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1 Executlve Summary

This papcr explains the -analysis and development of a better model for estimating heating: loads, and
for normalizing actuals for comparison to forecasts. The model was developed through an extensive
investigation into the relationship of the conventional heatinig-load model based on hﬁ:atmg degree.
days calculated from an outside temperature of 18°C to actual observed heating loads using load re-.

~ search customer sample data and detailed analysis of historical customer billing data. This new
model is calibrated 10 the observed relationships between temperature and heating using customer
billing data, rather than using an assumned relationship based on a temperanire base of 18°C. The cal-
culated baldrice points developed from customer billing data were compared to the balance points us-

" ing load research sample data for conﬂrmanon of the proposed method.

This. proposed method is called the balance point method. This refers to the fact that rathcr than as-

' surning a heating Joad starts at 18°C, the actual temperature at which heating load occurs is caleu-
lated from billing records. This analysis has no impact on the Ontario Energy ‘Board's approved -

_ degree days forecasting methodology, it only varies the sales response to those: degree days.

_ Analysis of custorner bills and load research customer data by the three weather zones found that
each zone has unique balance points of 14.8, 14.6, and 15.3 for Central Zone, Eastern Zone and
Niagara Zone respectively. These balance points are more appropnal;e for estimating heating loads
than using an assumed base of 18°C.

2 Introduction

The Company regularly reviews its procedureb for sefting volumetric forecasts and normahzanon of
actual volumes to those fcrccasts in its ongoing effort to improve. Heating demand is currently esti-
mated and normalized using the classic engipeering model for heating end uses. This model assumes -
" that the dﬁmand for heat increases umfermly as the temperature drops below 18°C. Techmc;al litera-.
ture' suggests thar this is not ‘necessarily so, &nd refinements can be developed to improve the per-
formance of the heatmg load model :

SHRAE Handboo jundmgmalg STEdition. (ISBN 0-910110.57 3), American So-
cxety of Hcatmg, Refngeratmg, and Air Conditioning Engineers, Inc. Adlanta, Ga. ch. 28

0 Volume 4, Environment Canada, Atrnosphenc Envx— ‘

ronmcnt Scrv:ce Ottawa On
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Advanccs in technology have enabled the Company to research the appropriateness of the model and
propose improvements to it. This research was undertaken by the Load Research section of the Rates

~ department and has been enabled through end-use metering. The result of this work is a stansuaally '
adjusted engmeermg rnodel calibrated to the different heating markets. :

3 The Heatmg Load Model

The conventional heanng load modcl is a sxmple linear model founded on the basic encrgy ﬂow
equation:

0= UAE o)

In this equation, the quantity flowing @ is equal to the product of a constant value U and an energy
dxffereutml AE. This equation underpins many basic behaviours, such as electrical flow through
wire and gas ﬂow through pipe. Such equatlons are called linear for they explam increases in flow as
‘a uniform response to increases in the energy differentials. That is to say, in a gas distribution pipe,
flow will uniformly increase as the pressure differential increases.

Applying this equation in a simple manner to heatirig load, the equation becomes:
| - | Q= UAT (2) |

Where: Q is the quantity of gas demanded
| Uis a constant |
AT=(1,-T) 3)
and; T, is the insidé temperature of a building

© T, is the outside ternperature of a building

This equation 2, the hcal:mg load model expresses hearing load asa hncar relationship with the tem-
perature differential (7;- T,). With such a model, the increase in natural gas usage will be the same
for a tempersture change from 8°C to 7°C as for a change from -8°C to -9°C. The model is con-
strained so that @ =0 for T, greater than 7, .

4 Analysis of the Model

The model expressed by equation 2 conceptually is 2 relationship between average natural gas de-
mand for heating use per temperature and temnperature. - This analysis of the model, and suggestions
for improvements, is based on understandmg its two components, the vanable temperaturc differen-
tial AT, and the constant U.
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Through load research the outside temperature and furnace load can be mdependenﬂy observed and
from those observanons mprovemcnts have been suggested.

The Temperaéure Dtﬁ"erenb,al

The temperature differential, when calculated on a differential rcferenced 0a standard base tempera-
ture, is called heating degree days. Heanng degree days is a measure of coldness and takes into ac-
count that resistance to heat flow out of a building is impeded by the insulation in the building's
envelop. It has been historically assumed at Consumers Gas that because of insulation, an outside
ternperature below 18°C is needed for heating load demand. Thus degree days are calculated from
18°C rather than from the inside temperature of a structure as stated in equation 3. This means that,
on a day when the outside temperature averages 17°C, one degree day is calculated:

T’he temperature below which heating load begins is referred to as the balance point. This' refers to

the fact that the energy flows into and out of the structure are in balance: no additional heating i is re-

qmred to maintain the inside temperature.

