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Energy conservation with buildins HVAC systems continues to be of concern to ASHRAE, 'nlis 
paper reports th• nsult• of ASHRAE R:P-471, "Development of Desisn Guidelines for the Proper 
Use of an Economber Cycle with Heat Recovery Systems." A method is presented that will 
ena.ble the design engineer to properly select among an economizer 11yste111, a heat reclaim 
system, or a combination of both, based either on energy or cost consideration. 

BACKGROUND 

The concet'n fol' energy conservation has led to the development and use of heat recov•rY 
•yatems that recover the building internal heat before it is discarded in the exhaust air, Oo 
the other laand, economizer cyClH have been widely used for m,oJny years in all-air and air .. 
water types of HVAC systems. They are widely accepted as a means to reduce operating time for 
chilling equipment when cool outside air is available to be mixed with building return air in 
order to provide cooler air to the cooling/dehumidifying coil. This is done with a variable 
position outdoor air damper controlled by a temperature or enthalpy sensor ahead of the 
cooling coil. This· damper is usually used in conjunction with a fixed mini.mum outdoor air 
damper so that the required ventilation air is always available for the building. 

It has been suggested that heat reclaim chillers or heat pumps should not be used in 
conjunction with an air handling system that incorporates the variable position damper 
economizer control, because the economizer operatic~ would result in higher annual operating 
costs than if only minimum outdoor ventilation air is used. Others suggest that outside air 
can be used economically in a heat recovery project if properly controlled to maintain an 
overall building heat balance. 

In heat recovery systems, the term "balallced heat recovery" pertains to the functions of 
reclaiming internal heat, raising the temperature to a usable level if required, and redistri
buting this energy to the required locations in the proper amounts. It is implicit in this 
definition that heat is to be generated only if there is an insufficient amount of reclaimed 
heat to serve those areas need:f.ng heat. A truly or totally balanced system is one in which 
all components work together throughout the year to use all internal heat before adding more 
heat. When internal heat exceeds building requirements, the excess heat is stored and/or 
automatically rejected. If the economizer (free cooling) effect of the outdoor temperature is 
simply controlled from a local room or duct thermostat, outdoor air in excess of ventilating 
requirements may be automatically supplied and result in exhausting valuable internal heat. 
This, in turn, may cause external heat to be introduced elsewhere to satisfy another thermo
stat, violating the heat balance concept. 
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The questio~s ' addressed i~ ' ·;this'\1'tudy; ASHRAE . RP-471,', t4~~~ :' ~ h~J diies ·: on~· d~termine 
whether to use the economizer cycle or a heat recovery chiil~t bt 'both; ho~2 does ohe :b'est 
control the total system; ... how cO!llPl.ica~e(l .is the design process; . what parameters are of major 
influence? · · ' · · .· ·· ·. · .( ·· · ,,. · · · ·, ,. ' · ·· -~ . )~, ·: :J:· · · -' ;c:,.:,. · 

• • • ); I :;.: ::.q:=~ . . ~I 1: _. ? 'J ~-; lJ :tT(;'..J :_. .-1-:r ) •.'.t : '! ,::_.i~ 

The study focused on HVAC heat recovery syste~~ used in commerd.a:l:, rihS'titJt'i)CSnaf;·'and 
industrial., (CII) bui-ldingJi:c anij. the appli~~.bility o~! .,t~~ economizer ~1-f·~e. J.ll. ~:U.C? · -~y~;e~s _:, ::-.:"; ,,. ') 

~ -.. f t: . 

. '· Jr 

- ~ I .. - :~. ~. ! t '; .1.l (., ' r:; :: : • l 

. ·.~'. '· ~ i . - .: ;.'.! !_ 

REVIEW OF PREVIOUS EFFQR.TS . ,., ,.. .~ , ,. .. ,. . -. ,,1,. . -' . :· :d. ·c . ·:i • r. .. f 

, ,·. :r ·. ·~ :T i: , b .. ,.: l t r - J ~ -~ •• ;, Ci :. :u i ·- o ~~· b . . .r 'f J •. • ; , ~ d ·1 ,. .. ~' ... 

A literature searc ;~·~;,~s , Pi~i~~ea:,:~o ~.l ~cal~'' app=~op"riate p.\taii~l:». (~: dajdi' on comm~~~i:a:~~ ·-;~at 
.. ~ .. HJ :s I ,-1'. ;:;. . iJ l~ rf . ~· lS. ) Y. · # 'O... ",/(J 

recovery systems ~pq ;~co~ p.i~~;r;13 ,"T .t Tber, a . l:a . baa~q ~ ~~~r~hi~ ~?.?,~ra~~)1~-~li9 .: - -e-~;e:~~ces . 
From this search, <?1v,~r 2,0~. ahs.1.tif~ar,ts WE{! e R~i~'::~Ri .. i~ . :i~~at ,P.~r :taJ.~~d•. tP·J c.pmbir?J~fon~· Jo"f heat 
reclaim, . heat rec9YP.~¥ , a:f ,;.; ec.pppll\f.ze5 :.•: f6er~~! 1?.JO~ff~9 , a.~!i" ep,e.fl!v f·o~~etvat~pn~ .t!{' .. 1

l:!d1-
tion, ASHRAE publ1 cations rrom the last 3o years were - manually · sea~~¥~~ , a~1 wa~~ t jies 'A.Jf.,P~l;'\ed 
Science and Technology Index. From all of these searches, over 100_- 'Comp·le'te r~1'eren~e'B" ~ere 
obtained. 

I ,-_ ~ - ·~ :~ ·.:~ :1 . , : J} . • L ~7 ) ·1 .::. :.: i !f :~ ... -~: _j : ·. - :;~ ·~ !: Ofr I • :: f. f:, ~ F.) ( 1) 

McFar~~:e(~~ss ~~~~i~;~f :i/~:y;q~· ~~~ ~f.~)~~J. 91d:~)~r~-.~J.;~~~~~~°.J;~ :i~t .~¥:~·1 .~4~t',~J;~e~2:,:~1:9. 79 
> • 

The measured . d.at~j~~~. ~~; -~ile , ~i~~r. · fure, :>~~.~~ _' l!~ .Jr;~an .~ fi.~~:$) , S,h'd-Hi;i.i 1 :·. ~~8~ n : are 
neither sufficien_qy, COJllp,leJ~ :RP.f 1 ;,, ia~5 ... enougJ1 ,. ~9 !r,,~~~.su ~r~~e . f~f"' t- ~ est'B~;,~h'me1n t : of 
guidelines. As A~tr.e~MetL fr19)l\ ~1;~he ;,ra f, e t~~c~~ ~ . ne,}~P,~r~,.~.lear,-c~·~ , ii!?f ,'d·~~~s'iv17 g~!~ei ., ne,. for 
the use of an o~HM~q . .a1! ,ecoq.,,P},~ ,?f~,~ w~~h . 1 .int~rn~~ - h~!'lt l rec.?'!e"Y.1: :st,s i:~.~~ -~!:'e ~~fa:lab ~e . 
:!~:;~~~ many goPe.i ~J!.d ~,.a~J.ft _i;e~ ~~dat;iops_~a{:e , ,,v~~i~~~e on t.~~ fl~'~·o,r.~ ~~a t .;~e~~~~ .. i;; s on-

.. . r . ... ;.,ic;-~=: j: .~.: .. :,;:-;t; t_:.1E 

McFadan ( 1969) prpvid!"s ~ p.n: f!?f'i~H~m~ £1u~111ary ~-<>.{ ~.~~'3 .Pr.~ble~. :~t}.\.~?£~ 1~?ta!\~m~~ts: 
Freq~~~iiy, /:·,• "JPfP~·~~t ~\iJ. prg·t~·d . ~f~lio~t h~~t -r:eJSr ~i'Y, :. bic'A!JE!e'Hthe1 ·•st' 

e}lgineer does . no~ .. r~~aj.,~; e ,..~~~e·;!'~~~l~~~s.~ ~~fj(~t~d . ?C?1-?·1n~~an_c~r 1.~~g~J~. »:~'. 
projects wi,~.h int~r~pr SJ>l-,P,,,'?6 . fl1:,mo,,~ t u.n~y1e?is~:\1'Y use the so~~~fJ.e.~ .~c6z;tomy l :. , :'.ti 
or economizer cycl.e, which - va:r:l.es the quantity of outdoor ·if'lr abW!'l the · .l 1 
normal ventilation rate during the period of the year when the · ou· ador air· · !'l::! 

temperature 1~s 1l>elow agq~.tj, 50 F."ri ,tfany ~esigne:.$ are,. n~t _a~a.~e , t~at, t~~~ ~: 
system can ~pos~~· to:; a t,grea~~r 1pr .lesser extern= '. '7at?.,.~;t~'f~ci~?:~ J!·eat

0 '1.<?~~; ...... 
which in turn ma_y, a.c~u,,~ .. ~ly~ : iIJS.Y<~~.ase the refr~,gera t~on; ~lo ~ .. ~!yond tha't 

1 
~ • ~ 1 ':.:·· 

which it WOU;ld iu,ve~,)~':e r,t w~i;~ ~ e pr9p~r form_rl of h~~ t t~1C.~~-~r • : At~ tlf-e• .~· ~-.!. 
same time, the hea;ing Xpad t}~ e 1 su~9,tantially inct'e~asad ~~ :· ·- · -•l:: .-~~ 

I • • o o ~ • '"' ..J - •;s f ._:~r • ~ ... : 

