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I Introduction

In the Laclede Gas Rate Case GR-92-165' methods for separating gas usage between
water heating degree day related and other components for residential and commercial
customers were presented by both Laclede and the PSC Staff. Laclede employed a
methodology previously developed for residential and commercial customers described in
a document titled NAF Study? (NAF - Normal Adjustment Factor). In the same case the
PSC Staff® developed an altemative methodology. The Staff method estimated the impact
of daily mean Missouri River water temperatures on gas use for water heating by
regressing gas usage and Water Heating Degree Days (WHDD, Base 140°F). WHDD
were derived from Cumulative Air Temperature. Both methods used monthly billed therms
from subsets of residential and commercial customers. The subsets were created from the
billed therms for all residential customers on the general rate in July 1990 through June
1991. These customer's usage were screened using several criteria with the purpose of
selecting a subset of customers that were using gas for water heating but not using gas for
space heating. The NAF method uses this subset to calculate the ratio of annualized water
heating in July, August, and September to the entire year. The Staff regressed the subset
monthly usage and WHDD to estimate non-space heating usage per customer for
residential as well as for commercial. These regressions are then applied to all the
customers in the test year as an estimate of their non heating degree day usage.

This report reviews the NAF and Staff method from GR-92-165 and an engineering model
for residential customers from the Laclede NAF Study. An alternative engineering model
for residential customers water heating usage is also examined. It is based on a the
findings in a study by the Gas Research Institute that includes WHDD, physical
characteristics of water heaters, and customer demographics. All models are evaluated
regarding the assumptions required to apply their estimates in a weather normalization
procedure. The gas use components of all methods are set out in a spread sheet that
compares their usage components and an evaluation of these components is made. In
addition, the weather normalization results are compared including, a standard
methodology where the total usage is normalized only for Heating Degree Days (HDD).
The evaluation provides a detailed comparison of several aspects of the methods and
models.

“This report s on work of the Staff of the Missouri Public Service Commission. The views and
conclusions in this paper are those of the author and do not represent the Commission or Staff.
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A. Model Development

The Water Heating Analysis on page 8 of the NAF study presents an engineering model
of residential water heating that assumes that the use of gas for heating a given amount
of water is related to the temperature of the water. The Laclede Engineering Model uses
much more information than the NAF method in the calculation of the use of gas for water
heating. The equation in this model has Temperature Rise as a variable (i.e. this model
assumes that Therms/Customer per Month to heat a quantity of water are a function the
temperature of the water coming into the tank). The NAF in this analysis is the /ndicated
Water Heating NAF (NAFI). It is not the same as the General Rate NAF (NAFG) or
Heating Rate NAF (NAFH). The NAFG and NAFH on pages 6 and 7 include all non-
space heating therms, the NAFI on page 8 is only for water heating therms and
specifically is the ratio of Annual Temperature Rise to Annualized Summer Temperature
Rise because the other terms in the equation cancel. The equation assumes a usage of
2,400 gallons of hot water per residential customer per month. On a daily basis this is
78.9 gallons/day. Monthly Missouri River water temperature observations from St. Louis
County Water Co. main intake are used for the gas usage calculation.

For the Staff evaluation, rather than using monthly water temperature data, uses daily
data on Missouri river water temperatures taken by the U.S. Army Corps of Engineers
(USACE). Water Heating Degree Days (WHDD, Base 140°F) computed using mean daily
water temperature are used to estimate temperature sensitive gas usage for water
heating (Tables 1 and 2). Staff also evaluated a model of residential gas water heating
developed by the U.S. Department of Energy (DOE) and adapted in a study by the Gas
Research Institute (GRI) (Ritschard and Huang, 1989¢). This GRI-DOE method is an
engineering model similar to the Laclede Engineering model.

The Laclede Engineering Model and the GRI-DOE model are similar in form and only
differ in the values of the parameters. There is considerable information behind the
parameters given in the Laclede Engineering method. For the GRI-DOE Model the tank
temperature, water heater efficiency, and energy required per gallon heated are given in
GRI publication and verified in other sources including Wilson and Morrilf. The rate of
use of hot water per household is derived from survey information in the GRI publication
and census data on St. Louis® " (Table 3).
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Fow# 1 USACE USACE USACE USACE
2 Residential  Residental ~ Commercial  Commercial
8 Observed Normals Observed Normals
4 WHDD/Mo WHDD/Mo WHDDMo WHDDIMo
s Month ~ Base(140F) ~ Base(140F)  Base(140F)  Base(140F)
s Jul-90 1764 1824 1,769 1,832
7 Aug 1678 1637 1,675 1,636
s Sep 1771 1,880 1,773 1.873
o Oct 2,062 2,113 2041 2088
1o Nov 2,552 2,595 2540 2578
" Dec 2,906 3,075 2,891 3058
2 Jan-91 3,378 3357 3367 3352
1 Feb 3,071 3,130 3,080 3132
i Mar 2,878 2983 2,888 2,983
15 Apr 2475 2677 2491 2,691
16 May 2,158 2291 2173 2304
7 dun 1826 2,039 1,838 2,051
18 [AU: Annual 28,521 29,600 8,526 29,599
19| ASU: Annunalized Summer 21282 21,193 21297 21,187
20| NAFG Ratio (AU/ASU) 1.340 1.397 1339 1 3Q

TABLE 1

Observed and Normal Water Heating Degree Days 1992-93

Read Cycle, Customer Weighted, Dally Observations
U.S. Army Corps of Engineers, Missour River, St. Louis County

e #1 PR 4 5]

