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Abstract

As part of the LoanSTAR program, Stroman High School in Victoria Texas underwent

two retrofits: a) an absorption chiller was changed to an electric vapor compression

chiller, and b) an EMCS system was installed after about 5 months in the post retrofit

period. Moreover, retrofit savings calculation was complex since pre-retrofit data

consisted only of monthly utility data while hourly monitored data are available for the

post-retrofit period. The retrofit savings in electricity and gas were computed by two

different approaches: Unnormalized Utility Bill Comparison and Weather and Schedule

Normalized Utility Bill Comparison Using Post-Retrofit Daily Models. (For purpose of

simplicity, in this report, we will refer them as Level-0 and Level-1, respectively.) This

report describes these approaches and discusses how well the retrofit savings predicted by

both approaches compare with each other. It also describes the procedure for determining

demand savings.
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1. Statement of Problem

The procedure adopted in the LoanSTAR program to compute retrofit energy savings is

to identify a pre-retrofit statistical model and use this model to predict daily energy use

under post - retrofit climatic conditions (Kissock et al., 1992). Subsequently, the savings

over a certain period are estimated as the sum of the daily differences between the model-

predicted daily value and that actually measured in the post-retrofit period. The entire

procedure involves having both pre-retrofit and post-retrofit daily energy consumption

data. However, there are situations when only post-retrofit daily consumption data are

available, i.e., we do not have measured pre-retrofit daily consumption data. In such

cases, one possibility is to use a simplified system model approach (Katipamula and

Claridge, 1992). Another approach is to use pre-retrofit utility bills to develop a statistical

model, and use the model to predict energy use under post-retrofit climatic conditions, and

hence, identify savings. PRISM (Fels, 1986) is such a procedure and works well for

residential buildings. However, for commercial buildings, schedule is a key factor that

affects energy consumption. So it is unlikely that PRISM will be appropriate for

commercial buildings.

There are situations when another type of problem arises: the retrofit involves a change

in energy type. For example, in the pre-retrofit period, gas could be used for both heating

and cooling, while the retrofit involved a change from the absorption chiller to an electric

chiller (i.e., an absorption chiller is used). Thus, in the post-retrofit period, gas is used

exclusively for heating , and electricity is used for both cooling and lighting.
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In this report, we present two preliminary methods of dealing with the situation, where the

retrofit involves a change in energy type and when no daily pre-retrofit measured data are

available. One approach is the Unnormalized Utility Bill Comparison Approach, or the

Level-0 approach, which involves directly comparing the pre-retrofit and post-retrofit

monthly utility bills without consideration of any climatic differences between the pre and

post-retrofit period. The other approach is the Weather and Schedule Normalized Utility

bill Comparison Using Post Retrofit Daily Model, or the Level-1 approach, which involves

developing post-retrofit models from daily measured data and using them to predict

energy use under the pre-retrofit climate conditions. Both approaches are applied to the

LoanSTAR site Stroman High School (SHS) in Victoria, Texas, in which (1) pre-retrofit

data were not available , and (2) an absorption chiller was replaced by a vapor

compression chiller.

2. Description of Site

The LoanSTAR site under study is Stroman High School (SHS, site 126), located in

Victoria, Texas. Schedule plays a very important role in the energy consumption pattern.

There are clear distinctions between school days (April and May) and non-school days

(June and July), daytime and night time as can be seen from the daily and hourly electricity

use patterns shown in Fig. 1. and Fig. 2. The building schedule is 8:00 AM to 5:00 PM,

Monday through Friday. Usually, the chiller is turned on at 7:00 AM and turned off at

4:00 PM, and is completely turned off on weekends. This was done manually before an

EMCS retrofit was installed in January 1992. The schedule has been controlled by the

EMCS ever since. The fall semester generally starts in late August and ends in late

January. Spring semester starts in late January and ends in late May. Figure 3 shows plots

of the daily electricity and gas consumption from August 1991 to August 1992, which

corresponds to the post-retrofit period.
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Fig. 1 Plot illustrating differences in electricity consumption during periodswhen school is

in session and when it is out of session

Fig. 2 Plot illustrating differences in electricity consumption from daytime to nighttime
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There were three retrofits in SHS. The first was the chiller replacement retrofit: the 414

ton absorption chiller was replaced by a 460 ton electric centrifugal chiller on August

1,1991. The second was the Energy Management and Control Systems (EMCS) retrofit,

whose installation was completed on January 31,1992. The EMCS retrofit reduced the

chiller operating hours, as described earlier. There was also a lighting modification at

SHS, which was completed on January 31, 1992, at the same time as the EMCS retrofit.

