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ABSTRACT 
To remedy comfort problems in a 99,000 fi2 (9,200 m2) 

office building, the total airflow rate was reduced by 35%, and 
the total outside airflow was reduced by 86% in four multi-zone 
air-handling units that serve the office building. After the 
airflow reduction, the peak room relative humidity level was 
reduced from 70% to 55%, and cold and hot deck reset sched
ules were implemented. These improved operating practices 
reduced building energy consumption by 27%. 

INTRODUCTION 
Indoor comfort conditions were improved in a Texas 

office building after the airflow rate was reduced and the cold 
and bot deck temperatures were reset. The case study building, 
located in Austin, Texas, consists of one three-story section 
and one six-story section with a total floor area of 99,000 ft2 
(9,200 m2). The three-story section was built around the turn 
of the century as a bakery. The six-story section was built as 
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a separate bank in 1946. The two buildings were connected 
and renovated to form an office building in 1963. 

In 1982, a replacement HVAC system was installed. 
However, the newly installed system caused a series of indoor 
air quality problems. Although a number of retrofits were 
performed, neither the indoor air quality problems were fixed 
nor was the anticipated energy efficiency obtained until 1995 
when the authors recommended changes in operating prac
tices for the building. This paper presents the processes 
involved and the measured results. 

BUILDING AND HVAC SYSTEMS 
In 1982, two 175-ton hermetic centrifugal chillers were 

installed in the basement to provide cooling. Two 2.4 
MMBtu/h gas-fired boilers were also installed on the sixth 
floor parking garage ramp to provide heating. Four multi
zone air-handling units (AHUs) were installed to deliver the 
heating and cooling air (see Figure 1 for the schematic 
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Figan 1 Schematic diagram of the air-handling units. 
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TABLE 1 
Summ�ry.9f Design lnfOrmation for Each AHU 

-
-·· -

Area Supplied on Each F}�r (W) 
. 

AIRJ 
- - - 'Total . .. --�ame -

Hp cfm 1st 2nd"·: __ 3rd 4th - -
. -·· 30 36,800 10,100 10,100' 10,100 30,300 A .. -

B 40 44,300 20,600 "'" "'""' 40.Si:iq ..tl,,U,..tt,,VU ·-··-

-. \ 

c 20 21,125 21.100 - 21,100 --
F 7.5 10,000 2,999 - 3,900 6,800 

- -
99,obO Tofu! 97.5 112,�25 31,200 �0.100. 33,200 · - 3,900 

diagram). The outside air intake was_designed to range from In 1995,. the authors corrected the a.irli�w problems by 
8% to-15% of tota(airflow rate. Three of the four AHUs using existing balance and control dampers for each AffiJ. 

· were equipped with economizers. No return air fan ·was · ·-After th� airliow corrections, improved cold· and hot_·geck 
_ installed for any of the units. Table 1 summarizes the·b�ic- ·reset schedules were· iiriplemexited by ,using the EMCS 

AHU design informatiEn .. �!IVs A and B weJ'e lucated.on system. As a result, the annual energy use ind�x was reduced 
theg�age ramp. Since.neither AHU had a return: air fan;!the 33% from 150,�QO Btultf __ a year (l.71 GJ/m2 a year) to 
pres�e in both mixin$ chamoctsanO'the ambient portion 9C 101,000 Btw'ft2 a year (1.1 :'Ii OJ/m2 a year). The peak room 
the return.air .ducts wa8.:negative. Consequently. when either-·· relative humidity lever was reduced from 70% to les_s than 

---exhaust-aik:damper-wa���iutecj..gafag�-weulcl- ··l>l �_,.,5 . � 

· 

drawn in tlirough the open damper(s ). Indoor air quality " · - -... " ; r : r' ··· 
consultants w_Sre h1r,ed.1Jl �� tf.>ll�w,jng,ye��)()_ solve the , A.�·,tiOuND B\:111.:DING ANO HVAC SYST-EM·= 
Problem. • ,, . ·· - -· • . . PERFORMANCE •' •· --1·.: · 

·"' 