It i; here ;h~t a a~~ict of'' ~~-ut:f.Pi,n'. ~~ mci'i"Cnecessary!:· · If~·l:mydb.e".'."' ·'l,, 
advocates that heat recovery, per se, in ·iny fotm will solve 'the '' prob1eiiis~ "; ;: 
then results Jfill .ut4?EJ1; 1 ~!llphatic8t_l.l>; 1 R_rov.~n .tht~ is; not . so •. r•< T9~ end i:es~~,t1 " • • 
may qe, worse · th.a.n i, without , he,at re,~'i'::'.!fry.~1 , l,..t ;is o~~Y th_e7 . P~?:~.er f01::,m _o"f'. " ' 
heat recovery, used cor~11c;ly ~;. , ;tnat .c~,n .s,?1f! e, ,th,e pr:o~le~ •• :.c.. _,"""

0 
, I. ~. ':-.·~:.·· · ·';~~ · , j~ ~- .;~~: 

It can be seen that heat recovery can and must be analyzed for each 
project. With proper analysis, its relative value can be predicted and 
the cost of operation calculated, 

Sun ( 1979) provides additional insights for "the complex evaluations required to deter
mine whe_ther :o_he or, the .othe~, o-r a 1 c.91f!bipat;lon,, ~ill be most. cost effective in a given 
situat:f;or4," ,.-Hisstatement;si.AA;tude.: '· :" ~· .'"'.:' , ,.,, .... -.;-.r:·a " ' :: ':' ' · 1 ·"-"' ,. :; ! t .. r:~·1L~1nt·>; 

~ · · .··· ·~ . ., .. · / :. · ·~.r ..\.,1: · !.~;.u.· i '. J~ '.~·:.;ri· · ·:."'::.:~J :: :-:· -~.!~~~ -~~··;- - :.:..;. ~! •. ?s f 1sJrI:.H~ 

Both refrigeration cycle heat recovery and the economizer cycle are ~-= J-r l..: :(") ~;'J . .i'::.-:+<: 

designed to conse_~~~,.ener..$,Y •. ~h,'i:)Sggcf!l?t~ of,. ~:~~se tw? ~~~rgr.,. , ~oQ~erv~-~~()n 
schemes are basically not compatible, h9~~~~~]:>·· ' -:~. " L'J l:i ; ·~ ~- : -- ;: · ,, .. ,-, ·= · ., . ,;:L·!· · :'.~~':·~ 

In reality, however, refrigeration cycle heat rec~cf,,..,£-ty,' ~'and 11 th~ :.~ . ~·-~ ';! _~"., ~·~ 
economizer cycle can be used harmoniously in a ociHdiilkJ air' tontil 'tionlng·· .. . :ti. • ·1 • 

system to obtain maximum operating economy ••• 
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T.P.er~ ilr~ .. no ~imple, .r~les for d~ciding what energy. conserving scheme 
;}~,noul,14. ~~"-~se,~ _.+n. ~,,dv~ ... ~ o.,~ild!ng... . i· ,, . ;- .• ' ,. l . . ,, 

. ~ 'tj' • _. J . , 3 ,; . 1•,! "! ~ . 
1

'>L···il! '<c·k~'\ii~~f~~t~·d ih th'•:ff( ' ~tticle, the e,,;.afua~:f:'{j~ :> i)~l>eessw't!an;be so 
complex that computer programs may be needed to help speed up what other-

., ,. }w~~e.::~P'!il~ lb~,n~n .ai~py>st impossible ta~~;:':. ''''" J!\c:..r' J_t;.',\ . .,,.. .· -;:.; ; : 'l 

Contact ~'~IEh ~oit·~tit'i~g~ ~:riglneers, desigi-l.k~s~ ·:and man6'fact1tifers ·,wiss carri'ei!' "o~t thro,;~h r.t..-. 
letters, telephone calls, and visits. Responses have been received from about 50 of the 
letters/calls. Listed below are sample comments taken from a few of the responses. 

We have been involved in numerous jobs where heat recovery .. ~~thf- :<:: 
ugal chillers and outdoor air economizers were employed. In many cases, 

.. ,1 ~he ,s)!~~ems were no
1
t_,properly design_ed, however, all the eys~ems designed 

. ~~~8~ :'.;&;'·
11

_ . . .. v~ ..... 0~;! ~~4*1\~~·t.r~.mefr ·r~in .ib~:''t~!lt, './hl·~~lff ·· i!can~~eff- !\.· .. a , ::0:11 1: • 
• " 91fY~c;te"'w¥,.,ai;t recover3 h an~ ~ondetltfift., coPttfols · wet~b coordinaeea1 '!?i11fsu~W¥ -::m!-:J a" : ,~ .. '} :i'.'>1 

.; ~-" ·W?Tipei· v~S ~~ .!t!f~v'iae 'i:'he' ;~Ut ::te'~uff'emttlltf$• .f l3r ;. fti~ bul'itt1Ji8'1 J!:ttt 1 ffie' · '.> "J R S ;, ~j ; '.~ l:l ~> ";'" 

.. , ~ ~-~a.· ·tesj:)·1 ~~J ou~ 9 ·o~' o:-.1:iut1'1We9 i!'i.'ts uslfg~ ~ >thi~W" "t-e~1.i.lt~·d"' .'.ifi11 t:ffl lot.fest · ~n'e'i'tY."' 1 ·1 G ~; • n. ud n ° 
>- .... 1'-'' f , i b !:.l f rt ::n :; ~1 a ., ,i;~· "Tl !> ""'W ' °1 ' " . J cl';J 11 - 'j . ,, . . ~~~ • <Jt ·· •· . • ., . .,.,..s:o.11~ . Q~ ... J:., e ).l,:1. , ?i'ngs - · . . . . .. : . _' '-', J"' : · -· .1,,, .. ·" , ;1-; ... ·: 

.... . "'~-" · -" - ' · · 11 0_, 01 1c _,_.r!:,i ; r"s · ~-·"· '-'":; :.· .. Ls "!O.H .:s) .. : \Jo'.O.tumi· hni> ;>:>ns :· 

. ~~r;it~r turiu~1:/if' ·\i~:::th~t:"J.it'r1Jepe'nds sd~ 1 'the '1!.iteiltiil ~1\eat0 ifoad. 'We 

have ~U:P~ e~8~t .1 ci=1lH~!sichill,yd1 ~~f:ief1 ~}!:~~el!!~ ~~':'.~ t~ei.~ .. own un~que 
cbaractp!~~ti~s. •; .- a~~1 ;l~.d the~~~:;v~~ttJfo · d. '.f:.t~ct 1.1!,~rc:_ha_hgeq ~tween air 
handlW.S::- \1.~i.tll, . s,;v!ng ~reas ,?f. ,r.esJ'?-.1~tiv:atY~<~nii_!l -. a~,d - 1-&~.1~ternal heat 
gains. ~p .~Nery .we we have 1covn~ider~d;<, tjfe .' ~~P'l,,li~y, :rlr . t. ~e controls -
has bee!.}. a. fac;tor . ·· · · I - - · - · r t · • !f. . Y !• 

.. r ' · · ~ t.i J ... · :! · ·' ·, .· • .!. 1> · r; .'l : ;: ,. t: t> ~' ~~ r:} 1 •\ .. ... . f b r 

BE;J,~n.frisd'd~~t3iflrfr~,1?f.1iat~er. heat reG~~ety. ~y~telifs: ' for c~f.Jrt air 
conditi9qing o,ft~i;i e~.~ct etv":';~ ~ ~!:ta~ , the use of .. si:\ .',§1;1tside~~ir ~t'(:mo~izer. 
cycle ~,g ~counter;o:PJ..9,4~.ffi~e, . Af"fer all, the fJiea~ tP h~:· ~ re~'bvery is to 
use internal heat g~~n~ ~~~:~er t~an lose them ~o v~enti~aef~n . ~oads : This 
is normally quite -true at the heating ~sign ·tort<JitrnJ. :ii· Belt, systems 
often enc0µnt~r ':) ~oa~. combinat,io/1.~ wh~re :surplus .. ,int!~~al he~t~ gain~ more 
than of.~~t· the,~e,ed.for ~eat r~~cq_very. :.· · .' ·· '· ',.)... '"'' · ' !'! .• 

., ~. 

'' •• ~l J .. '. ,), - · l.L.l ,.I\,.·_ 1Jt• 1 ·~"!:,~ ') ' C:~n , ._.I"· ' ... -•t. ,. ' I f.-" .• 

TheoreticaA~·, ~~pe \,t;~~\~;m :,and ~.~·q~bti~~ : l ook , i:.~'fi.,fi~:·: ~-~I~ -~~~;~~t~~;t.,; t~~ - saii~tions are 
many. as the losses are min'im~~e~. rn5\{~r ~'\ta~ : e.~~m!na't'e~ ·i · J 't~~e.wi'Se. a,s ·cdst_~. a~e dbnsildered. 
there are many technically possib'le solutlons tha't tfecobie 1.mpratt'ltaL .. ·· ·il • \ '' '· n .. :, ~ '"'· 

;i.:'ln'..:- · ,:: b ~:· ~·;?; E;~I" -~rf -i?., :·i ~r: ,~ r-· .. s~~ 

f•J.1 .... ~ :)S;~t::)..c. : 1 1 "'1 q :: ·: fl.D.:J .di . . \' .!: .'1 .. 