Note also that SHS had rooftop air-conditioning units which were not affected by the

retrofit.

The audit report shows an electricity energy saving of- 160,986 KWh/yr, (i.e. a surplus

consumption), electricity demand savings of-1,908 kW-Month/yr and a gas energy saving

of 11,706 !MCF/yr. The avoided cost are $ 0.02944 for electricity energy,

$ 13.52/kW-mo for electricity demand and $ 4.07/MCF. The total net savings are

$ 17,108/yr.

In the post-chiller replacement period, gas is used only for heating ; so there is a saving in

gas use. However, in the post-period, more electricity is used for driving the electric

chiller, and so the electricity savings should be negative.

After installation of the electric chiller, the electricity consumption went up. However,

because of higher electricity use, Stroman High School was able to switch from Central

Power & Lighting (CP&L) electricity rate structure 32, which is Lighting and Power

Service, to rate structure 44, which is Industry Power Service, and has a lower unit cost.

This aspect is described at length in Section 4.

XMCF stands for 1,000 cubic feet.
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We will call the pre-chiller replacement period as period 1 (till August, 1991) ; the post-

chiller replacement & pre-EMCS period as period 2 (from August 1991 to January 31,

1992); and the post-EMCS retrofit period as period 3 (after January 31, 1992). For

period 2 and period 3, we have daily and hourly measured consumption data of gas whole

building electricity and chiller electricity as well as monthly utility bills for whole building

electricity and gas. But for period 1, other than the monthly utility bills for gas and

electricity, no measured data were available.

Fig. 3 Measured daily gas and electricity consumption from August 1991 to August 1992

which corresponds to the post-retrofit period

3. Energy Savings

3.1 Unnormalized Utility Bill Comparison
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The Unnormalized Utility bill Comparison or Level-0 calculation involves directly

comparing the monthly utility bills of the pre and post-retrofit period correcting for

differences in the weather during these periods; any differences in schedule between these

periods are taken to be a result of the retrofit itself. It would be appropriate to start by

comparing the weather conditions during these periods. If the weather was similar during

the pre and post-retrofit periods, then this Level-0 comparison is somewhat justified.

Daily average temperature of Victoria were obtained from the National Weather Service,

and the temperature condition of period 1 to period 2 and period 3 were compared on a

daily and monthly average basis. Figure 4 shows that the daily temperatures between pre

and post-retrofit period on a descending order are almost identical, and Fig. 5 indicates

that the difference of the monthly average temperature for most of the months is within 2

F.

Fig. 4 cumulative frequency curves of daily ambient dry-bulb temperature of pre and post-

retrofit periods. The curves are almost identical indicating that both periods have similar

temperature patterns
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Temp comparison of pre & post

Fig. 5 X-Y plot between monthly mean ambient temperature during pre and post retrofit

periods

Thus, since the pre and post-retrofit temperatures are close, we think that the Level-0

approach, preliminary as it is , can be used as a rough indication of the retrofit savings

results.

There are two types of utility bills for the school site: Electricity (kWh) and Gas (MCF).

Electricity was used for lighting, roof-top air-conditioning units and the air handling units

in the pre-retrofit period, and also for driving the electric chiller in the post-retrofit

period. Gas was used for cooling and heating in the pre-chiller replacement period and

has been exclusively used for heating after the chiller replacement. The billing cycles for

Gas and Electricity are out of phase, (i.e. the gas bill is synchronous to the calendar

month, while the electricity bill is from mid-month to mid-month). Thus, to do the Level -

0 comparison, the monthly utility bills had to be synchronized. This was done by (i)

dividing each monthly energy use by the number of days during the billing period to get a

monthly average daily consumption, and (ii) summing these average daily consumption

values on a calendar month basis to get a total use for each calendar month. In this way
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the monthly utility bills for both gas and electricity were made to match the calendar

month. Figures 6 and 7 depict the results of the monthly savings of SHS using the Level -

0 comparison. The figures show that there were gas savings during this period while the

electricity savings were negative.