• · • ll., 1 ' t . . :, IO'li:' •• ,, .!Ju : · · r. 
, �· 1Ji�. cons�tMrt. su�ested W,1itaR.atio,!1.·Pf .X:eJ.Ul:P.�air ·:ans On Jun��: .J �ry, �� .AHU s JDP th6 building �el:Jllal 

and dli�tJl?.g the wtum � fro¥.1 e�ff.r.oom,.;Thesesuggesnons conditions were lllSpected. The measuremen�,_.results are 
,' we"re i:ejec.t.ed '&y the. owner du� to h!89i costs1 np,9 lp.9� 9.fooonfi- -;· summariz'ed' in Table 2:.i � · • • � • • 

.:.denc� fn th� sugges� m�wes .. The.,_cogs��t,-then -·• -.:Air.flowR.lite.The»tneasuredtotalsupplyallflowrate was 
'suggested @,�crease in.th� out��q� a?-_intal<t: a,nd����g the J' .1'40;700 cfm (66',400"�s);'whibli waY-1�%. hlgher than the 

. -�x.baust ?����f� prevent,e�ge � ·�ack fl�'X '.' �s.solution .. · ?esi'gn•v.alu� of U.2,�2.5 <:�(51;9�M�s)_ f�.ttie <#inre· �uild-
' sue(essftilly15t�vented enbY of pol!-�.��-garag�,�__;!bo�e:yer, �.mg. For umts A, C; and .P, the measure' chirflow· rates �ere 

the following problems soon appeared: (1) the HVAC system ,�. 99.%, 31% wd 28%·bigber' an the ·deSign vaiuis, While the 
lacked �� Aecess�.����.�Ao/ ,,W�{�P,l .�e bup.<µeg.)�. the 

•· airllow� Aflli -B'w� · 39� .1��s1�il!1:tt1�;�esi�1 val�f :·': 
summer 'a:.tl<l to heat tlie bUilarng in the winter; (2) the room ., · Out&ideAit-IntakeiTl::ie meaSw-ea total'outside ainntake 
rel:;tiy� r.;:.��ty iiucrcascd to r7C% dur'.bg::s-ummeir!n1011u'ls� . was 73,000 cftn (34,4-50 J.;Jt-)',"6t 0.7'1 tfm/fiZ-'(S'.9 Us!ib2), 
{�).energy 001:1sumption in.ereased significantl}l-; { 4) the-secu- -:which .was seven time :rugliei' tli'an:the reqtiired;vaiile oftl.1 O 
rity qQQr;could not be closed autoQ:1ati:oally due to overpres- cfmfft2 (0.80 Us·m2) or 20 cfi9 per P.eF� <?n (�.� I· pe.r . person). 

1. �urization o�Jhe buildiftg; and (5):,AHUs blew dirt into the · · '. ·1' Deck Setpoint :·8Jlij Supply �A.i,r T�#JP.erabire- . The 
rooms. .:. ! :1 �� .r: ... . )'.;J'" rrteasurCdresults s�o"*edlb'8.tliie _r;cild1deck t�mr.e�\!'¢ed 

, ... To re;,. egy .the.9V�.ij)fe$SQrization problew,.in 1'990 the �. from'53.0°P (f�0� to S5.ioF·'cl3°Cfwifh }ili��veragctiaiue of 
building operator�s;ut-a-4 ft ·PY �·i't' (1.2 m:by:l.2 'm�opening 5�.9°F {1�°C�: The" heatihg 'coils \'V�·�funi� �of(. "Tue 
in one o{ tP��;xtt(rioI;.WallS: �o-fiicluce.th� building pressure And measured air temperature leai>rbg ·the' diffus�'i:s \;'afied" from 
let the security doors close automatically. However, the Fther ·r59°F (15°C) to 65°F (18°C), which indicated significant 
problems were still present 

, Sf ' " . st; ,;0 . " �,Qf,h?>. deck air and cold deck air at the zone mixing 
Installation of an energy management �d'coiff&ol sf�iem __ dam�i:s (see J:igure l),,_ . _ . .  - - - -- . -.. 

