh | = 4’00035”/ mealand | (/800 +110VV)SL, 721.10.3
=109 Btu/h
Hot water supply = 300’222 Btu/h = 4,000 Btu/h/gal and 80% E
boilers, gas and oil | _ 15 £00'000 Bru/h <10 gal o=t
= 300,000 Btu/h 80% E: Section G.1 and
Flot water supply and 24’°°°>?t6’/ higaland | (/800 +110VW)sL., G.2 of ANSI
-9 < 12,500,000 Btu/h =109 Btu/h 721.10.3
2 300,000 Btu/h 78% Et
Hot watar supply and = 4000 Beeatand | (/goo +110V)sL,
’ < 12,500,000 Btu/h Btu/h
Pool heaters, gas
and oil All — 82% E: ASHRAE 146
Heat pump pool
heaters All — 4.0 COP AHRI 1160
Unfired storage Minimum insulation
9 All — requirement R-12.5 (none)

For SI: °C = [(°F) - 32)/1.8, 1 British thermal unit per hour = 0.2931 W, 1 gallon = 3.785 L, 1 British thermal unit per
hour per gallon = 0.078 WI/L.

a. Energy factor (EF) and thermal efficiency (Et ) are minimum requirements. In the EF equation, V is the rated

volume in gallons.




b. Standby loss (SL) is the maximum Btu/h based on a nominal 70°F temperature difference between stored
water and ambient requirements. In the SL equation, Q is the nameplate input rate in Btu/h. In the SL equation
for electric water heaters, V is the rated volume in gallons and Vm is the measured volume in gallons. In the

SL equation for oil and gas water heaters and boilers, V is the rated volume in gallons.

c. Instantaneous water heaters with input rates below 200,000 Btu/h must comply with these requirements if the
water heater is designed to heat water to temperatures 180°F or higher.

d. Electric water heaters with an input rating of 12kW (40,950 Btu/h) or less that are designed to heat water to
temperatures of 180°F or greater shall comply with the requirements for electric water heaters that have an
input rating greater than 12 kW.

e. A tabletop water heater is a water heater that is enclosed in a rectangular cabinet with a flat top surface not
more than three feet (0.91 m) in height.

f. A grid-enabled water heater is an electric resistance water heater that meets all of the following:
1. Has arated storage tank volume of more than 75 gallons.
2 Is manufactured on or after April 16, 2015.
3. Is equipped at the point of manufacture with an activation lock.
4 Bears a permanent label applied by the manufacturer that complies with all of the following:
4.1 Is made of material not adversely affected by water.

4.2 Is attached by means of non-water soluble adhesive.

4.3 Advises purchasers and end-users of the intended and appropriate use of the product with the
following notice printed in 16.5 point Arial Narrow Bold font: “lIMPORTANT INFORMATION: This
water heater is intended only for use as a part of an electric thermal storage or demand response
program. It will not provide adequate hot water unless enrolled in such a program and activated by
your utility company or another program operator. Confirm the availability of a program in your local
area before purchasing or installing this product.”

g. %/h is the energy consumed to replace the heat lost from the tank while on standby, expressed as a percentage
of the total energy in the stored water per hour.

h. Unfired storage tanks used to store service hot water at temperatures above 130°F shall include a minimum of
R-4 R-2 additional insulation for every 10°F increase in stored water temperature above 130°F.

Purpose of code change:

The proposed change adjusts note “h” in table C404.2 regarding unfired storage tanks to required R-2
additional insulation for each 10°F change in storage temperature instead of R-4. Reducing to an
increase of R-2 for every 10°F storage temperature increase will create a consistent heat loss rate across
tanks with different storage temperatures. This requirement makes construction of high temperature
storage systems impractical at a time when load shifting and grid-integration are starting to become
realized as a key component to creating a greener energy infrastructure.

By increasing insulation thickness faster than corresponding storage temperature the current code
creates less heat loss at higher temperatures and penalizes high temperature systems by adding cost
and, at some temperatures, making construction of high temperature storage systems impractical.
Typical manufacturer specifications only allow for 4 inches of insulation to be added to a tank due to
insulation structural limitations and excessive spatial requirements. The current code would require a
5.5-inch insulation thickness at a storage temperature of 180°F with typical closed cell spray foam
insulation.

As buildings move toward grid-integration and CTA-2045 becomes a requirement for all electric water
heaters, including HPWHs and electric resistance water heaters, the ability to store water at higher
temperatures and enable systems to shed load on demand will become important. Higher storage
temperatures allow more energy to be stored, and therefore increase the ability of the equipment to




shed load when requested by the utility. Increased ability to shed load, increases grid demand flexibility,
and enables renewable energy generation sources, which are inherently temperamental, to supply
electricity.

Tables 1 and 2 below show the heat loss assuming 50°F ambient temperatures, and insulation thickness
required (assuming R-6.5 per inch, typical of closed cell spray foam insulation) for the current code and
the proposed change. Note that in both cases the heat loss decreases with temperature increase. In the
proposed change however, the heat loss is more similar at 130°F and 180°F.

Table 1. Heat loss and insulation thickness required by current code.

Insulation
Temperature R-Val Proposed Thickness Heat Loss
[°F] [ft2*hr*btu/hr] [Inches] [btu/hr]
130 12.5 2.5 640
140 16.5 3 550
150 20.5 3.5 490
160 24.5 4.5 450
170 28.5 5 425
180 32.5 5.5 400

Table 2. Heat loss and insulation thickness required by proposed change.

Insulation
Temperature | R-Val Proposed Thickness Heat Loss
[°F] [ft2*hr*btu/hr] [Inches] [btu/hr]
130 12.5 2.5 640
140 14.5 2.5 620
150 16.5 3 610
160 18.5 3.5 590
170 20.5 3.5 590
180 22.5 4 580

The proposed change would keep insulation thicknesses at or below 4 inches (8-inch diameter change)
for storage temperatures up to 180°F and allow for higher temperature storage and load shifting in
devices other than HPWHSs. Additionally, the proposed change would create a more similar heat loss
rate independent of storage temperature. The current code proposes less heat loss at higher storage,
which only discourages higher storage temperatures.