Row# 1 USACE USACE USACE USACE
2 Residential  Residental  Commercial  Commercial
3 Observed Normals Observed Normals
n WHDDMo ~ WHDDMo ~ WHDDMo  WHDDMo
s Month  Base(140F) ~ Base(140F)  Base(140F)  Base(140F)
s Jul-82 1,925 1,818 1861 1,821
7 Aug 1817 15648 1721 1,647
s Sep 2,029 1,855 1,835 1,848
o oct 2246 2,431 2,141 2,115
10 Nov 2677 2573 2579 2,55
" Dec 3,207 3092 3102 3075
2 Jan-93 3413 3352 3318 3346
12 Feb 3,168 3,150 3117 3152
“ Mar 3,107 2929 3,082 2,939
15 Apr 2,809 2,708 2816 2721
16 May 2317 2,290 2304 2,304
17 Jun 2,145 2,050 0 2,063
18| AU: Annual 30,861 29,588 30,056 zg,sﬂ
18 | ASU: Annunalized Summer 23647 21,094 22603 21,080
20| NAFG Ratio (AU/ASU) 1305 11403 1:330 1403

TABLE 2
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1958 City-County Data Census
House Hids| Persons Per Household

s City 178,048 2.49
St County 366,300 2.67
StL C&C 544,348 261]
Hot Watel
1980 Census St. Louis Metropolitan Statistical Area | Per Persor
Typeof | Number of] Gal per Day
Structure Units | (GRI-DOE)
1, Detach 598,296.0 One Unit 612,669
1, Anach‘ 14,373.0 Ratio 0.68 21.4
63,786.0 All Others 284,033 |
’ 3&3 64,621.0 Ratio 0.32 18.5
| 54 125,756.0
Mobile|  29,870.0
L Tp(i 896,702.0 ]

HH Gal/Day Hot = 2.61x 20.5 =

Gallperson/day —Gallons of Hot water per person per day

WHDD/Day  -Water Heating Degree Days per Day (base 140F)
Days/year Days per year

Persons/HH StL--Average Persons per Household in St Louis City and County
HH Gal/Day Hot--Average Household Gallons of Hot Water per Day

Btu/Gal F ~Energy required per gallon heated one degree F
MMBtu/Yr --Millions of Btu per Year
Therms/Yr  --Therms per year

Efficiency factor--Water heater efficiency factor

TABLE 3
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Load (Btu) =W x C, x (T; - T,) x 365 days (not adjusted for water heater efficiency)
W - average daily hot water use per person
DOE estimates 18.5 galiperson/day in muiti-family housing unit
and 21.4 gal/person/day in a single family housing unit.
Census estimates 2.61 persons per household, 68% single family,
32% multi-family estimated for St. Louis City & County.
GRI-DOE W, = 53.46 gal/household/day

C, - energy required per gallon heated
GRI-DOE C, = 8.25 Btu/gal/°F

E - water heater efficiency
GRI-DOE E, = .50

Ty - Tank Temperature (140 °F)
Same for both

Ty - Water Temperature
USACE daily Missouri River water temperatures

WHDD - Water heating degree days WHDD = 140 - T, (daily)

B - 100,000 Btu/Therm
An equivalent GRI-DOE model is formulated to use WHDD and incorporate water heater
efficiency. W,q is hot water use per customer (household), and the Load is expressed
in therms.
Annual GRI-DOE Load model with WHDD,, and Water Heating Usage (WHUy) in therms

W,o C,o WHDD,,

WHU, = e
o

W,, = 53.46 galiday (from W above), C,, = 8.25 Btu/galF
WHDD,, = 28,533 (study year July 1990 - June '91), Eq = .50
WHUg (Therms) = 251,67 Therms/yr




[image: image9.jpg]The model can be rearranged so given an annual Load (Therms) the corresponding W,,,
use per customer per day can be estimated.

GRI-DOE Daily Gal/Household

WHU, E, B
Wig = oo =0 3
C,. WHDD,,

From above: WHU, = 251.67 therms for the study year

W, = 53.46 gal/Household/day

To apply the results of the engineering model in a degree day normalization procedure
a coefficient in terms of therms/WHDD (r,) is calculated from the model.

WHUg = r x WHDD

.008824

To apply the coefficient to all space heating customers in the Laclede Division an
estimate of the saturation of gas water heating customers and gas space heating
saturation is needed. The coefficients r, is modified by the saturation proportion of gas
space heating customers with gas water heating (S=.96, from Union Electric 1992
Survey®) to produce the adjusted coefficient, kg.

ke = g X S = 008430
S = .96 (water heater saturation of space heating customers)

The model can now use WHDD on a daily basis so no separate adjustment factor such
as NAF is needed to separately estimate the non-summer months and the summer
months. Given the WHDD coefficient, the residual Base Load (constant) and coefficient

of HDD (X coefficient) are estimated using regression analysis (Table 4, Regression
Output).