{EMCS,);1llongWith''ntiriierOiis coritroFvruvys-and dampers, Room Conditions. The room tempet.ci,����P.. !!tlative 
=.wM-.c.bmpleted during:·.0ctober 1�

.
�--Th�BM�·;h�iJ.-=th·e =- �FQify levels were11���tired aff sfo��tlopff!rom 2:00p.m. 

folloy,,jjig capabilities;-(!) nig_��i-�QJY�kend shurdown� --to 4:00-p.m. en-Ju.ne. S. 1-995, when the ambient temperanire 
' (2)190idand hpt dec;k'reset based on�either outside air tefnpe�--- was.?��I:_.(31°C) f¢.djb�ambient relative humidity was 60%. 
··· a�cr·or positions o�f:,o�e amp�rs; ... <3}rcio�concqpol\·�olii-

. 
:?�room temper�e��8:i:d, fr.o� 67.:�0.!. (�Q0C) to 7i�0P 

_torilig; and (4}....optlD».Zed -chiller- operation. ·The.- �cs: ��-�C). The room rel�ve bUIDldity level�-v*1ed from 58% to 
• _e.ro��� i����<! ntopitQ._tjng of r�11(_co.nditions;.'but·duo to.... ... - -69.!Yo, - -

the e�Jing physical p.l'.oblems, cap�bilities 1, 2, and 4·could- __ �.:Bu!!_�g Po�ili..f� Pressure and Air Infiltration. As 
- not be impleniented. 1'.Pefe'was no-nji!c�ableTrllprove�ent in ll?.��on� previo�s��:.th�U: ��a 4 ft _!>_r 4�<�.'.�11.! b� 1 J.!D) 
_.t:be·mCl()()r comfort-eenditions-.- - - - · · --- - - - � · -opelll.ng- m the east wall on the first floor. Approximately 
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-A.ilu .•\ 
Floor Area (ft2) h· 

·. Supp)y
-
Air (cfm) 

�uppiy llli (ctm1tt2) 
-

·- -- -

Q, A. (cfm) 

6."A. Fraction(%) 
. . 

<;old Deck Temp. (0F) .. 
- -

Ambient Temp. (0F) 
·4: 

Return Air T«i�P· (0F) '" 
.Static �sure (in H20) ' .. .... . � 

Room Air Temp. (°F) 

Supply AiJ;,Jemp. (°F) 
·'-' 

' RoomRH�) " 

TABLE 2 
Summary of AHU� Measurement Results 

A 
30,300 

-· 

. . 

73,200. 

2.42 

43,500 

59% 

55.8 

8&.8 

'.!785 
' 

:2.3 

72.8 

.. . 
" ·; 6S.8 

� 

� 

B 
40,800 -

26,940 

0.66 

12;750 

47% 

53.3'.. 

&8.2 

76/7 

'1.6 . . 

� �· 

73.2
, 

65,6" 

64�2 
.. l, ·-

- -

c 
21,100 

27,770 

1.32 

)0,320 - .. 

37_% 

5�d.. 
-

74.8 
' � 

- .. .. . 
"·1 73.6 · •  

, . .. . .: . . 
� ; •' i 59.5.; 

•, �-: 
,;•, 'i ;.., 

- · .. 
� 

F TotaVAverage 
6,80Q, 99.,000 

12,800 140,700 

1. 8 8  1.58 

6,455 ... 73,025 

50% .. , 52% 

53.0 53.9 

8 6.0 .: 87.7 

74:tJ ! 76.0 
.. J 

1.4 1.8. : 
:J2:.0 :;_; 72.9. 
59.3 .,.�•64:5 .. 

. •  §2.7 
i.. '•'· ·· 

- ; 63.4 
·� ,. ".: ,. 

· �,000 c� (3,780 Us) of � flowed out of the building ·. : '·· Suggeslion2: optimize 'the cold and hoi·aeckreset sched-
through this opening. The positive pressure was measured as · £ilules. ;•· ·. !:!. ; · •• ·" : .. r:.. · ., 
0.10 in,ilJ!O (26 Pa)� .. Wfieh the opcimlgiwas_'ei>'�e��: the 'i,'.; · ri ·Table·:4 compaiLe1hhk ��f6utict''md'ri!cok'rii6ndid cold 
positive pressure increased to 0.15 in.1J20.(38 Pa);: �'· and hot deck reset schedules. The recommended spheaUles 