3.2 Normalized Utility Bill Comparison

The metering of SHS began in August 1991, so we have hourly and daily measured

consumption data for the post-chiller replacement period. We have identified two kinds

of statistical models, one for Electricity and one for Gas using daily consumption data in

period 2 and period 3. ( These models take into consideration the differences between

weekdays & weekends, school days & non-school days, summer operation modes, etc.).

Table 1 is a list of the electricity models while Table 2 is a list of the Gas Models. The

functional form chosen is the Four-Parameter (4P) model that is of the type:

E = al + a2 * (Temp-a4) * kl + a3 * (Temp - a4) * k2,

where al, a2, a3 and a4 are regression coefficients whose values are listed in Table 1,

E is the predicted energy consumption,

Temp is the ambient average daily temperature,

kl = 1 and k2 = 0 when Temp =< a4, and

kl = 0 and k2 = 1 when Temp > a4.

The regression package provides a means of statistically determining whether a particular

regression coefficient is significant or not. Hence in certain cases, a Two Parameter model

(2P), or even a One Parameter models (i.e. a mean model) have been found to be more

appropriate.
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SHS LO ELEC SUMMERY(08/91/07/92)

Fig. 6 Electricity Savings Summary Using Monthly Utility Bills (08/91 - 07/92).
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SHS LO GAS SAVINGS SUMMERY(08/91 -07/92)
1800-

1600-1

Fig. 7 Gas savings Summary Using Monthly Utility Bills (08/91 - 07/92).
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Figures Al - A6 are scatter plots showing how well the various models fit the data. These

models were used in the pre-chiller replacement period (August 1990 to July 1991) and

the daily energy consumption for each day of the period was calculated using the daily

temperature values of that period. The savings are the difference between the monthly

utility bills (August 1990 to July 1991) and the monthly energy consumption, estimated

by summing the daily values predicted from the statistical models of period 2 and period 3

using daily temperature data of period 1. As discussed earlier, the temperature conditions

in the pre and post-chiller replacement period were similar, and thus these savings should

approximate the savings in the post-chiller replacement period.
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Table 1 Post-retrofit electricity regression models based on daily measured data

* WD ~ Weekdays

* WE - Weekends

To perform the Level-1 calculation, the gas and electricity monthly utility bills were also

synchronized with the calendar months, and the estimated daily consumption for each

month was then subtracted from the utility bills in order to be consistent with monthly data

chosen for Level-0 calculation. Figure 8 is the result of electricity energy savings while

Fig. 9 is the result of gas energy savings.

13



SHS L1 ELEC SUMMARY(08/91-07/92)

LJLJ

Fig. 8. Electricity Savings Summary Using Normalized Comparison Method (08/91 -
07/92) v
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SHS L1 SAVINGS SUMMARY(08/91-07/92)

Fig. 9. Gas Savings Summary Using Normalized Comparison Method (08/91 - 07/92)
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Table 2 Post-retrofit gas regression models based on daily measured data

3.3 Comparison of Unnormalized and Normalized Comparison Methods

Results of electricity and gas savings (in energy units) from both Levels can be

conveniently compared by inspecting Figures 10 and 11. We see that the comparison is

good for most months thereby giving us confidence on the retrofit savings determined at

SHS.

4. Demand Savings

4.1 Demand Savings Calculation

The electricity charges basically consist of the energy charge and the demand charge. No

such demand charges are levied for gas consumption. Electricity energy use has been
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COMPARISON OF L1 AND LO(GAS)

Fig.10 Gas Savings Comparison of Normalized and Unnormalizcd Comparison Method
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COMPARISON OF L1 AND LO FOR SHS (ELEC)

Fig.ll. Elec. Savings Comparison of Normalized and Unnormalized Comparison Method
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considered in the previous sections, now let us turn to electricity demand. The demand

charge is typically based on the highest demand in the billing period, generally determined

as the maximum electricity consumption in kWh/hr or kW during a 15 minute period. Due

to the change over from an absorption chiller to an electric chiller, the electricity

consumption increased, and so did electricity demand. There is thus a negative demand

saving, or demand penalty for SHS. Demand values are based on the billing period while

energy values are adjusted to calendar months. The demand savings are calculated as:

Demand savings (kW-mon) = Pre-Demand (kW-mon) - Post Demand (kW-mon)

where Pre-Demand — the monthly electricity demand in the pre-retrofit period;

Post-Demand ~ the monthly electricity demand in the post-retrofit period. Note

that both of the demand values are obtained from the monthly utility bills without any sort

of weather correction. The approach adopted here is thus akin to the Level - 0 approach

for energy savings' calculation.