T ke anstant

For a specific building, the constant will reflect that building's heat energy efficiency, and the charac-

teristics of the use of the building. For example, the energy efficiency of a horne will reflect, among
" other things: the efficiency rating of the furnace, the level of maintenance of the fumace and the
building code, which is a reflection of the standard for insulation to which the house was built. For
the same home, characteristics such as: thermostat semng number and age of cccupants, and size,

number, and level of use of other sources of heat gain (stoves, showers, other &pphanccs) are typical

factors that affect the constant, Although these factors can change, it is assurned in the model that,
-for the period of time a.nalyzed they do not change to any significant degree.

The constant fa’cﬁor‘ is called the 'iaverage ;uée per degree day".

,Obser’vat‘wns ' F; ure 1.
Observations of sample data on fumace - Furnace Load vs Temperature
loads from load research show that the as- - ‘ o
sumption: natural gas demand for heating is E- ‘
linear with temperature, is essentially cor- E3L
rect as illustrated in Figure 1. In this figure § 25 '"-d}_v 4 -
the actual average furnace Joads from a 52 }f"%’f*'éﬂ% o
sample of customers with end use mctemngk _ .40 Hﬂﬂ 4
- is shown! In this plot the observed range E sl H‘H% 1y
‘between the average highs and lows for fur- E 26 -8 138 5 4 3 7 1115 19 TR,
[re : . Temperaturg ‘C

nace loads at each temperaturc are illus-

. trated as well as the means. _ Max
k ‘ fMean
By observing the means, a near linear pro- . Min -

gressmn of mcreased fumace load as the Note: Dara based on a sample of Central Zone
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tempcram:c declmes can be seen. 'I*h;s actual relanonshlp lends support to the assumption employed
in the model that use is linear with respect to temperature. :

However, this graph also illustrates that heating load esseﬁmlly becomes zero around 15°C, as op-
pesed to 18°C, as assumed for the purposes of dctcrmmmg heating degree days in the model. This -
~ shows' that the modsel should employ a balance point other than 18°C.

Figure 2 presents this ,lartér‘

point from a use per degree day p;gum 2
perspective using load research
* data of actual customer heating Heaﬂng Use per Degree Day
demands. This figure is a plot ' ‘
of the average usc per degree v vs Tempemmre
~day arising from the sample. - '
The research data indicates that 8 !
use per degree day is close to g 08
constant when & balance point - § 0.6
of 14.8 degree days is used. & o4 S e
© When 18°C is used to deﬁne the T ozl KYAY
, balzmc?e‘ point, the results are not ‘g "0‘ ; o S
constant. 2 28 8 a3 8 5 1 3 7 11 15
: Temperature ‘
These observations displayed in : " paiates Peint Tradit R ‘
fi elandﬁguraz which are ' alance Point Tradiiond
. dged from the actual moni- .- PRuMs DD
tored uses, illustrate that 2 bal- ~ Note: Data based on a sample of Central Zone

ance point of 18°C 'is an

incorrect ‘assurnption for the av-

erage heating response, and will therefore lead t0 a model that is not as accurate as it would be with a
more appropriate balance point. This is because response is non-linear when referenced from 18°C.

5 Recommended ‘Mbdel'Reﬁnémént

_ Bascd on the above observations, analysxs was undertaken to dcvelop a method that would yield a

- more linear reslatmnship between consumption and degree days This dnalysm resulted in a method
whereby heating responsive degree days reflect the observed balance point in the Companys mar-

kets, yielding a near linear relationship between use and temperature. This method is referred to as
the balance point methodology. A methodology was developed to implement this approach to the
forecasting and normalizing processes of the Company. The proposed methodology does nor change

 the Ontario Energy Board's approved weather forecasting methodology. It merely cha.nges the as-
sumed temperature at which heating load will be estimated to begin.
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Balance Point Degree Days

The recommended refinement is called the balance point degree day method. This method uses his-

' torical customer billing data to calculate the correct balance point and the appropriate constant - the
average use per degree day. The method is a simple iterative process where a regression of average
use versus teraperature below an assumed balance point is compared to another similar regression.
The difference between the two regressions is that the assumed balance point is-lower in one than the
other. - As the assumned balance point drops from 18°C, the relationship between heating load and
temperature becomes more linear. When the relationship specified in the regressions begins to dete-
riorate, the balance point in that equation is then considered to be below optimal for the market and
no further reductions are regressed. At this point the optimal balance point for the purposes of deter--
mining degree days has been found. The correct balance point is the balance point for the regression
with the best fit. ‘ ' ' :

Heating loads by weather zone were developed from analysis of historical customer billing data and
compared to the recorded zone weather for the billing period. Significant differences in average bal-
ance points were found between the three Zories: Central, Eastern and Niagara. “Table 1 lists the pro-
posed balance points by Zone:. - - :

Table I ' ;

Proposed Balance Points

These points are the weighted average balance points for the last five years. They will be reviewed
annually and as long as the balance point remains within two standard errors (which is approximately

+ 0.3 °C), no change to these balance points will be proposed in future applications. Only when the
five year weighted average of a balance point falls outside this range will & change be proposed. This

appmach has been confirined as stable and reasonable through historic analysis over time. A

Average Use per Degree Day
The development of average use per degree day is based on historical customer billing dat& Annual-

heating use developed from customer billing data divided by incurred degree days derives the aver--
age use per degree day. .
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Figure 3 is 2 plot of average use per de-
gree days versus degree days based on

18°C using customer sample data. The
range between the upper and lower sam-
ple accuracy bounds at 95% confidence
are indicated, The means are also indi-
“¢ated on this plot. This curved plot
shows that when heatmg load is assumed

to start at 18°C, a non-linear relationship

exists between use per degree day and
degree days. The average value is
0.66 m?® per degree day and is illustrated
by the horizontal line. As can be seen,
_the constant, or average, will over est-
mate at some temperatures and under es-

timate at other. Such a relationship will

cause estimating and normalizing prob-

lerns unless it is taken into account in

" some other less statistical fashion.