- · .11·--·were 'devei�·peclusing·in-'hou�e 111f-sind �linillatiori software. 
IMPROVE� OPER�TING PROCEDUR�S • . ' · .;· .:·�The! detailed; calibratioll' aria opdmizatid�L prbbe<iures are 

Dunng. the site .. �sit, the f�llO\ying nroblems:wereiden- '{nesentecl .bY �m add'1tiaridge (1'995)°.>ne''ptoj&tec(�n�rgy 
. tified: (1.) TOOII).f.�!it\iye huFJ.!d:!t){;l�v�ls '+'.-C� $high as 69%; inlpaets'. of the ·recommerlHed opeatihg procedm:es< vJere 
.. - (2) ro���pll>P.l'��e� .coul� n�t b�_'.Il\l�tained �t comfuttable '1 dite�el:l �ing th� ��e s��atio� pro��: .�� � �;.: :; .. 

. J�,ye�.t���$£eak,silllW1er·�c:fwffi.�r_\_Veather•(acCQJding to �- ·"-' �"$Ke�iion 3:_ /o not iJ!!!?!em��i s#.�es�on. � until 
,9perators � .... �£9�,'?:WOrkers); (3}:�$ cold liP.Q hpt "spots" 'sugg�sf!qn J ·is imp/einente_!1. � . �- ., 
cp7xist�lir:i � !?-��� !'Jro_o�-.(4) Aa,Ys_b�W d\lst inta the 

· . •. 

-

·' ·' 

.. 
, 

!,· ' 0 
,, • . • :. �: rooms; ��,(:?) Pi.�:�ffity doo� c:;oajsinQt,b�:c;lo.s�iauttimat- Analysts of the lrnprti_�e�. :9P!��ting Pro�edures 

.. ifs�Y· It �I?P,.lf¥CfB. �t_.ajb�_f th<iJl�Pt9bleIIJ.� originated from . , .·· "': '.  · · · · '  -'''· · · · :uu .. , .,r.,, · 

.Ji-9e hig!i t?� �Ol\'.·ai:td !llgJ!. su�ide .. airflaw. C.onsequently, •\: · ... :ni�rr�-qc.ed10.tal ,auflow :and .outside airl'IO'W rates will 

the ��?�g ��pv� 9pcrS;��tprocedwes we.re:proposed. : �gi;ri:ficantly .impt:QY.e :the: room ;relative humidity oonditions 
�:�4: r�duce:it.be. co_oling..and heating·,energy1 consmnption as 

. I < f'"sJ;ge�aon r�1�ui;;-t}[e to�q��ir ��p�ly. ;�te,ft9",,; J.42 .. Sli,OWD in the foUO\VUlg CXample�J'he inJpaCtS Of the reduced 
··:; c,c;;,-#P{7:tf'h.m 2Y'io O.l�� 'Cfu.Jf._'(4. <;" VNp� ) . reduae.- .the airflow rates may be seen in Figures 2 and 3. 
�.· ,�ift;f d;;�i",J'iA�8k.e fii,,{IJ. (Ji � (3�'il4s.mz): tot-o.zoef!;vfr ,.1; . .r1{ Assume that beforet"ed'licingthe supply air and outside air 

'· (¢'.�!!i:nfjJ�if:1',�Je''3fa� 1'!f.�ils), �d· correc_tipne (li°ryl,ow .d"JQw:rates, the:izone supply air''.temperafure 'is �65°F (18°C). 
;!:{01.�S.�':!-id 9,.!J t/ie zo!ff�:l�:-._, ·:..- 1 ;i .: -.:· ;"I• c.�.1 • ·furtheras�µrillSthefollowing-oonditioris: (1)6utsideair condi-
'(! 

. .. 

-� ' ... , . '' . ·-� : ) . -., ..... 
-i;·:. . ..1·· . TABLE'� � . .  " -"�· 

. -· ; · 
� · �. _$u�m�· �i Air11?rrt.�a-�8;"e�i1;1t : _, 

. ........ .  
�-�.700 )' : '·, · 87,100' '. 

''"·'i47,SOO ,,,_...,, 53,6rQ.,, .. . . 