- ~·· :..$. .'1i' ;:: '?~$ .? 

·• ,,~ f :.:..r.r::- i. ~q . --; ~I 
· n.s:.. .1 ;_ 

: W . :1·1~ 

METHODOLOGY l} ,,._ L.: ,; •::. ·_, !1( 1.;,. ) i. ~ (I o 

; l f° · ~ ; J I r : 1 .' •. . P •• - "° t • . " 
r ··· · ~ "'··· i i· - !:"!<· .- 19 ~ ' :·.t_ : R 1r:· J:jJh b ; ~ ~ ··j ' . { \- ·.: 

Fundamen~~l"'fo ;a~swe~f~~ ~he , queshJi\~" pos
1

ed .~ :t'he'Ce1'·i1{''n(f 'ii6ubt fha t· an·t~riefgy lfalanc:e tnus t lie 
achieved. The first law of thermodynamics would not have it anyd·oth'lft' <i'e!y ~1 !>.:1.!;.; but:'for Wlfa:t .u . • 

period of time? "J.;;; ,, t : - ~ · -,~.il'll?!' ')-'~- ~ ' b ."::. ..~.. . r ¥,',' <• ... ~ .. '. '.!' -... . . ~·t.. :·il~"f · ;, .\: - '1/ ~ ......... ·' J).. :: t·. . ~ c o . .: 

Instant~~e~u~ iii1'.iince. (fig~rly) .:.: ·aiti\piest ·ti.> ·c:oiitf'of ... "'.li'o's1eora:gei ;, ,)(,. n 
Daily Balance - most common storage" 'syS'e-1i·~n !"J. ':" >"~ 1"u:. , :i c. .-; v ... u; :i'. ;,. ,_,, '· · .. "'":>e 

~::!i'-M.~~!~!~h.S,:;:~;q~~~- b;~t'l !~~:h::i :: : ;; ., ~ ~l .. •'t ~"J .1~ " '° ~· .. ;f · ·; ii c, .c1 
''· ~- 9/ .. ~ ! 'i" ' ; ' ( ;· (_ p~ · :~ ··:: :!.JlJ ')fi: 't.~f :} .• 'J' ~~ d i)'fu '.J .if>;., :)\~ ::}. .:ni 



L[ t 'I : .. ' : ' .... 
Another necessary requirement for the most e\fficient d~sign wi.t:P,." '\lelil<t re~ll!-;lm :ts to.-· .yse 

the reclaimed heat at the lowest possible temperature leyel, allowJLqg :for hig~/· 90~~ ,(l~w 

HP/ton). !·'.):, }' " .:r:., ·. ·_;:· L-''C;;:: 

There is also no question,. if there is excess heat, 
lent, such as the thermo cycle-, the strainer cycle; .. or 
towers, must be included for an energy-efficient system. 

.: . ~·J: • ~~ 1-:~· ': ':l~l) 

that an air economizer or its equiva
fJ.uid coolen<in pla~!f!,,,o:f<: c9o_H_n.:g · r·e;;_; 

.I '. H .~ ·1 ·,, ; : / .: . ..> :'-,. .' ' : 

The most reliable means of de:V&lop'.in'g · p,eneral (~uid:e] -tneir · for l;l;le uf!f.) : -pf ni r _ c~J'nomi?.erR 
with bent recovery is through the use of: bu:J,lding 1-oa&-programs ·'capap·le of - tak_in,g·-1:.nto;;account 
the load reduction using outside air . f Qt°" cooling. · ci ~'llhl! load P't'ogr~!D.: ;us;~(! _i.IJ.. :~tq~ , _, ;oJ,l,~~~ng 
analysis was a modified version of the AXCESS Ene·r.M'i ·Analys:t.eo . . Gompµ-t.er ;_Prog,;~m, which. p~~!prms 
an hour-by-hour analysis of buildings using :actu~l hd.urly 'weatheii rR.~ta ;,- . . '!'!Jr. analysi;i; 2 l!lv.~lua
tes the detrimental effects of the econQllillZer, Jcwtle;~·as well H Jhe p9~;l.t,;1.;ye::·effects .; WJ,J..hin 
the limitations of the availa~le data and the developed correlations of effectiveness and 
design parameters, recommended l ·d:eei~1k guideline.s. ·f.n.r: the ;:prop«t:rr1U8e.):Of:·:an e~pnol1]jlz;_e.~,_ -;C!y~l~. , 11-: 
with heat recovery systems have been developed. These ·guidelines addre&;&·:~tJJe applic;~b.i)..~ty; .'.0:.~·::,- 9 :_ ; 1 
the economizer cycle and the probable design parameters governing the degree of effectiveness· 
(energy use and costs) of the combined economizer cycle and hea.1; .. r.eclai:m· .: sy~J'li.m,!!. \J'l'Ju~Jol-
lowing methodology was developed to evaluate the combination of ;•an econqmiz~;i;- : cyc~e;, _;~ji~p a 
heat reclaim system. .... . < ·. :=J:'"1 'f iA!JY. V):' ' 

i. :;:· . ; :.: · f • ... , ,, 

An hourly "loads" program must first be used ) to de'.t_e,flllUt~ ho:u~J;y: ·:heat~ng lg~~~ _· (Q!j~ , 
hourly cooling loads (QC) without an economizer, and hourly cooling lJ>ada (QW) .w;l:t)l an-1a:ir 
economizer. Once these hourly values are determined, daily~ monthly and annua'i ;,~:lue~· f(;r QH, 
QC, and QCW are found. These sets of loads for heating, cooling, and cooling,:w.i.~)\; : .. an econo
mizer represent instantaneous (hourly) requirements, daily storage capability, mo~thly storage 
capability, and annual storage capability. .. ;•: .. , 

A separate algorithm or subroutine was developed to compare energy requirements for 
various priorities when an air economizer and/or heat recovery system are used. These four 
combinations are as follows: 

1. Heating saved without an economizer and using a heat reclaim system with a selected 
hetit tej e-btion:'fa'ctor. -.:' ' >: -.l, .. c '>L. ., ·~;;.i.:o.' ::,.1 .. _.- .-r~· 

' '~j J • ~J • f •• ~) • ~ '1 •' ;>(" ' ""' • j • ~· ~ • I "'Io 

, I • - •'I • o .. ' iJ fJ,. • "\m 
2~ .... "Heat rec~~~m ' l~st whe~~ an d.r eeonom~zer.~with e(lonomlzer pt::.lority) is -,}l~e# · ::• L :,ni·j<;;,,i 

- ·--:-~
1

' _· _ .' .. • \' . ···'. • • • ·11 "'.1t: .. 1t1 • ";". • : i . . · ;1::i ;r ) .::::.· LCJ-.->nJ. 

3. Cooling s~~ed when an '-eCoholnizer· is used with .e.conom,zer-. ,p,::4,_ority~ !. i.. -; -'· . q' :-. : :.l ;,;; . ~ 
} .22.:- '... '-j~~i }.!·. 'j '.; • ·:·I ' !: . \,\" :..; .: · J:~·~ 1 ·:·· .• ';::J--:,dv.:~\.' 

4. : ~ooling'•savea witW :· an - ec'ottollt:f.:z:4it in the system;.' except t;:h~r J1eat rec~aill!-;~ad. ;pf11,9ri.~iY::r!J ·:, 1~ 
during operift:itfn-_ r,~ ·" • "- --~uo"'·· . . • ... le.• ·~ , ,.- : -: .-c ... !>ii~ 

Two pr:ograms wer e dE?v'e~"Otsed to ct-l<lYJ!~~~-these four terms using ~~>Ur.+y.? daily. 11\?~tr~": . 
and yearly :1oads from the :< AXG-ESS l' Ene~gy •A.nSll·ysis ~rograin• '!,he first p_rog;ram ,wa 1 do.~ .. ri-:'B}sj.ft ··~:,;{.,' 
in order to develop the logic and check results with manual . ~_!llcu-!a~tiop~i· A. ~.-1.W"d .. _ J_~Pt11;. i.ri:~ :::~ !.':l:" 
was developed in FORTRAN and was added as an integral part of mm to perfornr-ttrr~ml!'""----·-
calculations within t h'e" frtimework of tlie .-AXCESS 11r'o-gram-. ~ '/'. s-ample. ou,tput of . the,. ~r-~ult~ ., is 
given as fable 1. .._ · ' '· · · ~. · - · • :-rs. , ~ ·1. ! ' .. , I . "'~ : . .... , _ 

• i rrn • , .\ 1. ... • y. •. ,.. , ·) . ; i... . ... ~ :. 
J rt :. 

.'")1: ( -. (.!. ·~ :· ,) - • ·•·•.1r 

DATA ANALYSIS 

" .. ~ - ;, 

• • i'~l! r.: :-
. . ~ -· -

} . 

{ j 1).' - :-: .. t: !r~; :) !-1 r . ~ : . 1'· . .,. ,...""\ ,.. 
. ·. • .. ·· ... . ... ... ~l .L t .. ft· .. 