‘ Fig‘ure 3
- Use per Degree Days vs Degree Days
~ (Degree Days base 18°C)
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thq: Data based on a sample of Central Zone

Figure 4 is a similar plot to that of thure 3. Itisa piot of the obscrved rclanonshlp usmg customer
sample data between use per degree days and degree days with the balance point method. In this plot
the average is 0.83 m? per degree day and is illustrated by the horizorital line. The plot indicates &
near linear average use per degree day. The vanauons about the rmean can be explained largely by:

other weather factors, such as wind and
sunshine, diversity - of individual cus-
torner behaviour, and geographical rela-

tionship between the weather station and -

‘the customer. These factors are not ex-
plicitly taken into account by the model.
Additional work is underway to expand
the model to include other weather
factors.

- Another factor that contributes -to the
variations is that the sample data em-

- ployed in these figures covers the period -

from Oc:tober 15, 1992 to January 19,

1994, As a result, for some tempera--

" tures there are few days to observe cus-

tomer demands. Because of this, other
factors play a larger role, for an average -
range of effects of the other factors is

not  available. However,  the

Fi igure 4

Use per Degree Days vs Degree Days

Note: Data based on a sample of Central Zone

(I}egrec Days base 14. 8°C)
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improvement in telationship.~b¢tween average use and temperature is claarly'obsérvable when 14.8°C
is used for the balance point. ' - ‘

" By reducing the balance point, the number of degree days utilized to explain heating decreases. It is.

therefore axiomatic that by using the balance point spproach, average use per degree days increases

from that based on 18°C. This explains the increase in average use per degree days between the two
methods illustrated in figure 3 and figure 4. ‘ L | ‘ '

The effect of this 'is,i that, on days when the temperature vispredicted 1o be 16°C or 17°C, no heating

‘volumes are being estimared by the model. This is supported by the observations of Figure 1. It is

equally true that when temperatures are very low, greater sales will be estimated. Figure 2 confirms
that this is an appropriate relationship as well.

- Weather Forecast

The Company's weather for;casﬁng method is not being changed. The Company has found this

" method to be a good means for forecasting weather and the Ontario Energy Board has reviewed and

approved the method in the past. The forecasted annual degree days developed from this method are

base 18°C, and are developed consistently for each of the three zones. The proposed method applies

the calculated balance points to the day-by-day degree day distribution throughout the year by zone

 that is developed from the approved forecast, and calculates the number of degree days falling below
the respective balance points. This is performed by weather zone. : o

6 Testing the Balance Points

To test the reliability of .tbe approach, that is the billing systern analysis will produce reasonable bal-.

ance points, load research sample data was analyzed to see if the average balance points developed
~ from the billing data were statistically within the estimated range of the sample. Table 2 illustrates

the results. .

Table 2

137-149

143-154 |f

The period for comparison in this test was January 1, 1993 to December 31, 1993 as opposed te the
fiscal year of October 1, 1992 to September 30, 1993 which is a component year of the development
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of the balance points presented in Tablc 1. The sample data indicated are the upper and lower accu-
racy bounds at 95% confidence. This means that the actual balance points of the heating markets
will fall within these ranges determined from sampling 19 out of ZO times. This tahle shows that the

billing analysis resulted in balance points within that sample range. ’I“’hus using billing data is a rea-
sonable approach for determining balance points. :

By comparing the sample range in Table 2 to the proposed balance points in Table 1, it can be seen

that the balance points using a five year weighted average based on fiscal years is within the sample

range from calendar 1993. This indicates that the five year wcxghted balance points calculated from
“billing data is a reasonable and stable means to cahbr?m the heating model.

7 Recomﬁlendaﬁ;ticns .

It is recommended that the basic engineering model for determining heating load using an estimated
18°C as the point at which heating load begins be replaced with a statistically adjusted engineering
model which calibrates balance points to the various heating markets by zone. The effects of doing
so will be better forecasts and better normalizations. This is due to the fact that models calibrated to
.acmal customer uses from billing data better reflect customers' behaviour.

The. Company s current method for forecasting degree days based on an approved method by-the On-
tario Energy Board is to continue. That forecast is to be used to determine the number of degree days
occurring at temperatures below the balancc point calibrated by zone for the forecast year, nsmg a
simple mathernatical calculanon

Analysis should continue to dcvelop a means to incorporate other factors such as other weather
measures.