3,000 

: : · � i.. '.; Reductioil 
... •. (. !' i?\ 

3 



TABLE4 
Summary of Airflow Managem�nt 

AHU A B c F Total 
Total Air As-Found 73,200 26;940 27,770 12,800 140,700 
(cfm) Recommended 25�700 37,700 17,900 5,800 87,100 

Red�ction ' 
,47,500 -i0,760 9.870 7,000 53,610 ,______ 

Outside Air As-Found -, '43,500 12,750 10,320 . 6,460 .. 73,000 
(cfm) Recommended .. 3,000 4,000 2,000' 600 9,600 

Reduction 40,500 8,750 8,320 s.��o ... 63,400 

tion: 90°F (32°C) and 70% RH; (2) cold ·air: 55°F (13°C) and tirined at 55% or lower. Of coW:se, the amount of outside air 
.. 90% RH; (3) hot dec!C air: mixed air; ( 4) on si�."' airflow frac- intake greatly influences the moisture content of the mixed ail. 

tion: 50%; (5) room temperature: 73°F (23°C); (6),return air , Under these conditions excessive total airflow can cause a 
tempe alure: 75°P (24°Cj; and (7) relative humidity 1evel... bighro?pirelativel;_umidity le�el. <;9qec,ting the total airflow 
increa·se due to moisture: prbduction in zone: 3%.1bposing will improye the rQ?m relative,humidity conditions. 
these· bonditions on the. AH'U, we 'conclude that (1) the hot Figure 4 shows the pre_dicted heating and cooling energy 

" deck airflow fraction is 0.36. aiiH {2) the'toom tclative humid- �onsUII1ption rui o. .function of outside air temp�raCure before 
• 'ity i:S.70%�""Tlie AHU psycl?iotnetrih prodeshJ�s�q.wn in. and afterairflow�re<lucti:Olf.lt.-a ears that tb.e-im rov 

___ _.....,··gure-2. · ' · ·· 
_ _ _ ating proced_l;lI��-'!Nill reduce the peak demand by'40%. There-

·; Byreducingthe totalairflowrate by38%,thez16D:es.upply- fore, the ,�A.,H!.J� �hccld ?;�,.bk tv :w.aiut.ilu i:h<> i,;'1lu ut:\;k 
·. . air temperature will1oe-:Yeduced from 65°F ( 1 8°Cfto 59°F , .. - temperature at 5��F (13°C)· after the airfloW'. reduction. The 

· ' · (15°C). When·'the:OuiSide air intake 'is redil�� i6l.. )f�, the· p�te�tiai �ual energy savings are summarized in Table 5. 
calculations show that ( 1) the hot deck airflow 'fiacO,c;>n is 1 9% Tu_e·boiler effic;icrncy is �umed to be 70%. The chiller kW per 
and (2)the roonirelative huroidity'is 53%. Thisl\i:!U psychro- ton is assumed to be 1.2, which includes.the cooling tower and 

'·";i metric�proccss iS shown itt- Figi.ifo ;3.'The rt<itlbed tota). and associa�d pump power
. � well. The potential ,fan. power 

outside airflow rates will also decrease the coolin'g" energy savings are not included. . . 
' 

- ' .· ': ::: ;.: ::-. -_. '-1 \J ( ' ' 

, ,. conaumption significantly, :Under the' weathef:condi�ons of . . _ After the :0utsid.e air is reduced by 86%, the building pres
J, this,.ex�ple, the potedtial-cooling enei'gy savings arc 63%. · --�;\lle should be maintained at a normal :lev�l. -After-the total 

· 

. 
Wh�n thetotaliairfiow is1too·Higli; a

_
si�c3:Dt ainorint of · ''·airflow is. �uced .. by 38%, the duct vibration should be nuxed air bypasses the cold deck to mamtam sunable suppl..�., · reduced significantly. Consequently, less dirt should be blown air temperature and,_th.us, th�_dfJ�ed r�ll} tem�ra�!f �f?·)· ;\illt'.<f'l'06trls:· .. ..-,;<,.; .. 1 «:1 :·· 1., .. �.:1. • : 

no moisture can beremovedtyllieheating co��f? !Oom1&l!l..:_ . . __ - ·-· _ _ _ .... -- - - .. --- -
.- u v-e huiniciity cannot ne, r.nnrroil�.d at a �uit��1-� �����· ::�E:.n _ lg'lpt.me.ntati�n ot tmpro�:op�r'ati�i 1irocec1uf.es the total.airflow is correcr,itt design cooling condinons-;-tno� • " ' "" 

thil!l 90% of the air shoufd flow through the cold deek.-If the -- Frem November-·1 to November-3, the -aiffiows were 
cold deck temperature is controlled at a tempera�� lowe��, · reduced by closing both return and outside air drirlipers. The 
than 57°F (14 °C), the rooni relative humidity should' be mii!n� relief air outlets were kept blocked. The economizers were f'· . C.:l ,· . � 