A spre~<i~h~ei: . analysis wf:ts cafri'ed ,ou·t · for the data: .gener a. ed._. .. from the ·AXCESS ;prBgr?Jn! !,9.T: ~ltqr. :i:: : -.. 
use oC!t.~,r ec,onom~z'ers w ·th· heat··::ec:ra'.im s·ysteius .. ~ Th is• andyais ~go.sid~rec;t, ._ t;~~ !.1ise ,,c;if, ~.h~ :~~S :: ,,,ff 
econom!Zn and 'heat '··reclaim -wi"th the · vadous· prion;t.tieD· for heat..:1-;ng_ _and co9li_Jilg! : ~!1.e .efj i~~ _ :,.:.: :>-;d 
!ency of the heating unit, heating value of the fuel, fuel cost, COP of the cooling unit ~· ~P~~ sq._ 
of electr.icity, additional cost for heat reclaim, and additional payback per.iods for reclaim 
only, eC:bnoniizer ' only~ ' both1; 1 ~ and.'" econottiizer wit·h rec_laim· p.rior:.ity:J·<!~r:"~1 ;caJ.'"ul11-t~d ~ .nd c;;o~arec;J 
and a selection· wits made ll)as~a OtFsililple · payback~ .; • _.,,.. . c • • - ·r .... ; ~- . ? it. - -· . - .~ 

j i ~-. : ) : ·, 1 n \; ; '): - ·:· · ~· .:rr . ~-. ;.._ ~. : ... , ;. ~: ~ . "J: • • \ • .l t .. ~ .... J l ... !;:: t i.: .. i;. 
h .. . . - . I _ , :: • l,. ... j {> ~ .: 1 ~- l :<. \ . :· 1 'J\• , ' . : I . \ I;: f \J ··;L: 

A sample of thi: ' '.o\ltpu't 'iS ''sh6wn al!l ':'Table .. 2 '~ ' ;, 0e' ign/select;l.op,. data _are .. thu!j! .,~V~il~~;Le : to c
1

,, ; ;: 

aid the ·engineer ln! evaTua'ting'. ·the rel.at Ne meri-c.s :of· .the var;hms :c.Pffll>i!lat~q~s· ,,~n,d11 tql(. :l}i r' :; c. ,, : .s,. 
control (priority) systems. The following results are provided so that the potential savings · · 
in energy is available: 



HEATING SAVED WITH RECLAIM (no economizer), kWh 
:'HEATING SAVfo WitR RIECTJ/4IM (economizer pr-fority), 
HE~T RtCLAIM 'LOST DUE TCT· ~ECONOMIZER, kWh : ·•· · . 
COOLING SAVED WITH ECONOMIZER (no reclaim), kWh 

kWh •• 

.COOLING SAVED WITH ECONOMIZER (reclaim priority), kWh 
,_,., t •., ~; ~ " :: ~ 0

,4 r • ~. • ) iii q' .)-!" ., _:[ ~ ::} .• ~ .:·. ,., • " • :J ~ ' • r 

Operating cost'; savings are also provided as: ., . 
iJi!i . ~~ 

. ~ .,~ .. ? i..-·:· .• ~8 ~- ~: 

HEATING COST SAVINGS WITH RECLAIM (no economizer), $ 
·coot ING COST ' SAVnrns Wi!!TH ECO~MlZER ' (mp hea>t rea!liadm) ~, .,$ .::; 

lf: ENER<n ·cosT -SAVINGs WI1'H BOTH' ·(teclaim rpdor:Lty!h $ c 

' .' l . i'/ .' 

~· ENERGY ' COST '1SAV-INGS"·iWITR"1 BOTH (economlifzer prior.ityh 1 $ ··. r; , _ .~ · • 

'>. : :•· H~A'fING ·cosT ·gAV·INGS (e~(Jttbmi2teiI'·: ·pribrivt:y')~ $ ·>::;: .. i'>r!; )< • 'n' 

''C.00LING .COST SAv'fNGS (lfflat "T•i!cla:im pr:iority), >$ ; . • ir. ";~, ;, , ; , '.·t 

' 1 ' (dSS IN HEATING SAVlINGS DUE T8 ECONOMIZER RRIORMrlr,;;. $ s 9rJj 2 · ,_ j 

~·:·tTJ! ;.. ... ~·!:>. lo '::':r·;!. if> . ..!. • ·1 . · ~.t .: J..:-~·1~~-~ ·:·1ri ·· U.1 11 • t::~1 •. r dr: ~ .. 

') • : ~ . br 
J • 

., L: 

·' ) !' Ji~. '.iJ. : 
W~th 'a·u'f'fllil.fent ' ':lliput .. 1on~'i!quipment casts, results~.i:an he-· oM:ainedbtor a decis:t,Qn ~~~~.4. on ry 

life-cyc~le' 1cdsting '.as folloW:f ::>'.I'' iro "-''~' . r. 
~:·::..i ::C»'i .... ~·:,: :·,~·~g! ... ) .:~ 1 {: !i';. .1; 

'r • .:,tf...,. 
·. J ;.:..-rr •.. -~ t-:i . 2 .'"'! . ! ~J -~ -· 

,., 

'! .· 

·'.;.•"' 

rf 5 • 

. DtStRED SIMPliE 1 P:AWACKi cP.Ei1loD, YRS 
RMArMi ·YAYBAeK·' PER'IOD, 1iy,a ~ t . .::j,,r. 

:r- ~ ~ .. 
·f;.,)fi :i·~n . 

.. ., 1'1J. j ~· · 

'.:9.11 ." ·. 

:rn1~ ·. t: 
ECONOMIZER PAYBACK PERIOD, YR 
COMBINED PAYBACK PERIOD, YR 

. ECONOMltER (afhr''RECLl\IM) PAYiBA€K' PERIOD,, Y.a-
. ~FINAL · RltCOMM~DAT'IONI .,. ., · ~ · ·i Lrrn 

. ·.• - . BOtllt '·' .· _{3 \ b' ·~ : t CJ' :. ·._, , ' 

" ' ~~)I l' ()Or flr 

r nn .> . r ·. · .. 1 ; \ .. '1 

. ,(f{'t!. 

' ) RECLAIM •:· · ;; ~ :.i:: 
:·~\"' ;c ' ECdNb ' . :;,s:i !;c,~· .t.~~f, : ~ .. , l • : : •··· ,. 

NEITHER ;); j (• . "( ~ .·· . 
. u. 

r~ ~ jJ~: ·r·1L;.:i ·r:) m:··: ~ · .. · .~ ;_, 1 ~ r: '.' 
--~~1"1rt•.JlJn-'~ .!0 J;f;, t ·• :. .,. f. ~c.r • r(· 

SAMPLE RUNS 

11
1 

~ 1 · r:: , Ii. · : . •• • : ~' ~l ::, ; r,.·, 

The spreadsheet program along with the "loads" program were used to .d.ve.~~p taJ>1es .of ,~nfor
mation comparin~ the different possible combinations of heat reclaim and air economizers. The 
heating efficierley ·tias takirl''as . 1001.u~elec:trical), 1ther eneirgy·'. ~~s,~f: ei-~~ $0.0~}tt-{P)ll)leat reel.aim. 
installed cost at $0.33/ft , and the economizer installed cost was $0.15/ft • Various changes 
in chiller COP and buildli:ig0 ~pili<ametelrs rwe:re ·then incorporatietlt;.r.il-.n:to ,';-~.he ._. af,!lcuJ._e<ffons : .and 
payback periods were calculated. The maximum acceptable pay back period was arbitrarily set 
as thr'i!~ years.. 1 "rh·e: 1ielect'ed·· 'thi'.IJler COP· was 2 .5. Calcul•HM~ ·::~~re d~e foi::, qi.Jl~,citi~ in . 
the U.S. for the four values of thermal storage with the results given in )~l>:i~ 3 •. ' , ~. .. 

I.~.; /nu;~ t0 ~e, emph'asize!P 'that these results only demonsti;{!lte. .the cJ~J!nwlec.t:)..~:m proq!dure, ! 
They a'r'e; 1 exam 1-es onl , ·wi"tfh a·rbitrarilyi chosen energy v<f&s,ts a,i;id payh!Jgk_. . perio4.r. : . The ,. design/ 
select~l!on • ro a ur ' a ' the us-Uful ' result. : ' · · • . j 'u~ , ·: ,,.,~., nJ-i: ~ .. ~ : ~. : ii°J i:JL. ;, . 

. \ ... .. · . - ~ ' 7 r,,'r'i,i .' .f j'r£ . i ~ . L~~ :;.h ~ ·· ~~')f, C.-t;, :,O.t ,·;/ .. hJ":;J ! " 1 fi 

Figdre · 1 ' sl\ows ,.. the' ann\iall en~·t'gyF: use Dt!l.r3rine ·ci,U:es ~111 the ~S.,;,{.Of1 ~91tjt he1~ing a,nd 
cooling. The heating efficiency was taken as 100% (electric); the COP for the cooling unit 
was 2.5. This comparison shows that there is a wide variation in both the annual heating and 
cooling energy use for this building at various locations. Figure 2 compares the annual 
heating, cooling, and total costs for the same conditions as Figure 1 and for an electric cost 

of $0.08 per kWh. ~.'. . • iii.: .... _:_:_._! 

