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Abstract

As part of the LoanSTAR program, Victoria 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 of only monthly utility data while hourly monitored data are available for the

post-retrofit period. This report describes the method in which we have performed

retrofit energy and demand savings in Victoria High School. A previous report described

the procedure adopted when no pre-retrofit data are available. We have only used

Unnormalized Utility Bills Comparison ,or the Level-0 approach to determine electricity

(energy and demand) and gas energy savings for VHS.
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1.0 Description of Site

The LoanSTAR site under study is Victoria High School (VHS, site 127) , located in

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

There are clear distinctions between school days and non-school days, 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 from school in session and

school out of session

Fig. 2 Plot illustrating differences in electricity consumption from daytime to nighttime



2.0 Description of retrofits

There were two retrofits in VHS. The first was the chiller replacement retrofit: the 189

ton absorption chiller was replaced by a 182 ton York electric centrifugal chiller on

August 5,1991. 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.

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); 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 and electricity.

But for period 1, other than the monthly utility bills for gas and electricity, no measured

data were available.

The audit estimate shows an electricity energy savings of- 17,598 KWh/yr, (i.e. a surplus

consumption) electricity demand savings of- 1008 kW-Month/yr and a gas energy savings

of 6234 !MCF/yr. The avoided cost are $ 0.02944 for electricity energy, $13.52/kW-mo

for electricity demand and $ 4.1 I/MCF for gas. The total cost savings are $11,476/yr.

MCF stands for 1,000 cubic feet.
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Fig. 3 Measured daily gas and electricity consumption for VHS

3.0 Unnormalized Utility Bill Comparison

The Unnormalized Utility bill Comparison or Level-0 calculation has been described in an

earlier report (Liu et al, 1992). It basically involves comparing the monthly utility bills of

the pre and post period directly without correcting for differences in the weather during

these periods, any differences in schedule between these period 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, we then compared the

temperature condition of period 1 to period 2 and period 3 on a daily average basis.

Figure 4 shows that the daily temperature between the pre and post -retrofit period on a
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descending order are almost identical, and Fig. 5 shows the comparison of daily average

temperature between pre and post-retrofit period.

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

Fig. 5 Scatter plot between daily average ambient temperature during pre and post

retrofit periods
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Thus, since the pre and post 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 and by 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 close 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 are

divided by the number of days during the billing period to get an average daily

consumption, then these daily consumption were summed up on a calendar month basis to

get a total use for each calendar month. In this way the monthly utility bills were all

shifted to the calendar month basis. Table 1 and Table 2, Figure 6 and Fig. 7 show how

pre and post monthly energy use and monthly savings of VHS vary over the year. We

note that energy savings We note that energy savings for electricity (despite the addition

of a vapor compression chiller) is positive which is probably due to schedule changes and

due to the installation of EMCS.

4.0 Demand Savings Calculation

Electricity charge basically includes two parts: Energy charge and demand charge. No

such demand charges are levied for gas consumption. Electricity energy use has been

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
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VHS GAS LO SAVINGS SUMMARY

Fig. 6 Gas Savings Summary Using Unnormalized Comparison Method (08/91 - 07/92)
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VHS ELEC LO SAVINGS SUMMARY

Fig. 7 Elec. Savings Summary Using Unnormalized Comparison Method (08/91 - 07/92)
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to the change over from an absorption chiller to an electric chiller, the electricity

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

demand saving, or demand penalty for VHS. Demand values are based on 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. The demand savings are summarized in Table 3.

5.0 Results and Discussion

Table 1 and Table 2 show the savings results for gas and electricity, respectively; Table 3

gives the demand savings values. In the post -chiller replacement period, gas was used

only for heating , and so the gas energy consumption decreased. However, in the post-

period, more electric loads were installed, namely to drive the electric chiller, and so the

electricity savings should be negative. However, the results from the utility bills show

surprisingly that the total electricity use decreased. This could be partly attributed to the

installation of the EMCS in the post- chiller replacement period. We are investigating this

issue now. The net savings for VHS is $18,871/yr.
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Table 1. VHS electricity Level - 0 savings summary.

Table 2. VHS gas Level - 0 savings summary.
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Table 3 VHS monthly demand savings
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