.--------------.=-i�-ir-ro.-::r0._9�1L..:;;-- -· . . .... 
'�� .... n.020 • ;::::.� •·· ",- -- J • .- • ···� . .:.! "" ' , 

:;; ·---a· 
0.015 i:E! ( 

-..: .... 

�
-

_;:
:_· ·--· - _... 

]\c.9 . ':.1: • • •  

-·--...... --- -=----0.010 TZI. .. ' ..  
'•. ..-.. �:.1.-:-

, . - . �----- ..__ .. - - ........ 
c5 ( .... , 0.0�- ·-

20 30 �o 50 eo 70 :e o  so i o ua 120°·000 .� 
O�door Dry ,.Q1-Ub · :r_..mper.at.u .... (F'}---- --- -- Outdoor Dr)fr,Bulb �a:>perat.urc (F) 

!;> 
- ·-·· -- :a 

0·-<U·:;:-._] 
:��� 

� 0.010 = .. 
� 

0.000 --5 

I ' ·,, ', i ·,".' 1).'.','. 'j':_'·�, · - · ·---···· · ·� ,. ···•�-• ·-- ,. _... •-- - -..-Figuze. 2 P.syc�rometrie-----j,rocess - : under · as-JOUIUJ;.-;: - Figure 3 f.sychrometric. process after airflow red1�tions 
co.n_'#�ii��j_ w._ith(,.,_typidal.A.ustjn }Veather. -- . : .. '.:'.:...�- -- ·-with typicalAastm weather.--·- · · · -:� · 

! �l � ' . : .-. � 
:: : ;�c-;. 
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Figure 4 Comparison of predk:ted ehilled water·antl hot 

water:,consumption before �d after the,..t,Jirjlow 

selected rooms to represent whole building conditions. The 
;�pressure across the security door (building pressure) was also 

measured. On June 14, 1996 (after airflow reduction), we 
.repeated �e measurements_. Table 7 presents the results. 

During the site visit on June 14, 1996, all the office work
ers said that they w,ere.'.�atisfied with the room conditions 
except in two rooms that were served by AHU F. It was discov-

. ered that one of the hot air d�pers was malfunctioning. All 
the office workers who were in the building durihg the summer 
of 1995 noticed the significant i.mprovement in comfort condi
tions. 

reduction.· · · · 

The measured energy savings agree closely with the 
predicted enei;gy savings. To compare with the predicted 
energy sa�gs" the monthly aver�ge hourly energY. consump-

• ;. '.! tion was caiculatedfrom utility bill data. The monthly average 
kept disabled: Table 6 2presents the results. The total air h��l.Y. electricity consumption was determined as the ratio of 

"• supply was reduced from 140,700 cfm (66,4.00 Us) to theo'�ed total electric�co9��p�onandthe ope;-ating hours 
92,130 cfm (43,480 Us), 0.90 cfuiift.21 (4.6' 'Us·m2). The in the: billing perioct- 1 The, IJlO�Jhly av rage _hourly gas 

I� 

ou�ide airflow was reduced: from •79,950 cfrn (37, 730 Us) to cons�11;nptio¥ �a�, 4ete�I).Qd a� .. the ratio.; ,of.. t$:>W. gas 
10,840. cfm .. (5,120 Lis),· 0.11-�·cfiii/ft2 (0.6 1L/s·m2f The .. co�uVW��ri and �e,Jt�b�r .. Bf hours in .th�_,billing period. 
airflow was.increased in•:AHU>B;·1Arefa.tivelfhigh airflow The monthly average hourly heating consumption was deter
rate (1.3 cfrn/ft2, 6.6 Us·n'i2) was continued, in ARtf� since ., .��::. �sin