Figure ~ illustrates the potentia l energy cost savings for the combination of economizer 
with ~~~t r~.cialm · prio'r .ity .. ·f ~r various 'g'e<t1gntphi.c'1 locatiop.s w~",re n9 ·~her111t1 .l ~f9rage i~ <;1 \;l!j!!~ , o, 
The gt erat es.t cost '°sav~ngS' .. Ji~s o t!cllrr~d · , fo , Ses t dle and~ .. San; Franc·t.!lco.,l .si..~d thl! t'fptain~ei;-, 9f , t~e ': 
locatil~~ii~1 exhi~ited ~ 18bout·: equaU. i~vings r, · Savings o f up .... to : $29...;00Q : -wer~Lpgss~b~~,~~d~_h; th . J r 

type of · ii)'.stem'; " · :l ·o i'. • : t-·. ·· : . ' ": ,.-. ;_ .. 'n ;. i. ·•::. .! -· :· . ··: :2 · ·.1~ :f :J r.' . 1 
•·11

' I • ; H • • • • ' 
0 

J I ' f • ~: • J.J ! .. • • ~ 4 t \ ... f"'. • , '\ l,'•: : J ; ; .. • t i t , .. v • ~ 

Figur~' ' · l;· compatesi the12 ins-t.antanebus',..; dailyo.i monthly f :. 11-Jld·· ~.<Htriy, h~at,. ba4i!1c~s1 fo~1 , t~~ ::· - .,. 
same conditions as in Figure 3. As expected, the grea t~r l tbe .~ $.l!IOUJl!; og ·:: §!IO;¥,g~ ~~p..ough 1 ~Of::. ~ i 

day, mouth, or year) the greater is the energy cost savings. There are significant dif fer-
ences ' fo ' tl11ei r. aitn'1ial cost - savii:lgs'J" $8:, 000·' toi , $>50', 00.Q, for " V~rio4.S-:'qu~nt ~~,ie-1? ,..oL s, torage aQ~ . 
geographicalulcidtti'tstfSt :.for· 'tlti'i!1 building •witb:-heat ri!cla:fr1J1 :i (priot:i.~y),,,a_n.c\, ,an,1 .air0 economizer. <_, :: . t 

'": :~r · n·.~ · 1c ~i ::· '7£ri"J t 1 ? J ·-.....- ,-, :u: .:j '." ! fr~!. ~~, _ _:_J,:: .: ... 4·~T .. am~_;".".'. ·_.·; . t ~ (. .... , '" ·. ; 



Energy :·cost s-avings in percent: :for }!_eat -reclaitt1- wi-th ec_onpJllizer'. ~.or yario_µs 8~9c,~_~_ions ~d ;-.. , 
various quant·ities ··of storage-. .,are· .. illust~r_at:ed· in F,igur~, s.~ " L:U<;ewise,·- '.,e_ost s,avif.ngs:r -:1,n $fft --·-----
for the same values and variations. •are shown _in- Figur~ 6' ... JWid:e varbtiom1 in both:: p,-f these 
parameters occur for different locations and quantities of thermal storage. 

' j , :)'_j~, - ,!: ~; ; _ J ~] .·· !, 1 .. ;; 1 , , ~ :•: : . , ~ - : ; .;. ' IJ. • · : ~ ::J: i;~ J .:~.' 
The :e_~#!!2 ~u..!c1-ding: :1ocated in r St. J.ouis f,. : ·MO:," -was .. eq-u·ipped wii:h d if.brent- -.typ_es ~f HVAC-- ·----- ----

systems i '.and'' caiculatione-~we·r~ ~performe-d;~for~• the-~ cij.$e of hourly he~t b~~a[l~\Bf.I • - The, · l;'~Sults of 
these calcula·Uons are :~o~ ' ~~- ~i&,ur: 7-.- : The nomeriolatur:e for this gi.-aifh~) ·s ::. 1:1s; ;follows: 

' ' 
DD - double-duct system with typical operating parameters:· , 

:; ; 

RH - single-zone reheat, system- .... ith typical operating paraD1~ter!}-,_ . _,, , 
VV variabl:e ;..:1 ai,r;- v.elum.e1 1aystem with: typical -"'operating: paral'!le:t .(!rs,. _ ,~ 
FC - ·:futu:· - p.ipe;.1'"'. fan.-t:oil 1:system_ ~with typicil operat4ig p,a~al!l-~tf~ra._ .. , .-
HO - closed-loop heat pump system using waterr,·to-a,J.r heat: ,;pump_!!. : ;~<? sj;ox:age capa

city in the water loop. 

,' __ : ;") . ."_) •_ , --- -~ 

HT - ; cl!osed--'l'ooip cheat pumpt system· with 10.b ~oo gall,on~ :W:Btt~r~ stc;m~ge An the wa~_~J:~E.L~(l!.~ 
- loop. t•'''. '.• " '. : '.I ~ r, r :H:;, '.·I:: : ( ···· ·.: i . _j~ - -, ; ;:_ ( . ; ;1 '>' ;, -

HH ... .--closed .. loop.,heat : pflmp:: syra.-tem :w:L:t.h 100;,.0_00.-. ,gallona w~t;~r, wat;et; it storage-,. in the 
water loop. ~ J-d I . .. .-5 ~ •• ms·Ji=- .__.. L 1 .~ B.i:1 .1;1,_:, ~i-._., · 

HM - closed-loop heat pump system with 1 million gallons water storage in the water 
·:' ldcJp • .''.}';'•' 1. :: -·- (!'. j ' 1 · . •<:'.> - :~ ' ·'"2:.: -. 'J•,. '} 

··u BA :- :: Bu-:il41ng?requirements for. :HVAC ,. if :1annu~l '.··,'9torage c•p~bi:~i~:f..es &;.!;'.~ 1ayai~lpble~ ·-· ··- - · ·~ · 
BM - Building requirements for HVAC if monthly storage ,capab,.il~tie~, are avai_lable. 
BD - Building requirements for HVAC if daily storage capabilities available. 

=- BI .;: , Build!rig requitiellle'nts •for HVAC , without:' storage capabilit-i;es •r :! ,, '.- ~ 

, -;1 :° ~1 •' · ~ :· :1 \J j ; :, s .. - ~~~·-~.!:_ ___ i....!_J_.:.. _J.: .. . ·-·- .:. - . :!'~ . ~ I , ! ~ ;· ' ~~i~ 
In Figure 7, the least amount of energy required for HVAC i~~~m-ie.n -an~W'!;l'" s·fiifiige is 

available (BA). There is also some savings when either daily or monthly storage is ·provided. 
The other fiv·eri systems 11:3..u-trt-rated ·; ·iw Fig'u·r.e.-.; ,7~,compa:re> - ,th!e .-_HVAC ~er,g:y req'Uiire~ents. . T:h~-· , : ,,,,._ .. '.1 

four-pipe fan '!c6fi and closed-.loop heat ptimp, -sys_tem with storage'-'g.ppro~<;:h .~_lie -_111inimum- req-\rir.a:;,::;;:.::::.:::.~. 
ments of the b~ilding as indicated by BI, BD, BM, and BA. This comparison ilJ-µi:;trates the 
potential range of differences in HVAC energy requirements. as various types of HVAC . systems 
are applied fo the sam<t buildin·g. n!:fi.owever, 'no--ateempt has ··been m~4e ~oiloP:t.imize: :~tie . ~perat_~~Ilic::•lt:'./ 
of each type of -iiystem:•·": : :::,_: 11 · , _1 - '~ .:; • • ·;,:;;.: n.- ;·».·: . ., 1,- _ ,;-d -- ·-·--·-· 

Once 1ag'Bin it m:us't· be e111phnized that these numerical v~lues .ar.1p on1Y-ex'~ of h;<>.'.W ~l1f.: ,, 
~· . 

design procedure can work. ..,, ' ;;; ; r , __ 

RECOMMENDED GUIDELINES . ·~ VJ r:? ~ ·; ;f 
___ ,.. ------·--· 

As a resu'l.'t -Of this anillyti;J;~·a,+<_:J..:.l!V~~fgati'on and;· discu~sions:, ~:tt~ wwledgeable HVAC s_y~st~~~ ._ :' l'f!'- . 

engineers. the following conclusions and guidelines have been developed toward the correct 
selection ~f· one. C!lf ·the: -three sch•eme.S"? heat · reclaim, !lir ·e!f.ono;.i\!:zer !Jr equ~va;t,~n~, • . or; ~ea~t _: 

1
E 

reclaim a~~ economizer :icdmb foe:tion . (with :'real aim prior_i ty) ,• · A_s J>.rev1-gus ~i1 ~ po in te~ . au t , lJ!a~; i i ' 
important · and in~rre;lal:ed ?fac-fo'l:is must 'be 'ev-aluated in -rthe - de-.aision-maki~g proce~s- Tl:tese ,;; 
factors are: . 1.,, 111:.c . ' ,: _ 

_;;,. Heating and cooHi!g:~_l'?_ad .ei:.l?ii!es· . ,J·. 
-- Geographic location 
,,,~__:Q1\ant!'ity o'f. 'g1aso " :t. . 9. 

-- Ventilation air requirements 

·r: 

-- Economizer set point and control sequence 
..:.:..; ·Quiritity 'M thermal:tsforage 1 - - ~ , · 

-- Amount of internal heat loads 
-- Quantity of solar gain 
'J.~'- Zon'ing-l p_ade.rr(_j_n bu·il'dillg c -

-- Initial component and system costs 
-- ''Ene·rgy ,fates ' i ':: ·11:• 

-- Building owner's desires 

The sugges'ted :giJldelines .J!~ as ·follows: - ,, . . ~ : B:;· • 

• I I 

j J '• I 

; ' 

.. ; .. 
. " ;~ .. ' ' 

.J 

I t~: ·1 .:_ ":' ::--."1 
.. j . i~: :l (L ,, ; IL ~ ;: i. ~!.~.:, ... 

