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ABSTRACT

This paper describes how continvous moniloring and
follow-vp has Improved the savings from energy conservetion
retrofits in the LoanSTAR program. It describes the importance of
the feedback from the facility engineer or the building operator and
how it can improve retrofit peformance. Finally, the importance of
Operation and Maintenance (O&M) is outlined. Results are
presented which provide the status and cost savings for selected
LoanSTAR buildings. Three O&M opportunities identified by the
monitored data and follow-up are discussed in detail, including the
process of outlining the problems, investigating the problems and
the final outcomes.

INTRODUCTION

Energy use in commercial buildings amounts to about
13% of the total U.S. energy use (ELA, 1986). Energy saving
retrofits have proven effective at reducing energy cost for building
owners and at moderating the total U.S. encrgy consumption. One
recent study of over 1,700 building energy retrofits reporied a
median annual savings of 18% of whole building energy usage with
a median payback time of 3.1 years (Greely et al. 1990).

The Texas LoanSTAR program is an eight year, $98
million revolving loan program for energy conservation retrofits in
Texas involving local govemment and school buildings funded by
oil overcharge dollars. The program began in 1988. Public sector
institutions paticipating in the progmm' must repay the Joans
according to the estimated savings in foor years or Jess.

As a part of this program, a state-wide Monitoring and
Analysis Program (MAP) was established in 1989, The major
objectives of the LoanSTAR MAP are to: 1) verify energy and
dollar savings of the retrofits, 2) reduce energy cost by identifying
operational & maintenance improvements, 3) improve retrofit
selection in future rounds of the LoanSTAR program, and 4) initiate
A data base of energy use in institutjonal and commercial buildings
in Texas, Currenily the program is monitoring 1,700+ chaniniels of
hourly data’from over four dozen buildings and fifty-five wcather
staifons, using public domain polling procedurcs Ihu collect. i

information from tnlr;rocomputcr-based field data recorders from

several manufacturers.

The Use of Monltored Energy Data 1o Better Understand and
Operate BulldIngs

Monxlon:d data from commerclnl and nndmlinl

‘buildings have been vsed in ;everal ways 1o better undersiand the

consumplion behavior of specific buildings or types of buildings
and 1o find ways 10 use energy more efficiently by developing
models or indices of energy consumption. A study of mulﬁfaniﬂy
resndm!s in Ncw Jersey in the Jate 1970's analyz.ed typical town-
houses. by usiig performance indices (e.g cubic feci of natural
gas/°F-day). These indices were used 10 eslabhsh average Tevels of
energy consumpuon and thereby determine their dcpendency on
weather and building characteristics. These indices also ensbled the
study of remaining sources of variability (Socolow 1978).

The continuous analysis of metered data has slso been
used to provide large commercial building operators and
administrators with information regarding day 10 da); energy
consumnption 10 help identify opemloml and mainienance problems

(Haberl & Vzjda, 1988). Diagnoses which are based on continuous ~

analysu have also been developed into an expert sysiem 10
sutomatically diagnose new potential problems (Haberl and
Claridge, 1987). Such a sysiem analyzed daily energy consumption
by comparing it with historical energy consumption patierms.
Csauses of abnormal consumption were identified by comparison t0
previously observed patierns of abnormal consumption. Dajly
electricity prediction models for a supermarket bave also been
developed by Schrock & Claridge (1989) and exiended by Ruch et

al. (1991).

Using Monitored Data snd Operstor Feedback to Iimprove
Retrofit Performance and Bullding Operation

Moanitored ‘'data can be used in copjuriction with operatos
feedback 10 ldenufy measures that can be lmplemenlzd 1o make the
buildings opeme more efficiently following a retrofit. In general,
such & process should address the following questions:

¢ Is the retrofit working properly?

o Are the building systems working properly? .
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# Can changes in operation or maintenance lower

operating cost?

Determining the answers to these questions requires a
thorough understanding of the data collected and the building
systems which are consuming the energy. The cooperation and
willing participation of the facility engineer and building operztor is
absolutely essential if operational savings are 10 be realized.