.
g measure� g�, �9n,s�ption wjth an assumed 

it S�.es a.. major conferelloe room; The 'modified "whole . 'OOiler., effi(f1ency of 70o/a..._,� mqnthly av�age temperature 
building airflow rate is J8% 1ower than the o�gillili'. .. designj_

, ��s_ d��e��as�.e �vera¥e of�me.asured hourlytemper-
. value. ·, ;;: · « r • ' _:_"' _ ahire valµ� m Austiq, � 

- ,; , . . &:u;-:> � � .. ·"' 1. _ • •  � ... :�·::� 
During November 1995;1the recommended cold 'and hot· ...... Tl\e b��- p��, was-�en)iow. J\JJ.gUst 11994 to July 

deck reset schedules were also.fully impfon'ienlied; ,. ,. i9�.5. t'4rJ�pst periocL�a,s taJ5en. fr.qm Qctober J:995 to May 
. . . '.: !([ .�i ... ,, - ' '·' • -·· ··.�)) 1 96 .MEASURED RESULTS .1. i: ":t .: � ·w. ,,;:;. ·'1 : " ;"'!!' !i' · ... 

, ,f.igure,,5 �ompai:eHhffemeasu:red!monthly average hourly 
··:' On!June 8�995·(before aitflow reduction); we measured elec1(ric;it)!. c;ons)J.Inptio!l �b�fore . .(•) and. after (•) the iriiple-

. temperatures., relative humidities,•iana-�Oz levefs in 'f8 pre- . IJ?;eIJ.�tion,of�e iµi,provctd operating;procedures. The simple 
! , • I (" ' ··�1 : ":.... , , ' ; -L • ' 

' ' TABLl:?'5 :,id· . Id , ;;. .- t I. . 
. 1: . 1 ·., ; ... ·;_.; .... �. · .. , • . '. ! .,. � . - ·i/ ..,. 1- . '', )�:.. . ..�: , q Comparison of the As-F�\.UJ.Q and Reco�':"ende�·outside �ir f.l�:,t,.Scheq�les 

Qutside Air Tumpera�. _, 

.. � • " . ,., 1 , . .  . 

Cold Deck:Reset . .; ; ' 
.:.:: � 1·--. - 54'.5°F .. As-Found 

'· ''110! • "L · 

Recommended ·.1.ic \,. U.D 

. ,:ABU.'-

Total cfm 

,, 

.. .. 

O.A.cfm 
. 

-
� -.. ;"'; .. 

�' 
-

Detign 
Area 
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TABLE S �-
.'\ Comparison of Airflow Rates Before'�nd A1-� the Air11dW �odifications 

• . A F \: B  ,.., �;�.'\"C Total "=:: 
Before 73,200 12,800' 26,90() ·iz�soo < "' 140,700 

'' ' 
2i,6501 

' 
.,, . �r 26,990 9,980· 33,510 92,130 

:RedJ�iion .. 
-. �6.l50 . 46,210 2,820? . -6,610 48,570 

.� . 

/BefQre . . 43,500 6,500 12,800 17,.900. _'"':: .79,950 
. . -� : ... >.\2,740 3,940'i� ·- 1;6�9 __ 2'fter: .v .. ; 2,510 :!-·, '· I 10.840 '.· .. 

... :;,- l • 

Reductiott· ' 40,760 3,990 8,860 16,250 6�,860 .. • 41'; 
.. I.' . 36,800 

�.J.J " � -...... \.! 
,-..· \'l.cfm 10,000 t,i,3Q.Q - '� ... 21,14? .. ,,:· I : 1 },2,,42� 

',; ... • J : ' 30,300 6,800 40,800 21,100 99,000 

% 

35% 

-
87% . . .. . 

:<�I 

5 



TABLE7·- •; 

Comparison of Room Comfort Parameters Before and After Airflow Retluction 
• "1. " 

Item Before After 
-- · 

C02 400 ppm - 500 ppm 650 ppm - 800 ppm . 