[image: image10.jpg]The relationships in the equations related to the GRI-DOE Model are combined in a
Lotus® spreadsheet to demonstrate the interrelationship between the parameters,
coefficients and the results (Tables 4 and 5). The coefficients are in the second column
of Table 5, residual Base Load, (0.2528), WHDD (0.0085), Space Heat (0.1673). The
Non-Space Heating is derived from water heating use and non-water heating base load.
The Gal/Day/Cust are 51.45, because the customer numbers in Table 4 include all
residential customers (non-gas water heating customers as well as gas water heating).
The coefficients in column two of Table 5 are combined with the data on days and degree
days in columns three and four to compute the estimated components of the gas
consumed by the average residential space heating customer in the 1990-91 year
(column 7), and the annualized July-September non-space heating components (column
5). The first ratio in column 6, 1.340 is the annual water heating therms in column 7
divided by the annualized water heating therms in column 5. This is the same as the
ratio of annual degree days to annualized summer water heating degree days because
the other parameters in the equations cancel. The ratio equivalent to the NAFG is the
ratio of the non-space heating (residual base plus water heating use) annual use to
annualized July-September use, 1.225. Note that this ratio is necessarily less than the
WHDD ratio because a constant amount (the residual base load) is added to both parts
of the ratio. The normal WHDD and HDD in column nine are used to compute the normal
values for the components of annual usage (Column 10), the adjustments to 1990-91
consumption necessary to match the normal levels are in column 11, and the percentage
adjustments are in column 12. The overall adjustment is 13.0%. As will be seen other
values in Table 5 are not used directly in the computation but are calculated for
comparison to the other models and methods.

The following analysis demonstrates the structural equivalence of the Laclede Engineering
Model and the GRI-DOE Engineering Model.

C. Laclede Monthly Engineering Model

Load (Therms/Month) = (2,400 Gal x Temp Rise x 8.33 Lbs. per Gal)
(65% water heater efficiency x 100,000 Btu)

W - average daily hot water use per person
Laclede W, = 78.9 gal/household/day (2,400 gal/month x 12/365)
C, - energy required per gallon heated, Laclede C,, = 8.33 Btu/gal°F
E - water heater efficiency, Laclede E_ = .65
T, - Tank Temperature (140 °F)
Ty - Water Temperature, USACE daily Missouri River water temperatures
WHDD - Water heating degree days WHDD = 140 - T, (daily)
B - 100,000 Btu/Therm
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[image: image13.jpg]W, is hot water use per customer (household), and the Load is expressed in therms.
The Laclede monthly model is annualized and WHDD are used in place of Temperature
Rise. With these modifications the GRI-DOE and Laclede models will provide comparable
results.

Annual Laclede Load model with WHDD,, and Water Heating Usage (WHU,) in therms
W,, C, WHDD,,

WHU, =
A

W, = 78.9 gal/day
C,y = 8.33 Blu/gal/F
WHDD,, = 28,533 F
E = .68

WHU, = 288.52 Therms/yr

The model can be rearranged so given an annual Load (Therms) the corresponding W,,,
use per customer per day can be estimated.

Laclede Daily Gal/Household
_ WHU E B
",  WHDD,,
From above: WHU,_ = 288.52 therms for the study year

W,y = 78.9 galiHousshold/day

The Laclede Engineering model is applied similarly to the GRI-DOE model. A coefficient
in terms of therms/WHDD (r,) is caloulated from the model.

WHU_ = r_ x WHDD

PR
YTEB
1 =.010112

10





[image: image14.jpg]To apply the coefficient to all space heating customers in the Laclede Division an
estimate of the saturation of gas water heating customers and gas space heating
saturation is needed. The coefficient r_ is modified by the saturation proportion of gas
space heating customers with gas water heating (S=.96, from Union Electric 1992
Survey™) to produce the adjusted coefficient, k.

k. =1, X S = .009729
S = .96 (water heater saturation of space heating customers)

Both models can now use WHDD on a daily basis so no separate adjustment factor such
as NAF is needed to separately estimate the non-summer months and the summer
months. For the Laclede Division subset of customers the Laclede Engineering Model
gives an estimated use per household per day (78.9 gal) of hot water that is well above
the levels found in DOE (53.5 gal) and other surveys (See Ritschard and Huang*, 1989).
An engineering model may be appropriate until more data on the characteristics of
Laclede customers can be determined to refine the model.

Having demonstrated that the Laclede Engineering method and the GRI-DOE method can
be used to estimate the use of gas for water heating on a monthly, annual or daily basis,
normalizing water heating usage requires a set of normal daily Missouri River water
temperatures. Dennis Patterson of the Staff has developed a methodology to simulate
normal daily water temperatures. This methodology is described in a separate
document''. The adjusted coefficients from the models of water heating are used to
normalize for WHDD as part of the procedure in normalizing for HDD developed by Jim
Gray of the Staff. The results of normalization of residential customers for both WHDD
using k_and HDD in the analysis developed by Jim Gray are given in Table 6 for the
Laclede Division in 1990-91. The WHDD coefficient is specified at the top of column 7
(.0097292), the HDD coefficient is derived from the regression and is the X Coefficient
(.165591083) under Regression Output, the daily residual base load (excluding water and
space heating) is the Constant (.1742173).

The relationships in the equations related to the Laclede Engineering Method are similarly
combined in a Lotus® spreadsheet to demonstrate the interrelationship between the
parameters, coefficients and the results (Table 7). The coefficients are in the second
column of Table 7, residual Base Load, (0.1742), WHDD (0.0097), Space Heat (0.1656).
The Non-Space Heating is derived from water heating use and non-water heating base
load. The Gal/Day/Cust are lower, 75.9, because the customer numbers in Table &
include all residential customers (non-gas water heating customers as well as gas water
heating). The coefficients in column two of Table 7 are combined with the data on days
and degree days in columns three and four to compute the estimated components of the
gas consumed by the average residential space heating customer in the 1990-91 year
(column 7), and the annualized July-September non-space heating components (column
5). The ratio in column 6, 1.340 is the annual water heating therms in column 7 divided

1
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[image: image17.jpg]by the annualized water heating therms in column 5. This is the same as the ratio of
annual degree days to annualized summer water heating degree days because the other
parameters in the equations cancel. The normal WHDD and HDD in column nine are
used to compute the normal values for the components of annual usage (Column 10), the
adjustments to 1990-91 consumption necessary to match the normal levels are in column
11, and the percentage adjustments are in column 12. The overall adjustment is 13.0%.
As will be seen other values in Table 7 are not used directly in the computation but are
calculated for comparison to the other models and methods.