The use of consumption data to provide near-term
feedback 1o owners and operators 10 increase operating efficiency
has emerged in the Jast few years. The benefits of regular feedback
have been shown in several case studies (Haberl and Claridge 1987;
Haber] and Vajda 1988; Haberl and Komor 1990; Kemplon and
Komor 1990; Kinney and Romano 1990; Socolow, 1978; Katzev
and Johnson 1987). Part of the communication process is
transmittal of the data collecied from the building to the operators in
a format that they can easily understand. Traditional engincering
reports and papers are not current enough to be useful, and the
format and the language typically obscures key information for most
operators. Hence, we have developed several forms of largely
graphical reporting. These reports are supplemented by follow-up
phone:calls and personal visits with the facility engineers and
operators.

In the LoanSTAR program three forms of formal
feedback are provided 10 the facility engineers and building
operators; including Monthly Energy Consumption Reports
(MECR), data disketics for use with data exploration software and
sometimes weekly inspection plots,

The MECR is a six page report of consumption and
savings, including four pages of graphs, which is provided to each
building every month. The data exploration software and pre-
compiled data disketies are provided to facilities whose engineers
or operators wish to examine the data in greater detail using a
special browsing database program. Weekly inspection plots of data
channels are vsed for internal data quality control and are sometimes
provided to facility engineers and operators on an as-necded basis.
A detailed description of all the reports is available in Claridge et al.
(1992).

Anomalous behavior in the data is vsually identified by
the MAP staff and when such behavior is observed, comments about
the behavior are included in the MECR, followed by a phone call 1o
the site contacl person 1o discuss the behavior observed (Figure 1).
If a problem is be determined, steps are taken by the MAP staff and
the facilities personnel 1o diagnose the problem, quantify the cost of
the problem, identify and implement a solution. If it is determined
that the retrofit measure(s) is (are) not working properly, the design
engineer or contractor is contacted 10 help resolve the problem. 1f
the building systems are not operating properly, the facilities staff
will normally change procedures or make repairs as needed.

Each agency panicipating in the LoanSTAR program has
an avdit performed on its facility. These avdits typicslly identify:
several measvres of this type, normally called Operational and

Maintenance (O&M) recommendations. A summary of O&Ms
;dentified in 11 buildings are given in Table 1. The eight categories
of O&Ms are detailed in the appendix

Results from Several Case Studled

As mentioned earlier, one of the major objectives of the
MAP js 10 reduce energy costs by identifying operational and
maintenance improvements through monitored data, We have
jdentified O&M opportunities at several sites. Three specific cases
discussed in this paper are 1) Reheat steam valve closure at the
Perry Castaneda Library at U.T. Austin, 2) hot water pamp shutoff
in the Zachry Engineering Center at Texas A&M University and 3)
sdentification of a heating problem in the Nursing Building at U.T.
Austi. Esch case will be discussed individually.

Perry Castaneda Library

The Perry Castaneda Library (PCL) is & six story
stracture built in 1977, with a gross area of approximately 484,000
square fect (Figure 2). The exterior wslls consist of limestone
panels and concrete block. The windows consist of 1/4 inch, single-
pane tinted glass and cover approximately«12% of the exterior wall
area. It is used as an open-stack library, with most of the floor area
occupied by book shelves and study tables. The building was
retrofit in November 1991 with variable air volume AHUs and
variable speed pumping. Under the new sysiem it is conditioned by
four groups of air conditioning equipment consisting of eight
variable volume single duct AHUs (75 hp each), twelve variable
volume dual duct AHUs (two 100 hp and ten 75 hp), four variable
volume hot deck AHUs (one 50 hp and three 40 hp), twelve variable
frequency drive reurn AHUs (25 hp each) and one variable volume
chilled water pamp (60 hp).

Chilled water and steam are supplied by the main
physical plant, located on campus. Steam at 165 psi from the
campus Joop enters the building and is immediately reduced to 10
psi. Part.of this low pressure sieam is used 1o beat domestic water.
‘The remainder is piped to rehest coils in the single doct units and Lo
the dual-ducts units. The electncny consumpuon per square foot
from January 1991 to Dec. 1991 is shown in F'gure 3 as athree-
dimensional plot, where the x-axis represents the day of the year and
the y-axis (into the page) represents the hour of the day. energy use
is measured ss the height sbove the x-y plane.