., 
·'' 

--------



Guidelfrlii l: · Accurately ·. evalila ted j 'l>t4.me · re.l!at-ed'·. heating ' and . cbo:ling• loads are :an integral . 
spkrt «lf1 ' tlhe d'esign/selJ:l:iction p:£oce!ss. , 'l.!hei itrse •Of .a ricomputerized hou~~ho4-r 

0c. ':h'' 'simulation ll.s almost masda'tory for 'tnisrlinifior:nration .. ;.'. (l ' '. .J.~ · 'J ;;" 9: 

J. . ). . i17:.!::i r 

Guideline 2: If an economizer is used with a heat reclaim system, its control is critical. 
'As?.!'!c·ontrol ·'i's crf:tlcal, :ch·e' 'Cortt!rol' l'tlnd· opetationmuS:t.•Jlro,"1id:e fot~ r~ca.@ilm , 1J': 

•• I !J>. ri~rlt 'wb.erti aft eCQfiOmizer is "us•d Ot:itierw±ile f . o~e[l J C00U.t!lg> CQUa.d 0CCUt,, • reJJul~;.." 
: , .. lng ··in Ilea.ti ~ll ene-r:gy cost ·penalC'i'e•ir:in Eloritrol 111uat . not' be.-• based on needs · · oC ~· 

individual building zones, 
. ~ 1 ' 

Guideline 3: The use of arc·ecEll'ibinizer wilbresuitl · in erlergy: savings •;only when" there is excess 
heat availabl'e. • That1 ' is, · only discard · by ·1eq:onomi:ter ope.tatiom. r.hhe .,Jteat in 
excess of- 1·w1\ttt cad h'e used· iristant .. ~l'neously1 :-:foI'.cheating t plus; that-· lat·er needed 

·· •. ,/ ·. "foi' ·lleating ·a\'ild ' bein"g)lplaced i"n:storage. !l! j~J:• .. ·\'. ~ ,; • • ;q ;, rl ... .... i .. J .. ':' 
~ ·' ·.. "1 ~ ; :. ~. S- ; ~~ ._- t ~_) 

Guideline;,4': ''.' 1'fie amo6.iit!'O~ cbt>l'!.1\g'! 'f.rom an 1reconotai2er:r•:sh'ouldq1not ::exoeei;luct.!he diiHe:i:-ence 
between the total cooling requirement and the cooling requirement that results 

'"d .~ n i from= 'a1 ~'hea~ '. balfli\f!e based '• 'On the ins~htaneoo192 b~;dd.cjing t; requitetlients and 11~he 
requirements of the thermal storage system if available. . "" :· .: . 

:!r:-1j F> w ·. ~ -~ r ~ j : ·. '1 1 :) -=> ·~·-::. f~ · .,· ·~ no n·.J~ .~ j [~-: ·: :~.,:.' ~·-117• ~~ mLJ-:; ~· d c; .. ; 1:1 .... - D~~ L~ !.· .... ! .. 

Guideline 5: When the cost of boiler heat is lower than the cost of reclaimed hea•t' I.in terms 
· · 1. ~~'t:if'd'CH.Fa't's .,~i lul.illi'cin Btu, '> the I use ·of "&n'Jeconomizer ·may . ber·.!f"sJ;il:UedA.n-1.ieu of 

·"'1 :· da 'heat ·:rec±laim·sr;>tl!Jtem>, ~. ·1 l:. ... ,. - ; t ·p ~ . ·;'J; • ·, .. : :1 ·:mh , 1·.'·'; -
('~n 1 rf'5. f ij' '"Q , ~ C1:1 1{i. ! ·t~ · .. ,, ·., I ! ~ ' "f l;:.:.._, 9 .. 

0

0.f .. i 
Guideline 6: If a heat r-ecla"im sfStem is ' 1tb !Se .. used, :, t:ost·, ,conside!t'at:iona wiitl ~ {avo~ the 

additional use of a properly controlled and operated economizer for high elec-

·. ·. 

-·- ._''..~ .. ttical '. .. ~n:ergy ~.ra~18.~' .· ,. "· · .. · .. ~. ·· ''··' .. ·; .. - •111•1•. •'··' ..... : ,.) :· .. , 
~::ff , • -.~·· S \~f.r):,: · 

Guideline" 17: The <trse·!.f<H ·: properly contrdtted· llnd ope'.rated the·rina1.. stor.ag.e1 :will,-1 J,;n:, ~~mera!t. , i:: 

"' 1 make' the u&e (jf. C an ; recbnolllU:er·r.·1ees cas~,-e.H.ectiv.e, .i1 •. ~., !;inc;rease *~' :>P~yba<?,~ · ~· 
~.r;j 9 j>eri'Od~!.;. 1.: ::. · ;;: (· •.. .,, ··:: .t,:·. ,'r·-:, i ';t . ri , 1~·.i ~-..!, 's:-.I·b ~r' ~ t.-... · tu· ··~~:: 

(-~f~~ . :r-i.~ ?. ·: »:!. -· <( ·~:"J :=-:r_rr::d·-_. · ;,.,. ,?jf':.:tn.f.l:c: · .J.t t '"!1 "' · · .,:! !f t ~.r:• ': ~~ ;i.r aJ - sc.. 

Guidelltr~:. ,aY~ ' ''Buiiliings:·"wirtb Jlatg~m intetnali loa:ds ~or'. • solar .•loaids. "7iU1Lbe · napl'e ~i.kelY. ~9 .. ~:-~1; 
benefit from an economizer when used in conjunction with heat rt:~ovei;!. :i .1 . ., ' · 

Guideffoe ~!'j ~If ·a ..lii.a.t.'~'.r.11Cl.'ailii system •has ·been ruled· out;rlfot$.some. ~~traordj,nary rea.11>on, 
energy considerations will usually dictate the use of an economi.;er. J:J . .. 
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Tabl~ 11 Sample ' Output for 'THE BUILDING' 

THE VALUES OF QHtQCLANO QCW ON AN .HOURLY BASlS HAVE BEEN ANALYZED FOR . ~ (COMPL~TE YEAR 
THE RESULTS AP. E !> IV.t:N BELOW . ~ . 

HEATIHG SAVED ~lfH RECL,IM~ 50(74. · . 
HEAT RECLAIM LOST W[TH ECONOMIZF.RIECONO'HZER PRIORI TYi=' - 37060. 
COOLING SAVEU WITH ECJNOMIZER= . 37834. ·• 

_,c .... o .... o ... L._.1 ..... ~!=G_,._S ;;;.A V,;.,JE...,O"-'-\~'-''-'"T .... H_...E >LlO,..N:..:..:Oo.;.M.:...J!L...IZ ... E""R ..... 1,,_.n .... E .... c ... L A.._!a..;cM..__.p-"R..,l_..0_..,R.._! _._T.Y .... ,_! ="'--______ _,a~· 1 !lJ1 .. ___ _ 

THE VALUES OF QHeOC+AND QCW ON A DAILY BAs)i HAVE BEEN ANALYZED FOR A COMP(ETE YEAR 
I!:!E RESULTS ARE ' !_!IV~N BELOW" 

~lf;ATING SAVED 1nTH RF.CL4fM.: 9l425. 
HEAT P.ECLA!M LOST W!fH ECONUMIZERIECONlJMIZER· PRIORITY»• 
eOOtjr-1!". ~AVF.O w~ TH ~EONOM I ZER• . 1~p 4. 

'•1241. 

4ff( , 

IRE VALUES OF llA101.14ND oc~ ON A YEARLY hASIS AliVt: BEEN AN7iCT1Elrf!'O"K" A COMPLTirY'eh'R 
THE ~ESULTS AkE ij(VEN B~LU~ 

o. 
COOLING SAVED WITH ECONOMIZER• 37834. 
COOLING SAVED WITH ECONOMIZERIRECLAI~ PRIORITY!• 37934, 
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Table 3. Sample Results of Economizer/Heat Recovery System Evaluation 

GENERAL CONDITIONS: 
EFFICIENCY lheitingl l/100 

I ·'• 
COP lcoolingl . , 

2.5 . "' · .• ENERGY COST 1 SI kllh ;..:: . , • •• 
0.08 \:"· "" -l ~. 

LOCATION ST.LOUIS ST .LOUIS ST .LOUIS Sl.L91US 
STORAGE I 8 " · A ~ .. 
ECONOl'llZER CONTROL mPERATURE,F 75 75 75 . . , 75." 
GLASS Z . 4 44 J; "·· 44 
VENTILATION AIR x 1~,o 10,0 :. 1010. . .10/.9 
INTERNAL LOAD LEVEL, II/SQ FT 2. 9 2. 9 2. 9-, ;. 2. 9:· 

ATLANTA 
I 
75 
44 

10/0 
2. 9 .: 

16 :-::. 

ATLANTA 
D 
75 
44 

1010. 
2.9 

16 

ATLANTA 
·II 
75 
44 

10/0 
2. 9 

16 

ATLANTA 
A 
75 
44 

10/0 
2.9 

16 

·-
CHICA6D ,,, CHICAGO 

I . f. ; 
75 75 
44 .,, 44-

10/0 10/0 
2.9 2.9 

16 16, 

CH!CA&O 
- II 

75 
44 

10/0 
2.9 

~. 16 .. 