D. Evaluation

The GRI-DOE model and Laclede Engineering Model are equivalent in structure. The
values of the parameters are different because of assumptions about water heater
efficiency and customer behavior. These models have the advantage of being
independent of the regression to determine the response of gas use to HDD but separate
survey data are required to verify the parameter values. It also needs to be determined
if other unidentified factors not included in the model are influencing gas use for water
heating. One factor may be ground temperatures, which can change the water
temperature as it travels in pipes from the river intake to the customer. The engineering
models give more insight into the technical aspects of the use of gas for water heating

. Description of Laclede's NAF Methodolog

A. The NAF Calculation

The Laclede NAF study contains two methodologies for adjusting the use of gas for water
heating for colder river intake water temperatures in the winter. The primary method is
a proportional, minimum information method that is used to derive the General Rate NAF
(NAFG) and Heating Rate NAF (NAFH) for residential and commercial customers
presented on pages 6 and 7 of the study. The data inputs are monthly usage and
customers from residential and commercial general rate and heating rate customers.
Also, a subset of customers is selected using criteria that are designed to screen out
space heating customers but retain customers that use gas primarily for water heating.
This results in the selection of a subset of 995 from 466,743 residential customers and
248 from 24,124 commercial customers in the Laclede Division in the 1990-91 study (cf.,
Table 8) and 807 from 468,133 residential and 238 from 24,337 commercial in the 1992-
93 study (cf., Table 9). In both study periods Laclede selected subsets from the three
other Divisions and calculated a weighted average use per customer.

The NAFG for the subset of customers in the study year (sy) is the ratio of Annual Usage
(AU,,) (Therms per customer) to Annualized Summer Usage (ASU,)) for the subset of

14
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Analysis of Laclede NAF Inputs, Calculations and Ratios 1990-91

w2
ovuss onusem
Coumn #1 z 3 3 5 G 7 g )
Fow# 1 Lacleds NAF Study
2 Rosidontial ~ Commercial  Resiential ~ Commercial  Residential Commercial
a LaciDivSub  LaciDvSub LaciDvSub LaciDvSub  AIDvSub  AllDivSub
4 Res & Com Non-SH Non-SH Non-SH Non-SH Non-SH Non-SH
s Month Days Therms Therms  ThermsC  Therms/C
6 Jul-90 308 21,1053 148410 212 598
7 Aug 283 180223 131690 181 531
s Sop 305 215290 153454 218 619
s Oct 294 23,1486 17,1595 233 692
10 Nov 310 28,7900 21,4929 289 867
1 Dec 319 332779 251274 334 1013
2 Jan-91 324 39,9509 31,4078 402 1266
I Feb 302 338709 284835 340 1149
" Mar 304 34,1480 256732 343 1005
s Apr 304 30,1834 21,3078 303 859
I May 299 256987 186910 258 754
| Jun 305 222727 159211 224 642
18 AU: Annual Usage 3655 3319927 2485196 3337 1,0025
19 ASU: Annunalized Summer Usage 895 9950 2480 2489 7137
20 NAFG = AU/ASU: NAF-General Rate 1.341] 1.4047] 1369 1414
21 SWOP = All UIC - Pilot U/C: Summer Heating UG WO Pilot 261.41 750,08
22 NHAWOP = SWOP*NAFG: Non- 35049
21 Pw: Est. Piot UG Winter . 4936
24 Ps: Est. Pllot UIG Summer 895
25 AUHR = NHAWOP+PW+PS: Annual Usage Heating Rate
26 [ASSHU: Annualized Summer Space Heating
IAFH = AUHR/ASSHU: NAF-Heating Rate 1370] 1337] 1378

TABLE 8
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Analysis of Laclede NAF Inputs, Calculations and Ratios 1992-93

e
- Gomn #1 E 3 % 5 0 7 -
Row# 1 Taclede NAF Study
2 Residential ‘Commercial Residential ~ Commercial Residential ~ Commercial
3 Lacl Div Sub Lacl DivSub  Lacl DivSub  Lacl Div Sub All Div Sub All Div Sub
4 92-93 Non-SH Non-SH Non-SH Non-SH Non-SH Non-SH
5 Month Days. Therms Therms Therms Therms
6 Jul-92 306 16,624.2 14,089.6 206 59.2
7 Aug 285 14,283.9 11,8286 17.7 49.7
8 Sep 301 17,834.7 15,493.8 221 85.1
9 Oct 297 18,964.5 16,398.2 235 68.9
10 Nov 30.7 22,9995 20,468.0 285 86.0
" Dec 321 27,195.9 24,514.0 337 103.0
12 Jan-93 323 29,4555 28,7742 365 1208
7 Feb 304 28,164.3 27,8936 349 172
1 Mar 299 27,841.5 282744 345 1188
15 Apr 30.7 25,985.4 22,848.0 322 9.0
16 May 298 22,111.8 18,683.0 274 785
17{A Jun 30.6 19,126.9 16,874.6 237 66.7
18 AU: Annual Usage 365.3 270,587.1 245,140.0 3353 1,030.0
19 ASU: Annunalized Summer Usage 89.1 B07.0 238.0 247.5 713.0 .
20 NAFG = AU/ASU: NAF-General Rate 1.355 | 1.4446] 1384 1.48
21 SWOP = All UIC - Pilot U/C: Summer Heating U/ W/O Pilot 83;
22 NHAWOP = SWOP*NAFG: Non-Heating Annual U/C W/O Pilot 1,202.08
23 Pw: Est. Pilot U/C Winter (273 da) 13373
24 Ps: Est. Pilot U/C Summer (92 da) KL
25 AUHR = NHAWOP+PW:PS: Annual Usage Heating Rate 1,371.80
26 ASSHU: Annualized Summer Space Heating 974.93
27 NAFH = AUHR/ASSHU: NAF-Heating Rate 1.326] 1407 NA NA