Qucsnons were raised about the high steam consumption
at the site in June 199]. A visit was scheduled to check the
metering hardware installation. The matier was discussed in detail
with the building operator, who suggested the closure of ihe reheat
valves for the single duct air handling units. Detailed data regarding
the building was sent 1o the building operator towards the end of
June. Following another site visil, and a careful analysis of the dala,

partial closure of the valves 1o the reheat coils was accomplished on
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July 3,1991. The result was a sharp decline in the usage of steam
from 1.5 million Bu/hr 10 about 0.5 million Brw/hr as shown in the
Figure 4, A second visit was made on July 10, 1991 accompanied
' by the facility and the design engineer, Afier 2 consensus was
reached, the remaining valves were also shut off. An additional
drop in chilled water consumption for the 8 singe duct air handling
units occured and was confirmed through monitored data. Figures
4 and § show the drop in steam and chilled water use when plotied
against time and outdoor dry bulb temperature. The closure of these
valves resulted in savings of approximately §7,000 per month,
These savings may not have been achieved without the monitoring

and close attention to detzil.
Zachry Englneering Center

The Zachry Engineering Center (ZEC), built in 1973, isa
four-story (plus basement parking level) building on the A&M
campus with approximately 342,000 gross square feet of floor area
(Figure 6). Tt is a heavy structure with 6-inch concrele floors. Hot
water and chilled water are supplied by the central campus plant.
The windows consist of single pane glass and cover approximately
22% of the exterior wall area, Major uses of the building include: 1)
offices, 2) classrooms, 3) computer rooms, and 4) Jaboratories. The
building was retrofitted with a double-duct varizble air volume
HVAC system in March 1991. Under the new system the, building
is served by twelve variable-volume dual-duct air handling units (40
hp each) along with ten 36 hp constant volume sysiems. The
building also includes hallways and a Jarge atrium area which serves
as a common space. The clectricily consumption (Watts/sq.-ft) from
Janvary 1991 10 December 1991 is shown in Figure 7. Originally,
the building was designed 10 allow for one or two floors 1o be
added, hence the AHUs were oversized.

In the ZEC it was observed that a 20 hp hot water pump
was ranning continvously during the summer, when there was litle
demand for hot water. The building operator, when interviewed,
was under the impression that all the pumps in the building were
shut-off and also confirmed that there was no need 10 run the pump
in the summer months. So, it was recommended that the pump
should be tumed-off. The pump was turned-off on August 24, 1991
and remained off for about four days. Then it was staried again on
August 27, 1991 because of hot water requirements in one of the
Jaboratories. The drop in MCC electrical consumption can be seen
in Figure 8. The potential savings from this recommended action
are approximately 5$2,700 per year, Even though this matter is still
under investigation, it is clear that without monitoring this problem

would have gone unnoticed.

Nursing Bullding
The Nursing Building (NUR) if a five-story sln;’éh)ré
built in 1974, with 2 gross area of approximately 94,815 sqbare feet

Figure 9). The building has steel frame, reinforced concrete floors
and exterior walls of precast concrete panels. The windows consist
of single-pane clear glass and cover approximately 30% of the
exterior wall area. The building houses nursing classrooms and
lecture halls, workshops, lounges and faculty offices. Chilled water
and steam are supplied by the main physical plant, Jocated on the
UT campus. The building HVAC system consists of two variable
volume, dval-duct AHUs (100 hp each). The building also has a 30
hp chilled water pump supplying chilled water to the air handling
units. The HVAC system operates 24 hours per day. The electricity
consumption per square foot from January 1991 10 December 1991
is shown in Figure 10. General Schematics of the AHU at the
Nursing Building is shown in Figure 11.

As shown in Figure 12 electricity consumption by the
two air handlers was steady at about 20 1o 25 KWhhr after the April
1991 retrofit . A sharp increase in the electricity consumption was
first poted on September 19, 1991 and again on October 29, 1991.
The 120 KW (350%) increase corresponded to outside air
temperature falling below 559 F, The coincidence in the electricity
consumption with dropping temperature can be seen in Figure 12.