CHICA60 
A 
75 
44 

10/0 
2.9 

16 NUllBER OF ZONES 1b 16 16 •• I ; '_; 1~ ' ----------------------------- -------------------------------------- ___________________ _..., ---""----
ANNUAL HEATING EHERSY, kNh . 461114 ~.461ll4 • 4611- 4 . . 4b1114 

--·--·--·--·---·-----,--?---·--- -----·-----.. ------·-··"---·t; _____ _ 
213338 213338 213338 • 213338 574243" 574243 574243 · . 574243 
1sm9 758139 758139 758139 48399%:' mm -~ mm . mm ANNUAL COOLIHG EHERGY , kMh 632797 · b32797 mm· r/i3J191 

HEATING SAYED' II I.TH RECLA Ill !no ·econoai zerl 1 m · . 55596 '" 108031 166438. 41J 114 .:mn 11112s m221 213330 6697 4 128753 ·. 195041 mm 
HEATING SAYED lllTH RECLAlll !econonim priority> 1 m 4075 . 28817 69263 461114 '· · 1os10 40204 ' 88100 mm 1021 32373 mso: mm 
HEAT RECLA!/! LOST DUE TO ECONOlllZER 1 kWh 51521 79214 97175 .- 0 44794 76921 101033 o 65953 mao ·· 122091"' mm 
CDOL!H6 SAVED mH ECDH011JZER (no reclaI'al t kWh 17:1463 175463 mm <175463 ·-· 241306. 241306 241306 241306 210998 210998 210998~' 210998 
COOLING SAVEIF(llJI! ECONOlll ZER lreclai 1-. .p r iorilyl 1 kWh ' 134197 112089 977'23':.i '175463 

• • ' ' ~ f-1 -- I~ :·' 

205393 mm 155680 241306 158178 133325 113325 24604 

HEATING SAYED' NITH RECLAll1 (no econo1iml!l OF TOTAL HEATING 12.1 23:4 '1' 36.{ , 100.0 ,,. 
HEAT ING SAVED mH RECLAlll (econo priGrity I OF TOTAL HEATING 0.9 6 2 · ~O~' ,- 100.0 
COOLING SAVED NITH ECDNOlllZER !no )' ecl~i'1Y.°t-i DF TO TAL COOLING 27. 7 27: 7 27. 1;; •27. 7 J 

COOL!N6 SAY~D WITH ECON~l111:~R (~eel priori'. yl,l OF TOTAL COOLING 21.2 1h1 1'5.4 27.7 

26.0 
5.0, 

.. 31.8 
27.1 

54.9 
18.8 
31. 8 
23.7 

91.5 
41.3 
31.8 
20.5 

100.0 
100.0 
31.8 
31.8 

HEATING COST S~YINSS WITH REC.LAl" · ino econcnitl!rll s 444:!;68 ·16~.48 b m.04 , !l;ss;.12 f429.76 :mo.oo 1S'Jil7.68 17067.04 
COOLING COST SAVINGS WITH ECOHOHiiER (no heat rec iiDI-;: S §61U2 5614.82 5614.82 . 5614.82 ' 7711.7,f 7721.79 1,721.79 7721:79 
ENEllGY rosr GAVlllGS llJTH BOTH 'Jteflai• :fl ri'orityl, s : . 8.J41.9B 1'2~9 33 16442.18 42503.94 110~l;02 15122.42 2~99.44 2478tr,83 
ENERGY COST SAYINGS-WITH Blf!H leconocii~r ~~rior ityl, t'1 

: 5~4•).82 }9~o:i~ , ll lS~i~~n 42.50'3.94 . 8568.03 10938.11 14776.83 2478~~~3 

HEATING COST SAV!lt6S leconoai?er ·p~iorityl, S , . 32'6'..oo ':1JQ~.36 554(;04 '. 36889.12 846.24 3216.32_ 7055.04-' 1706i::04 
COOLINE COST SAYINGS !heat mlm pi'i or1trli . ..$ c. m4:.30 .i5'86.85 .r 3121.-14:i: .:shU.82 • ~72.211 5752.-i2 . .,81.76 , 772G79 
LOSS IN HEATJ UG_SA,Vlt{GS DUE TO ECONOlllfER . rR ~~f<ITYif' · ~; 412).68 6337.12 7774 •. 00 ]. "o.oo •. 3583.52 6153.68 ~562.64 Q.oo 
HEAT!Ks cosi,. ~, ,~! · 360au2 ·~6~q·}? · 360s9,.~f; ~~09,9.p ~5 11061.of :17o6r'..ot. 11~b1.o~· 1101ii:o4 
COOLING COST;: s .l. • :;. .. 2om. 50 .om ... u' 2024t.50;-, i.Qm. JO 2mo. 4J 24260. 45 . 2UO. 4J 2426a.~5 
TOTAL ANNUAL ENER6Y COST !basel, S • •.,; .. St13S;62 '3H~8.b°2 ?57llt.'62' 57138.62 41327.49 41327.49 4~327.t9 41327.49 
COST SAV fNGS, I OP~· TOTAL - . .J) •.'] : ~ rs. 30 ·: 21. 4.0 oS. 28:}8' - 74. 39 ' ' 26. 62 ., 3/ii;.59, ' 49.84 59. 98 

··~.: . . . ·c • . .__J ._ ; ~~ . • -j ~ ~ l 

COST SAVl:HSS !RECLAlll_ourn; ,]sh{ ;;~ -.: '· . ~( 0.10 . ' '0. 19 0;·29.' :::: .0.81 .. 0.10 0.21 ' o.:n . 6.-37 
COST SAVINBS. !ECONOl'tlZER ONLY!, S/50 FT ... 1;"· -- [i . . O~ 12 ~ r 0 .. 1.2 . 0';·1?- ~ "a.12 ,.. -0.17 ;.. 0~17 ... , O; 1:7- :iJ 0.'17 
COST SAVlHS!r!ECONDM!ZER AFTER'RECLml $/SQ FT - . u.Oi ' • .,,0.08 0.01, . 0.12 '.' '0.1-4 .· o.-u- 'Ul 0~17 

HCOESATT SRAE~LUAJ61S/I . '1~STTHAL>1E~/SCQOSF.T}t. •t'"~ FT '-.~ ~.!. :.:.· 0'.19 0.27... (}:3li.! '~' .0.93 :.,. -~ ·6,2f :"". Q.;Jl. . ,0:,45' ' 1)-;;54 
1. " L • • "'"' • .9,.33 . 0.33 0;33 r -1),33 , •U.33 . 0.33 ' il),33, ~ ~·33 

ECOllOlllZEil lllSTALLED COSTl /~FT : '·- ~: •. ·-= •. ·o,.1s . 0.15 G:l~' ' - . 0.15 :0.15 0..15 o.15 . 0;15 
QESIRED S.illPlf PAYBACK PEt<IOD, YRS . - . • -3,i) . 3.o· ' 3.o' (• ; ,. 3.0 ' '·'' '.- 3;0' tJ ;i~OJ.: 3.0 J.O 

... .... . ~ tl . ' :r 
.L 'RECLAIK PAYllACK P~ll!OD YR ' ; , . ' ' .. 4 -Li "' ''j TS s' 0 F -j ··4 1.6 

EC0Ntlllm1i PAYBAC~;-PERioo,_:YR::-:'. ' . ' 1:2 1.2 1:.2. ~- .~~ 1:2.~-. o:9 0.'1 
COMBJNED-PArBAC~ PERIOD y~, 2.5 . • 1.8 ~ 1.~ :.· :~ 0.5 _ 2.(J 1.4 
ECON0111ZER <aH!!r .. RECLAinHAYl!A~ PERIOD, YR 1.6 l;1 (. 9., rj. ~21. .":' . .:> 1.2 - .. ;_: .. , I r.~.' .• ·.t •• ; }.Z~ 
FINAL RECOllllENDAT1'0N ' · ' 

I· ••. -.. • ECONO 

11. 7 
0.2 

43.6 
32.7 

5357.92 
6751.94 

10419.62 
6833.62 

81.68 
5061. 70 
5276.24 

45939. 44 
15487. 97 
61427.41 

16.96 

0.12 
0.15 
0.11 
0.23 
0.33 
0.15 
3.0 

2.8 
l. 0 
2.1 
l. 4 

! I • I: •• ECONO , 
'. . BDTil: ' BOTH BIJTI!' . BOTH . '8G1H "t' - ·-lfrTH •. . -. BOTH .-

• I • • • f • ~ 

22.4 34.0 100.0 
5.6 12. 7 59.4 

43.b 43.6 43.6 
27.5 23.4 5.1 

10300.24 15603.28 45939.44 
6751.94 6751.R, 6751:'4 

14566.64 19229.6!P:" 46726. 77 
9341.78 12587. 94 34052.02 

2589. 84 583~; 27300 ... 0B 
muo 3626.4Q'l: 78.,.....33 
7710.40 9767.28 18639.36 

45939.44 45939.44°. 4S939i44 
15487. 97 15487.97 15487. 97 
61427.41 61427. 41, 61427.41 

23.71 •31.30i- 76.07 
:i., 

0.23 0.3t 1.01 
0.15 O.tt 0.15 
0.09 . 0.0&" 0.02 
0.32 .. 0.42 1.02 
0.33 0.33 0.33 
0.15 0.15 0.15 
3.0 3.0 3.0 

1. 5 -· 1.0 0.3 
1.0 l. 0 1.0 
I. 5 1.1 0.5 
l.b 1.9 e. 1 

BOTH BOTH 
RECLAill 



Table 3. (continued) 

6ENERAL CONDITIONS: 