Room Temperature , 67.0°F - 74.5°F 72.0°F - 75.0°F 

Room Reiative Humidity 'i8%- 69% 30%!� 55% .. 
· -

Building Positive Pressure 0.1 in. H20 " 0.021.it H�O . 
'"� .. i.. . ; \"_" 

Note: On June 8, 1995�the ambient air temperature was 88°F (31°C) and the relative humidity was 60% (;�; = 9.018) during the �asurement, On.J\IIle 14,..1996, the corresponding 
conditions were 99°F (37°C) and 50% (w00 = 0.021)i�uring the measurement. > ' ·· .-
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Figure 5 Measured monthly average hourly whole 
building electricity consumption vs. the 
monthly average ambient temperature. 

linear regression models shown in the figure are based on the 
measured data. When the ambient temperature is low, the elec
tricity consumption is higher than the baseline because less 
outside air is used. When the ambient temperature is high, the 
electricity consumption is significantly lower than the base
line. These observations agree with the model prediction 
(Figure 4). However, the crossover point is different (40°F in 
Figure 4 il.lld 64 "F [18"C] in Figure 5). Use of monthiy average 
values of electricity use and temperature has increased the 
crossover point since the cooling energy consumption is not 
linearly dependent on the ambient temperature, as shown in 
Figure 4. The measured electricity savings are 90 kW when the 
ambient temperature is 85°F (29°C). Assuming this reduction 
is due to reduced chilled water consumption, it corresponds to 
0.9 MMBtu/h at 1.2 kW/ton. This value is consistent with the 
predicted value shown in Figure 4. The electricity consump
tion has increased by 50 kWh/h (0.17 MMBtu/h) when the 
monthly average hourly temperature is 52°F (11°C) due to the 
operating changes. 

Figure 6 presents the measured monthly average hourly 
heating energy consumption vs. the monthly average ambient 
temperature. Simple polynomial regression fits to the data are 
also presented in the figure. The measured heating energy 
savings vary from 0.05 MMBtu/h (29 kW) to 0.60 :MMBtu/h 
(205 kW) as the monthly average hourly temperature varies 
from 75°F (24°C) to 52°F (11°C). The measured gas savings 
vary from0.12MMBtu/h (35 kW) to 0.88 MMBtu/h (258 kW) 
as the monthly average hourly temperature varies from 75°F 
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Ambient Tempemure ("F) 
Figure 6 Measured heating energy consumption vs. the 

monthly average hourly ambient temperature. 

(24°C) to 52°F (ll0C). The measured savings are approxi
mately 15% smaller than the predicted savings. 

Figure 7 presents the measured peak electrical demand vs. 
the monthly average hourly ambient temperature. Simple 
linear regression models based on the data are also shown in 
the same figure. The measured peak demand reduction varies 
from 30 kW to 70 kW as the monthly average hourly ambient 
temperature varies from 80°F (27°C) to 52°F (11°C). The peak 
demand reduction indicates smooth cooling system operation. 

Based on utility bills (August 94 to July 95 for the base
line and August 95 to February 96 for the post period), the 
gas energy use index was reduced 51 %, from 42 kBtu/yr·ft2 
(0.44 GJ/m2·yr) to 22 kBtu/yr-ft2 (0.23 GJ/m2·yr). The elec
tricity use index was reduced by 21 % from 53.5 kWh/yr·ft2 
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Ambient Temperature ("Fl 
Figure 7 Measured peak demand vs. the monthly average 

hourly ambient temperature. 
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(576 kWh/m2·yr) to 42.0 kWh/yr·tt2 (452 kWh/m2:yr). Ytbe 
building energy use�p.dex was reduced 27% from.225 kB1:w' 
yr·ft2 (2.34 GJ/m2·y�j to 165 kBtu/yr·tt2 (l.72-GJ/m2·yr). 

CONCLUSIONS 
-:.- - --

In the case study building, the airflow reduction 
decreased the_pe�·room relative humidity from 7-0% to 55%. 
Reducing airflow:rates and resetting cold and hot deck temper
ature!r as functions of ambient temperature reduced building 
annual energy use by 27%: tf appears that the' excessive air 
bypass of the cold deck was one of the major reasons for the 
high indoor relative humidity in the building described. 
Correcting the total airflow""and the outside airflow rates 
signiJicantly improved the indoor comfort conditions. 
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