The site contact at U.T. Austin was informed
immediately of this increase. After further investigation it was
found that the variable frequency drives fdr the two air handling
units were controlled by either the cold duct static pressore or the
bot duct static pressure (i.e., the Jower of the two). The steam
pressure on the steam coils supplying steam 10 the hot deck coils is
kept at approximately S psi. When the temperature dropped below
559 F, the building operator decided to operate the vent
(economizer) cycle, which was added as a part of the retrofit. When
there was & call for heat, the cold side of the mixing boxes closed
which raised the cold duct static pressure. When the hot side of the
mixing boxes opened (as the building needed more heat) it lowered
the static pressure of the hot duct thus controlling the variable
frequency drives, and forced the motors to run at very high speed.
When the operator noticed this, the vent cycle was immediately
closed because the required hot deck temperature could not be
maintained and cold air was being delivered 1o the zones. The air
handling units continued 1o run at very high speeds thus consuming
more electricity as the temperature dropped. This phenomenon can
be secn in Figure 13, where electricity consumption of the air
bandling units is plotied against out-door dry bulb temperature. One
of the possible reasons for this increase is a lack of heating capacity.

This matter is still under investigation.
CONCLUSJIONS

The imporiance of monitoring energy retrofits afier they
are installed 1o better understand and operate commercial buildings
have been discussed in this paper. Also discussed is the importance
of feedback to/from the facility engineer and/or the building
operator, and how it improves retrofit performance. Three forms 01:



reporting monijtored building energy consumption data (i.c. weekly
inspection plots, monthly reports and browsing software) have
proven highly useful for building operators, Facility engineers and
design engineers, Finally, the imporiance of tracking O&Ms has
been outlined. Three O&M opportunities identified by LoanSTAR
monilored data have been discussed in detail. The process of
outlining the problem, investigating the problem and tracking the

{inal outcome is also discussed.
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AREA | RUILDING/ | SOURCE OF 0&M RECOMMENDATIONS DATE DATB __|SAVINGS! IMIL. COMMENTS/STATUS
n | FAQILITY O4M INENT. IMP, SR JCOST (3)

TEXAS A&M UNIVERSITY
324,000 | Zachry Engs, | Audil Report Paich air leaks arownd ANILTs in 1(VS/RE NC N.C._|Completed
|t-subea|.

Cenler
Building On. |_2iDelumping Hallway Lighting Avg | Mnuor | ne | we l% abher Iifm fisture hf tjlhﬂw
has heen dnenanteied
Huildin, Reptace Incandacent lampe with Aug-90 n N.A. N.A. Al the incandercent lampw (severs]
‘uﬂ'-h flvorescent hm: hi ar s the of replscement

U.T. AUSTIN
1,181 Gon | Audit Report | 1]F1 the sieam leak in the basement 19566 $212| N.C |Compleled, Moaitive shit off regulalons
Iproscure refiel valve, inrtalied
Avdit Repurt Delamp $o 273 of the office ares fixtures 1986 $4,670| N.C |Not Comploied
and del bathroom incandocent,
152,690 UT.C_ | Audit Report | 1Tum off excalaton from 2.3, Resel 1986 N.C |Not Compleied, po plans for reseling
Thermestate Jthe thermortat
Audit Re 2|Reset Thermostate, ‘ 1956 3149 Not Emplementn,
45 L Audit Report | 1/Time clock control for exhausd fans., 1986 030 30 |No plans for daing that

M 069 Garreon | Audit Report

Ruilding Op. Dec. 1990 N.A Completed by U.T, mainlenance erew

i

Compieied at 2 regular mainienence ek
feted o< 3 part B s retrof

61,000 Gearing udit

Audit Re| May 1991 3487

Completed as » regular maintenence work
[Completed s 8 part of the retrofd

N.C
30
3183 $0 [Not implemented
NA
3880
30
3660
30

57,600 | Wagpener | Audit Report jlnﬂ fifter bank apd cleap coll A0I/R9 $708
Audit Repart | 21Summer shut dow of hot sater pumpe. 3/02/89 | May 1991 3122