TABLE 9





[image: image20.jpg].customers. Annual Usage is defined as the sum of the twelve billing month usage values
(Ui 12). Annualized Summer usage is defined as the sum of the use (U) in July,
August, and September (assumed to be over a period of 92 days) factored up to an
annual value (assumed to be over a period of 365 days). To avoid the weighting
procedure, in this paper the calculation is done only on the Laclede Division.

AU, =Y U,
o
= Days,
ASU,, = Y U, ”
Y ),; ' Days,q;
AU,
NAFG, o
5T,

The values for AU,,, ASU,,, and NAFG,, for the two study years 1990-91 and 1992-93 are
in Rows 18, 19 and 20 of Tab}es 8 and 9. The NAFG for non-space heating customers
is an intermediate step in deriving the NAFH for space heating customers - which are
over 95% of the residential and commercial customers of Laclede. The annualized
summer use per customer (ASU,,) is computed for all customers in the study year. Itis
adjusted downward for estimated furnace pilot light consumption (P) to derive summer
usage without pilot light consumption (SWOP,

SWOP,, = ASU,, - P

The NAFG is then used to estimate an annual amount of therms used for non-heating
annual usage without pilot (\HAWOP,), including water heating and other non-space
heating.

NHAWOP,, = SWOP,, x NAFG,,

The estimated pilot use is then added back to obtain an Annual Usage for Heating Rate
customers (AUHR,,). This usage is for water heating and other non-space heating use.

AUHR,, = NHAWOP,, + P
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[image: image21.jpg]The Annualized Summer Space Heating Usage (ASSHU,,) is computed from the summer
usage for all customers in the subset. The Heating Rate NAF is computed as the ratio
of the estimated Annual Usage to the Annualized Summer usage for the subset.

NAFH,, = AUHR,, | ASSHU,,

B. The Application of NAF to Weather Normalization

The NAFG derived from the subset is used to adjust the summer use per customer of the
space heating customers usage. The NAF method assumes that for a test year (ty) the
annualized summer usage per customer for all customers is to be muttiplied by NAFH,,
to determine the annual usage for water heating and other non-space heating (AUHAR,).

AUHR, = NAFH, * ASSHU,,

AUHR, is subtracted from annual total usage of heating rate customers (AU,) to obtain
the annual usage for space heating (AUSH,) that is to be normalized using heating
degree days (HDD).

AUSH, = AU, - AUHR,

C. Evaluation

In the Laclede study monthly usage per customer (therms/month) is used rather than
adjusting the reported usage to the days in the read cycles. The analysis in this report
adjusts usage for any period to therms/day for consistency and comparison. The NAF
method applies the NAFH ratio to all customers usage during the test year (April 91 -
March 92) as an estimate of their non-space heating usage. This method does not make
use of information on water temperature, surveys of water heating use, gas water heating
saturation, gas water heater efficiency, or demographics on customers (i.e. household
size or housing stock characteristics).

This method assumes that the annual use for water heating is proportional to the therms
billed in the months of July, August, and September. The Laclede application of this
method assumes that the proportional pattern of hot water use is constant between years
(i.e. it is assumed that the NAFH ratio from the subset is applicable to all customers in
subsequent years).

The ratio equivalent to the NAFG is the ratio of the non-space heating (residual base plus

water heating use) annual use to annualized July-September use, 1.257. Note that this
ratio is necessarily less than the WHDD ratio because a constant amount (the residual

18




[image: image22.jpg]base load) is added to both parts of the ratio. Compare this implied NAF ratio to the
NAFH (1.346) in Table 1. The fact that the NAFH is larger than the WHDD ratio indicates
that the methodology based on the subset of customers used may not yield valid results.

Inthe Laclede NAF Method the values specified are not coefficients but ASSHU,, (314.21
therms), NAFH, (1.337), and AU, (1,007.42 therms) (Table 10, second set of rows,
Columns 5, 6 and 7). The values lnr ASSHU,, and AU, for the Laclede Division for 1990~
91 are taken from the fifth column of Tab\e 8. The analysxs and results for the other
methodologies are shown in Table 10 in the same format as Table 7. ASSHU,, and
NAFH,, are used to calculate AUHR,, (420.09 therms in column 7), subsequently AUS
(587.33 therms). The implied coefficient of HDD (.1458) is computed by dividing AUS
by the HDD in the test year (4,029, column 4). The normal therms (693.60, Column 13!
are estimated by multiplying the implied coefficient by the normal HDD (4,758). This is
an increase of 106.27 therms (Column 14) from the test year, 18.1% (Column 15). The
NAF method assumes that the water heating usage is the same in the normal year as the
test year and there is only a small additional adjustment for days in the test year and
normal year (-.55 therms, column 14) In terms of total usage the 106.27 therm
adjustment is 10.5% from the NAF method (Column 15).