Since there was a change of rate schedule, demand cost savings' calculation needs to

include this difference explicitly. This is explained below.

4.2 Description of Rate Schedules

The electricity used by SHS is supplied by CP&L electricity utility. As mentioned earlier,

in the pre-retrofit period, the rate schedule for SHS was rate schedule-32, which applies to

the Lighting & Power Service sector. In the post-retrofit period, since electricity

consumption increased, SHS qualified for rate schedule-44, which applies to the Industrial

Service sector and which has lower unit prices than rate schedule-32. The two rate

schedules are summarized in Tables 3 and 4.
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Table 3 CP&L Rate Schedules 32 and 44 Electricity Energy Summary

Table 4 CP&L Rate Schedules 32 and 44 Electricity Demand Summary

Note: For rate - 32, billing demand should be never less than $ 68.15/month; for rate - 44,
billing demand should never be less than $ 7,878/month
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5 Analysis of Net Retrofit Savings

The total savings of SHS consist of gas savings, electricity energy savings and electricity

demand savings. The gas cost savings' calculation is simple since there is no change of

unit cost; while the calculation for electricity should take into account the change of rate

schedule from the pre-retrofit to post-retrofit periods.

Due to the installation of the electric chiller, the electricity consumption increased by

about 240,000 kWh yearly. It is beneficial to SHS to use rate schedule-44, which has a

lower unit cost. The electricity savings are calculated as:

Energy savings ($/mo) = Electricity use during pre-retrofit period (kWh/mo) *

Rate-32 unit cost ($/kWh) - Electricity use during post-retrofit period (kWh/mo) * Rate-

44 unit cost ($/kWh)

Demand savings ($/mo) = Electricity demand during pre-retrofit period (kW) *

Rate-32 unit cost ($/kW-mo) - Electricity demand during post-retrofit period (kW) *

Rate-44 unit cost ($/kW-mo)

The total savings are the sum of gas savings, electricity energy savings and electricity

demand savings. Table 5 gives the summary of gas savings; while Tables 6 and 7 show

the summaries of electricity energy and electricity demand savings and Table 8 presents

the summary of total savings. These tables show that the total gas savings for 12 months

are 10,365 MCF worth $ 42186; the total yearly electricity energy savings are -201,438

kWh worth - $ 767, while the total demand savings are -1,601 kW, worth - $ 18,189; The

net retrofit savings are $ 23,228/yr (See Table 8).
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Table 5. SHS gas Level - 1 savings summary.

Table 6. SHS electricity savings considering rate structure.
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Table 7. SHS Monthly demand savings.
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Table 8. SHS monthly total savings summary.
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6. Future Work

We are currently developing a more refined approach which involves developing pre-

retrofit models with disaggregated data and calibrating the models with monthly pre-

retrofit utility bills. This approach would not only be more rational, but would also

eliminate the need to have to keep modifying our retrofit electricity and gas models as

more measured data become available.
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J..

SHSWBE WEEKDAYS MODEL
PRE = 8/22/91-12/20,w/9/2 del

Fig.A1 Electricity daily weekdays model (8/22/91 - 12/20/91).



SHS ELEC 2/1/92-5/29/92(POST-EMCS) (WD)
3/13/92-3/22/92 RE

FigA2- Electricity daily weekdays model (2/1/92 - 5/29/92).



SHS ELEC 2/1 /92-5/29/92(POST-EMCS)
3/13/92-3/22/92 RE

Fig.A3. Electricity daily weekends model (2/1/92 - 5/29/92).



SHS GAS (WEEKDAYS)
PRE-8/22/91-12/20/91 ,W 11/8 DEL)

Fig.A4. Gas Weekdays Model (8/22/91 - 12/20/91).



SHS GAS (WEEKENDS)
PRE=8/22/91-12/20/91 ,W 11/8 DEL)

Fig.A5. Fig. 12. Gas Weekends Model (8/22/91 - 12/20/91).



shs gas pre-summer
4 /4 /92 -5 /29 /92

Fig.A6. Gas use scatter plot (4/4/92 - 5/29/92).