241,000 Wekch Avdit Report |1 h'm clact on chiller, 1986 393 | N.C [Work i in procos
Audil Repont Rafne \ernparatue __1oRs $2.025| N. hra/ds: Gon
Auvdit Report | 3liXlamp 1986 $2810] N.C [Net tmplemented yet
Avdit Re 4{Grow room Gight change ot 1986 $4.272] N.C |Nothing dooe vel mav sork in futwre
109,000 Winshin Audii Report } 1 Remir fiher bank and ¢lean colle AN0RY $1.483 | $1,220 |Completed (regular maintenance program}
Auvdit Report ZIOmII ovtcide ¥ economiser, 02/29 il 199, 32,391 3528 [Mot deck fan added (ven! cvcle on AC-1)
36,800 Sicindam | Audit Report | 1]Rena fiher hank and clean coil AN0/R9 3298 3660 | leted lar mainicnance m
Audit Repart Surmmer shut down snd hol water A MOMRY Agpwil 1991 $70 $0 |{Completed ax s purt of 8 retrofd
Audit Report | 3|Omtt ovtside ok economiser, M0/R9_| April 1991 $772 $176 |Added Vent Cvcie controls
45908 | W.CHoge | AuditReport | )|Chilled waler valve AC-2 |_R2SFY | Moy 1991 S| 32372 |Compleied

N.C = Not Caloulsted

N.A= Not Applicahle
| |

Table 1: Recommended O&Ms for the Buildings monitored at Texas A&M University and U.T. Austin
undcr LoanSTAR Program.
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most of the Noors occupied by book shelves and study tbles,



F -

L] -
& &
4 22
' f , , 22
\ < A S
3 / ; a. A
) [} U [} . =
= 1o
{ ' 3
=
<
o v =
Dec - 91 Oct - 91 Aug - 91 Jun - 91 May - 91 Mar - 91 Jan - 91
: Figure 3: Hourly whole-building electricity consumption per square foot for the Perry-Castaneda Library
; from January 1991 through December 1991. '
Steam & CHW Consumption Steamn & CHW Uss vs Ouldoor DB Temp.
al PCL June 18 - July 22 1981 a1 PCL June 18 - July 22, 1991
7 7 3
" <, Chiltisd Water [ 1
& u‘-lH‘th o g'
:E Y\! H \!L. ] - i
€ tu H Chilled Water g5 =5
g ) I i ) -M‘l }“‘ t’./ ; o+
= i ¢ H > 4
H R £
3 W i,
"; E Steam
i, 87
3 P&
g, ) ” :
H 50 70 80 w0 100
a Owidoor Dry-Bulb Temperaiure (F)
1+
O Befoie + Aher
June 18 Juy3  Juy10 July 22
Flgure 4: Steam consumpl.ion from June 18 - July 22, 1991 and Figure 5: Steam consumption from June 18 - July 22, 1991 and
1991 at the Perry chilled water consumption from June 18- July 7, 1991 at the Perry

~ chilled water consumplion from June 18 - July 7,
Castaneda Library, Chilled water data for the period July 8, 1991
; through July 22, 1991 experienced hardware problems.

~ Castaneda Library plotied against outdoor dry-bulb 1emperature for

Austin, Texas,

R, St
= — ke - T
S s - s X el
Figure 6: Example Buliding - ‘I'lie Zachry Englneering Center. One of the first buildings lo participate .

in the LoanSTAR Program was the Zachry Engineeri
are foot and contains classrooms, O

area of approximately 324,000 squ

ng Center on the Texas ARM Campus. Jtcovers an
ffices and laboratories.

g‘



o — e e

= <

! , g a
U = 3 i ! L & J =2 £
: ¢ Y ‘ 1=
\ “ - a s
- u
3 | £F
N £y
=
a
o . = . — —= S —2
Dec - 91 Oct-91 Aug - 91 Jun - 91 May - 91 Mar - 91 Jan - 91

Flgure 7: Hourly ‘yholc-building clectricity consumption per squarc fool for the Zachry Engincering
Center from January 1991 through December 1991,

Zachry I:CC Efeciriclly Uso

Aug. 1 - Aug. 31, 1991
240
: n\-‘ﬂ\-’\."\j‘\;\f\‘a\.‘h\:\ : l\.-'\f M\ 7 100

= . = x
£ = P A A g
= ]
3 A t
§ <
$ = 3
i :

o 0 o
g - é

404 20

?o-
Aug?";t‘lm'l Augusi 24 Auvgusi 27 A»pm!:}i

Figure 8: Elcctricity consumption for the Motor Control Center and
percent run-time of the hot water Pump at the Zachry Enginccring
Center (TAMU) from August 1 1o August 31,1991,

Figure 9: Example Dullding - The Nursing BuildIng. A 99815 '
square fool, five story building. Constructed in 1984. This building
houses nursing classrooms and lecture halls, workshops, lounges and
faculty offices,
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Figure 10: Hourly whole-building electricity consumption pcr square foot for the Nursing building from
January l99l,l§rough December 1991, The large evening-lime spikes in elecuricity use during Jan.-Mar.
1991 are due tg cnnis court lights, which were later removed by rewiring the data Jogger.