If the NAF method is modified to allow for water heating use to be sensitive to WHDD the
result is closer to that of the GRI-DOE Model and Laclede Engineering Model. The
Annual WHDD and therms and the Annualized WHDD and therms for July-September for
the residential customer subset are plotted in Figure 1. As shown, there is an implicit
coefficient of WHDD that can be derived from these points. This coefficient is used with
normal WHDD (29,600) to compute a normal adjustment to the test year (12.17 therms,
Table 10, third set of rows, Column 11). If this WHDD adjustment is included the normal
adjustment becomes 119.58 therms or 11.9% (Columns 11 and 12).

V. Regression Methods

A GR-92-165 Method

The other two methods that are evaluated are the method used in the 1992 rate case,
GR-92-165 Method (Table 10, first set of rows) and the Standard Method (Table 10, fifth
set of rows). In the rate case daily WHDD were estimated from Cumulative Air
Temperature. In this analysis WHDD are based on USACE observations, the same as
for the other methods, as defined above. The GR-92-165 Method uses a regression of
the monthly therms for water heating from the subset of customers in the study year with
monthly WHDD to estimate a coefficient adjusted for water heater saturation. In Table
11A, Laclede Residential Water Heating Subset '90-'91, the intercept term is not
statistically significant so it is specified as zero. The X Coefficient is adjusted for water
heater saturation (0.01124) and used in Table 11B, Regression Analysis of Billing Month
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[image: image26.jpg]Usage, (Table 118, Column 7, 0.011234). The predicted per customer gas use for water
heating using the X coefficient is subtracted from the use per customer per day (Column
4) before the coefficient of HDD is computed (Table 11B, Regression Output, X
Cosfficient, 0.16692). In the HDD regression the intercept was also not significant
statistically and was specified as zero. This results in an adjustment to normal of 131.28
therms, 13.0% (Table 10, columns 11 and 12).

B. Standard Method

The Standard Method specifies the coefficient of WHDD as zero and derives a coefficient
of HDD and base load. The estimated base load is 0.7883 and space heating coefficient
is 0.1788 (Fifth set of rows, Column 1). These are combined into a normal adjustment
for HDD (130.31 therms, 12.9%). This adjustment to normal is consistent with the
engineering models and the GR-92-165 Method.

C. Evaluation

The GR-92-165 Method assumes an independence between the regression of the subset
of water heating customers to estimate the WHDD coefficient and the regression of all
customers to estimate the HDD coefficient. The result that neither the intercept in the
WHDD regression nor the intercept in the HDD regression is statistically significant. This
indicates that non-space heating, non-water heating residential uses of gas such as
cooking and clothes drying are seasonal enough to be correlated with WHDD so the
residual intercept is estimated as zero. This results in a higher estimate of
gallons/customer/day hot water use than the GRI-DOE Model. The GR-92-165 method
may be preferred to the Standard Method. The Gr-92-165 method separates the water
heating se from the space heating use, but it may over estimate the water heating use
by including other seasonal use in the WHDD coefficient.

V. Evaluation for the '90-'91 Subset

As can be seen the percentage adjustments to normal are all relatively close (10.6% to
13.0%) (Table 10 column 12). The differences are in the therms allocated for water
heating and the per customer usage of hot water per day implied by the models. The per
customer usage of hot water varies from 51.45 to 75.91 gallons per day (Table 10,
column 8). The therms allocated for water heating in 1990-91 vary from 242.13 10 321.46
(Table 10 columns 7 and 13 and Figure 2). The percentage of base load allocated to
water heating varies from 10.7% 1o 27.6% (Table 10 Column 8). It is on the basis of
these differences in hot water use and allocation of base load to water heating that the
models may be evaluated. The nominal hot water use per household is computed using
the GRI-DOE model and demographic data on St. Louis from the Census and Union
Electric Residential Survey. For households with gas water heaters the estimated use
is 53.48 gal/day (Table 3, last line). Using the saturation of gas water heating customers
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[image: image28.jpg]among gas space heating customers (.962) the rate of use for all residential customers
is 51.45 galiday. This level of hot water use results in an allocation of 72.4% of the base
load to water heating. The other three methods have higher estimates of hot water use
and percentage allocation of base load to hot water use. Although the residual base load
(intercept term for WHDD) is far below the range of observation it can be another
indication of the reasonableness of a model. The GR-92-165 models has an intercept
0f0.1013. The NAF Adjusted Method has an intercept near the engineering models but
a higher estimate of hot water use. The engineering models (Laclede and GRI-DOE)
seem to have the more reasonable estimates. The only difference between the Laclede
and GRI-DOE models are the parameters of hot water use per customer, burner-tip
efficiency, and BTU/galr°F.

VI Methods for Estimating Commercial Water Heating Use

Because of the greater diversity of hot water use by Commercial customers, the
residential engineering model cannot be applied to commercial water heating. The
Laclede NAF Method for commercial customers is parallel to the Laclede NAF Method
for residential customers (Table 8, Column 6). It is a minimum information method
requiring no information on the characteristics of the customers. The NAF parameters
are in the second set of rows in Table 12. These are from the commercial customer data
base which has use by read cycle (Table 13, Column 11). The calculations are similar
to those for residential customers. Using the NAF method and normal HDD, normal
consumption is estimated (6,120.90 therms, Table 12, Column 13), normal adjustments
to the test year are computed (751.28 therms, Column 14), and percentage adjustments
to the test year are computed (14.0%, Column 15). The three non-engineering methods
are used to estimate normal commercial consumption using normal WHDD and HDD.
For the commercial customers the WHDD adjusted NAF method gives the an adjustment
of 802.14 therms, 14.9% (Table 12, Columns 11 and 12). The GR-92-165 method gives
the largest adjustment (847.52 therms, 15.8%) the Standard Modified Method using
percentage use allocations (25.8% for residual base, 74.2% for water heating) is lower
(788.68 therms, 13.8%) (Figure 3). The GR-92-165 method and the WHDD adjusted NAF
Method have estimated negative residual base loads (-0.8668 and -0.4767 therms/day)
(Table 12 and Figure 3). These negative base loads (intercepts) indicate that these
models are not correctly specified. The percentage adjustments of the WHDD adjusted
methods are relatively close, 13.8% to 15.8%. An end use study could provide
information on estimating the residual base and other characteristics of the commercial
customer’s use of gas for water heating.
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[image: image32.jpg]VII.  The 1992-93 Subset of Customers

A Subset Characteristics

After a meeting with Staff in November 1993 Laclede did an updated NAF Study'? using
July 1992 through June 1993 as the sample year. Because of the small number of
customers that met the criteria established to identify customers that had gas water
heaters but did not space heat (967 Residential and 244 Commercial, Laclede Division,
1990-91) Staff suggested that the same customer's monthly consumption be analyzed for
1990-91 and 1992-93. This would minimize variations other than weather differences
between the years. Analysis of the 967 customers in 1992-93 indicated that less than
half (458 Residential and 113 Commercial) met the screening criteria. It was not possible
to go back and analyze this smaller group’s usage in 1990-91 because the individual
records had not be kept with the study results. When the screening criteria were applied
to all customers in the Laclede Division for 1992-93 the customer subsets were 807
Residential and 236 Commercial. The origin of the customers in addition to those left
from 1990-91 i not clear. Itis not likely that the additional customers were new accounts
added after 1990-91. It is more likely that some that did not meet the screening criteria
in 1990-91 met the criteria in 1992-93. This brings these criteria into question. These
criteria do not consistently identify gas water heating customers that do not space heat
with gas. Thus, comparison of the 1990-91 NAF Study with the 1992-93 NAF Study has
10 be done with the caution that differences may be due to deficiencies in the screening
method, differences in the customers in the subsets, as well as differences in the HDD
and WHDD.

B. Residential

The data and results of the NAF analysis for 1992-93 (Tables 14 and 15) are close to
those of 1990-91 (Tables 8 and 9). For residential customers the NAFG increased from
1.38 to 1.40, and the NAFH increased from 1.35 to 1.36. This indicates that the NAF is
stable but not constant. Commercial customers show a slightly larger variation, the NAFG
increased from 1.45 to 1.49 and the NAFH increased from 1.40 to 1.45.

There are some differences in the results of applying the methods for normalization of
residential volumes in the 1992-93 test year from the 1990-91 test year (Tables 10 and
5, Figures 4 and 2). The intercept terms are all lower in 1992-93, and the intercept terms
for the GR-92-165 and NAF Methods are negative. The slope terms for WHDD and HDD
vary slightly in 1992-93. The HDD and WHDD are only slightly above normal in 1992-93
so the estimated adjustments to normal are all between -1.3% and -1.8% (Table 14 and
Figure 4).
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The variations in the results for commercial customers are similar to variations in the
results for residential customers (Tables 11 and 7, Figures 3 and 5). The intercept terms
for the methods are consistently lower in 1992-93. The 1992-93 HDD and WHDD slope
terms vary more from 1991-92 for the commercial customers than those for residential
did. The estimated adjustments to normal for the commercial customers are also small
in 1992-93 and vary only from -1.7% to -2.0% (Table 15 and Figure 5).

D. Evaluation of the 1992-93 Subset

The residential monthly per customer observations for the subsets from the two study
years, 1990-91 and 1992-93 plotted together illustrate the variation in between the two
subsets (Figure 6). Equations fit lines to the subset data (90-91 Predicted and 92-93
Predicted). These lines indicate the difference between the subsets in the two years. In
addition to the separate lines for each year an equation was fit to all observations using
a discrete variable that shifts the slope between the two years (20-91 and 92-93
Combined Slope Adjusted). As can be seen the plots of the Combined Slope Adjusted
equation overlays the plots of the separate equations. The variation between the
observations and the linear predictions may be due to the observations being reported
by bill cycle-rather than by read cycle. As indicated above some variation is because
the customers in the subsets are not inter-annually consistent in meeting the screening
criteria. These deficiencies i the data in these subsets indicate that better data are
needed. An end use study may be necessary to accurately quantify weather induced
variation in gas usage for water heating.

VIl Evaluation of the Methodologies for Residential and Commercial Customers for.
’90-'91 and '92-'93

Four criteria are identified to comparatively evaluate the six models of residential gas use
five of which quantify water heating (Table 16) and three criteria are identified to
comparatively evaluate the four models of gas use for commercial water heating (Table
17). Some criteria for the residential models are subjective and some are objective. The
score at the bottom of the column for each model is a subjective indication of the
performance of the model. The selection of the attributes as based on desirable
characteristics of the model. The first attribute, residual intercept, is the amount of gas
the model allocates for non-water heating, non-space heating purposes. For residential
models which compute this it ranges from .25 therms (28% of non-space heating gas) for
GRI-DOE in 90-91 to 0.006 therms (1% of non-space heating gas) GR-92-165 in 92-93.