APPENDIX A (O&M OPPORTUNITIES)

e HCATING COIL
! Operational and Mainfenance recommendations (O&Ms) are

TREGUCCY DF

actions lo reduce energy cost that building staff can perform, as pant
of their regular duties. Typically they are relatively in-expensive (low
cost or po cost) lo implement, bul this docs nol mean that O&Ms, are
nol important. Often , O&Ms save hundreds of dollars worth of
energy afier implementation.

For commercial and institutional buildings, O&Ms can be

separated into eight categories, They are :

=) i GmeCe

Moin Voier :}

on sn;c‘ AIR MAJH VATCR

1. Building Envelope

a) Instal] weather-stripping

b) Replace caulking

¢) Windows and doors closure
Figure 11: Nursing Building AHU Schematics. The variable ;! . 2, Heating system
frequency drive is controlled by cither cold or hot duct static pressure a) Turn off bot valve during summer
sensors. The Jower of the two controls the speed. Two-way chilled ° b) Adjust outside resel temperature
water valves controls the supply of chilled water to the AHU. c) Lower thermostat setling (during unoccupied

peniods)
' ¢) Eliminale reheat
Nuulmcg E;\;cmng’ Czosl‘n::’r:upllon : f) Domestic HW temp. setback or turn off
A. Cooling System
v it . ~* a) Raise thermostat setting (during unoccupied
LT a4l periods)
1 i W Y . b) Clean evaporator and condenser coils
150 : T Ry TR TS 4. HVAC Distribution System
i . l“ Ilﬁrﬁi |ﬁ|l l | a) Replace faulty slearn traps
VAN )
L=

b) Fix or clean fillers J

<) Repair air leaks

d) Omit non-functiona! outside economizers

¢) HVAC sysiem repsir or adjustment

1) Clean steam & CHW coils

g) Insulate steam/hot water and chilled water lines
h) Shut fans and pumps off when not in use

R EEE

Outdoor Dry-Bulb Tamperature (F)

3
1

Motor Control Genter (kWiVh}

o

3
H

a1 o, 1. 10010 on 29" oo 71 108 ) 5. Lighting System
3) Delamp or reduce lighting levels
—— MCC (W) — O/A DB Temp. b) Tuming-off lights

. ! z ¢) Replace incandescent with screw-in fluorescent
Flgure 12: Elcctricity consumption by Motor Control Center at the d) Clean fixtures and diffusers
Nursing building and outdoor dry-bulb temperature for Austin, Texas ¢) Disconnect ballast
from August 1, to December 25, 1991, 6. Power Systems '

) ’ &) Turn-off elevators/escalators on the weekends
=g b) Turn-off non essential pumps
"“"'mc& E';::‘M"L%"‘:;""P““ ¢) Tumn-off equipment manuslly or through time

clocks
7. Regular Maintenance
a) Repair/adjust fan belts

i o+ Belo Oct 28, 1691 : b) Repair leaky systems/compopenls
¥+ Ahei Ocl 29, 1591 : ¢) Cleaning
e 8. Controks
a) Calibration

b) Tuming on/off the energy consuming equipment
through existing control Fysiem

L

Table 1, provides summarized information for the O&Ms
recornmended by the sudit firms, or performed by the building
openators for fourieen LoanSTAR sites. Estimated implementation
cost and the estimated savings (if calculated) along with the status of
the procedure are also provided.

Motor Control Center (KWIVN)
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Figure 13: Elcctricity consumﬁlion by the Motor Control Center at
the Nursing building plotted against outdoor dry-hulb temperature for
Austin, Texas from Avgust 15 to December 25, 1991, &