The expected use is hard to predict without detailed end use data but an allocation of less
than 20% would appear to be low. For the commercial models, GR-92-165 has a
negative intercept and the NAF Days adjusted method is 0.2289 (7% of non-space
heating gas).
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[image: image39.jpg]Summary of Evaluation of Residential Gas Water Heating Models

—MODEL--

GR-92-165 | Laclede | NAF Days | Laclede | Standard | GRI-DOE
ATTRIBUTE NAF Adjusted Engineering Method Engineering
Residual low unknown ok ok unknown ok
Intercept
'WHDD Sensitive yes no yes yes no yes
Non-Space ok high high ok low ok
Heating Therms
Hot Water Use high high high high ok ok
per Customer
Normal ok low low ok ok ok
Adjustment
SCORE 3 0 2 4 2 5

SCORE criteria -- For each ATTRIBUTE, ok = 1, yes = 1, all other = 0

Summary of Evaluation of Commercial Gas Water Heating Models

TABLE 16

GR-92-165 Laclede NAF Days | Standard
ATTRIBUTE NAF Adjusted Method
Residual low (negative) |  unknown ok unknown
Intercept
WHDD Sensitive yes no yes no
Normal ok low low ok
Adjustment
SCORE 2 0 2 1

SCORE criteria -~ For each ATTRIBUTE, ok = 1, yes = 1, all other = 0

TABLE 17
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[image: image40.jpg]The second attribute, WHDD sensitive, indicates if the model of gas use for water heating
responds to daily, monthly and annual changes in WHDD computed from daily Missouri River
Water temperatures or is not responsive to changes in WHDD. For residential customers the
Laclede Engineering, the GRI-DOE, and GR-92-165 models postulate a short term response to
water temperature which is a desirable model attribute. NAF methods (2 & 3) are based on
customer subsets. The selection criteria used by Laclede to identify this subset are supposed
to be mutually exclusive to isolate water heating, non-space heating customers. However, a
comparison of the residential customers in the 90-91 subset retained in the 92-93 subset and
the customers in the 92-93 subset not in the 90-91 subset demonstrates that the selection
criteria do not adequately discriminate among customers. This pattern is also observed for the
commercial customers.

The non-space heating therms, the third attribute is evaluated in terms of the reasonableness
of the therms for those uses. For residential customers the GR-92-165, Laclede Engineering
and GRI-DOE models allocate 330 to 340 therms. The two NAF models allocate over 400
therms which seems high while the Standard Method allocates less than 300 therms which
seems low. This criteria is more difficult to evaluate for commercial customers, but the same
pattern appears. The NAF model therms are above the GR-92-165 and the Standard Method
therms are below.

The fourth attribute, hot water use per customer, indicates the reasonableness of the model in
terms of the gas the model allocates for water heating using the water heating efficiency
assumptions of the GRI-DOE model. The GR-92-165, NAF Days Adjusted, and Laclede
Engineering models which explicitly allocate therms for water heating are significantly higher than
the approximately 50 gallons/day per customer indicated by Rictschard and Huang’. The
Laclede NAF model does not allocate gas separately for water heating but the number of therms
allocated for non-space heating uses implies a hot water use in the range of the NAF Days
Adjusted model. The Standard Method allocation for non-space heating implies a lower hot
water use but not unreasonably low. Because commercial customers are not homogeneous as
residential customers this criteria is more subjective for the commercial models, but the same
pattern is seen.

The Normal Adjustment Amount, the fifth model attribute to be evaluated, is how many therms
is the model adjusted to normal WHDD and HDD. In 1990-81 the adjustments are sizable. For
residential customers, the GR-92-165, Laclede Engineering, Standard Method and GRI-DOE all
increase usage by about 130 therms. However, the Laclede NAF reduces by 106 therms, the
NAF days adjusted ratio method by 108 therms and when the coefficient is used 120 therms.
The NAF model adjustments are relatively low. In 1992-93 the HDD adjustment to normal is
much smaller while the WHDD adjustment is about the same magnitude as the 90-91 but
negative. The GR-92-165, NAF Coefficient, Laclede Engineering and GRI-DOE adjustment is
about -30 therms. The Standard and Laclede NAF are about -20 therms. The WHDD
adjustment causes the NAF Days Adjusted model to be comparable to the engineering models.
The models for commercial show a similar pattern with the NAF models having smaller
adjustments in both years than the other commercial models.
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The evaluations of the models and methods compare the residual base loads (intercept terms),
coefficients of WHDD and HDD, average gallons per day of hot water usage per customer, as
well as the percentage adjustment to normal associated with the methods. The NAF method
is superficially simple, using a ratio to compute the gas used for heating water in a test year.
However, as is seen in the equations describing the process, there are numerous steps and
assumptions in its development and application. Computing the WHDD coefficient implicit in the
NAF method brings the adjustment to normal closer to the adjustments of the other methods.
The GRI-DOE Engineering Model is equivalent to the Laclede Engineering Model and these
models give more reasonable results compared to other methods. This is not a solution for the
Commercial customers in its current form. It will have to be developed for more diverse

applications.

As stated above the 1992-93 NAF study contained some useful information but also raised some
questions about the screening process. Many of the questions raised by the Laclede NAF Study
and this report will likely only be resolved by an end use study of gas customers.
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