.,. . 
I 

• r.,'; EC ONO ECDNO 
BOTH BOTH BOTH BOTH ERR 

ERR 
BO~H . BOTH BOTH 

si. 5 
.... ·or.i ,., . \):6 

0.9 

BOTH 



........ 
VJ 

'-

6ENERAL CONDITIONS: 

tl ··i~ : ,. ._i.t1p1 :" ' : ~ f~' .. 

t". l i: '.J :~ ; , ~ , , i : -:... ~1 r ·.• , ~ . 
t~:~r'.~) :- ; . • ~.~ t.;-<.,I ,' j 

~ . . ·11:·"';\:, : ~ ~ 1· f;> ( ' : ; 
~;lOC~i.i·o.~ • .. · · • . 

r:oi-.f 

EFFICIENCY !heating> 1/100 
1 

COP !cooling) 
2.S 

ENERGY COST, S/kNh 
0.08 

'STORAGE .• 
· >ffiQNDmER COIUROL TE"PERA.lURE:"'F 

'5li1SS • Z · · . • 
.~mlmmi AIR %. , . 
' JJITERN~l LOAD LEVEL,. J(J.SQ FT . • • 
• H4nBER: ,Qf ZONES · · • .,. , • ! : .? . • ----------------------1-------· ----------------------
•. MlN!fAL 'AEAT iNG ENERGY'" k~·h : 1 . • " " • I 

ANNUAL COOLING ENERGY 1 m " 
; 'aM!«~ SAVED ~ITH. RECLAUUno econo1izerl, kNh 
. HtAllN6 ·.SAVED WITH RECLA!" !econo11izer priori tyl, kNh 
~EAJ RECLAIH >LDST DUE TO ECDNDHIZER, kNh 
CODLING SAVED WITH ECONDHIZER . !no reclai1), kWh 

· ,EOOL.IH6 SAYED MITH ECON0"1ZER !mlai1 priority); t.Wh 

.H1EATJt~·6 S~VED ··~ITH ~Ei:a1h.' !~~ e~oniili zer I 1' OF TOTAL HEATING 
HEAHHS SAVED MITH RECLAIH (econo prioritrl i l OF TOTAL HEATING 
COOLING SAVED WITMCDN0"1ZER !no reclii1 l OF TOTAL COOLING 
COOLl~G SAYED MITH ECONP!HZER ,(red prio.rjh>,l OF TOTAL COOLING 

/~EktIN6COST.- SAYINSS. 1tff(1 ~ECLAl~ ·t!no, ~01izerl s 
COOL!tl6 COST SAVINGS 11 Ti! EC'!INOHIZER !no heat reclahl, S 
ENERGY COST SAYlllGS ·JllTH <!!OTH lmlai1 prioritr,l s . 

. ENERGY COST Sft,YIN_SS ' WII~ BOTH ls.conp~i-m, PJ~ Dr~il_yl, S 
~ t ··I .!J"-' ,. • .. • • r • ; ' • ,. r. c ;. . • : 
·: ;HE~fJNG ·COST SAYltlSS lieconq1i1zer . prio~i tyl, S i .,·u 

COOLING COST SAYINGS (heat reclau pr1 orltyl S 
W.~ll~ 111 HEATlllG SAVINGS DUE TO EC-OllOlllZER PR\ORIT,Y, s 
;, •r.r ~. , : '· (L ;. :-! 
;, , HEAT!tl6 COST, S . . .. , · , ~,. 
iii GOGbING COST, s · 
1HOTAL ANNUAL ENERGY COST !basel, S. 

cOST SAVINGS, I OF TOTAL 
f ~~ ~' 

.· ~ ! · 

\P.1;.r"' . 
. .. ;COST SAYfNSS" !RECLA Ill ONLYI SISG FT 
__ COST SAYl.llGS !ECOtl0"1ZER .ONlYl, _jfSUf . . 
,q• taST :·SAV!llSS !ECDtlOKl ZER AFTER RECLAIH , S/SD FT 
'" CiJST SAV!tlSS !90THI $150 FT 
1.1 .'HE:A.T· RE-CLAll1 INSTALlED COSTt HSD FT 

' ECOUO~IZER WSTALLEll COST. t/SB FT 
~~- ~{~IRED Sl/1PLE PAYBACK PERIOD, YRS 

' 
RECLAI~ PAYBACt: PERIOD, YR 
ECDN0"1ZER PAYBACK PERIODV YR 
C0118JNED PAYBACK PERIOD R 
ECONOlllZER (after RECLA!") PAYBACK PERIOD, 'vR : 
FINAL REOllHENDATJON 

4· . ,~r.. ~ i :;/" I 

~ · !. ; ' ··I 

' "' 

Table 3. (concluded) 

~.' I ~-u ~,: '··· . • • i. :~ j'~ ; •! .1:! · .. 

: ;· 

PHOEMIJ PHOEMII PHOE~I PHOEiii~- FRisco FR~S~O FRlSGO FRISCO SEATJLE SEATTLE SEATTLE SEAHLE 
1·: D R: · A~ · .. I D ft A 1· D-·- " · A::' 
75 75 . 75 75 75 75 7S 75 75 75 75 15 · 
44 44 4t. 44 44.. 44 · H 44 44 . 44. .. 4!. . 44 

10/0_ 10/0 1~/0 , 1~1 0 : .10/~ 10/0 ,l~IP 1010 l!l'/.0'. tpl.O l~J,O, io1,~ 
2.9, 2.9 2.9 2.9 . 2.9 2.9 H . :Z.-9c 2'.~c 2.9. 2 . .9' 2,9 
J6.. 16,_ l'f ? 111 16_, ' 16 16 l ~~,'. ;it. l~ ) 16.; 16 

-·~·-·---·---·-....... --.-4--.,--------,.-.- ----""-~-----~:----.r-r----:f""'!~~------,~~~------~.~-------~~-----.._--------'l-------~--~--
B.97.14 '88714 88714 88714 251102 2$7102 25.7.102 J~~02 315184 3JSl',a4 37Slil4 375184 

U5Sb04 1158604 1158'04 1158604 485109 .485109 4~~09 ~~109 9'9~149 9'95149 mi49 ~9~!49 

32381 77819 • 
Z06B 44888 

30313 32931 
' 200189 200189 
ma18 : , .m840 

36.5 87.7 
2.3 ,: ' 50.6 

17.3 17.3 
15.2 IS. I 

. 2596:48 6225.52 
. 640.US · 6406. OS 
8218. S.B 11820. 40 
6571.49 9997.09 

.. tt r ~ 

165. 44 3591'; 04 
5'628'.10 5594. SB 
2.4.2.S..04 . ~34.48 
. .. it; 1 ·: J 

10.'t7.12 °7097.12 
3707~. 33 l'N15\ 33 
Ut'U.4s !~m.45 
· · fB.61 ·'·i•26.7b 

j 0.06' 
0.14 
0.12 
0.18 
0.33 

:· 0.15 ' 
3.0 

5.8 

0.14 
0.14 

·: 0.12 
0.26 
0.33 
0.15 
3.0 

2.4 

:1am . sem 87457 20112s 2mo2 ,~51102 ~mm 323209 mm . mm 
11656 aL 88114 ::-· , :20SI 4912G;: ,105883: ,.~;Itt890 .. o~ 10377 . 7~259 94406 ·355972 
17058 . - .. 0 . . BS376 132608 . 1512111~ ' I 212; "113054' 244qso; ; '-254107 19212 

200199 2oom 31m1 mm .· mm 3 7.997' .~: mm ' 11om ·:· nom . mm 
1e6544 200189 309585 211900 · · ·2s1021 21r;421 ·· 619757 · 511ao2 · .... so1095 · moo2 

~r: L. r· ~ •;) ·-:··· '" r '"'.'"' '.·. ;:r ""'.;. " • . .J 

"1o~o -.·, · 100.0 )' j4.o . -19.5'.::1. lOO.o 100.0 ~2.9 , . e&.1 . _ 92.9 .i'oo.o 
81)·.e IOOi.O o.e 26.9, ' ;, 41.2 52.1 2.e 20.3 25.2 94.9 
17.3 17.3 77.9 77.9"" 77.9 77.9 71.4 71.4 71.4• . 71.4 

ql&.1 :.:;~"·tr.3 63.B .w;56.0 53.0., 57.6 62.3 51.5 51.0 " .. li.9.B 

~97':12 '.>~~9;:12 " 6996.56, · 161'3~.2~. 20-56~.111 20568.tli 9874.48 25856.72 21e9·1~04 : : ~014,72 
640U5 : 'l06..45 , 12095.90 J2095.90, 12095.90 1209~.90 ~V.31-.87 1·2J3J,,87, 22131:87 ~ .'l-1731.87 

13066.53 13503.17 t6903.2e"·2·49311.(if ' 2117'112.B! 295011.02· i97Ci6.70 ··fm6':30 · moT.76 · 52254.78 
121~.:53 13SO~m 12262.38 1;7fa·2~.50 2.056,6.54 2~~.10 mg.03 28832.59 307.84.35 51209.63 

- .! - ··: } - \ • i ~ . ' 
5732.48 1091.12 t66.4B 5529.6 '8470.64 1om.2 '8:30.16 6100:.12 15~;48 2tm.n 
591i.M1 6406~05 9900.12 mo.so ;am.01 ,~9.4).66 198'32.22 t6W9.6& 16221i..12 22240·.06 
.1364.64 0.00 6830.0B 10608.64 12097.52 ~5'6.9b 9644.32 197Jlf~OO 20328'.56 '!S31i.96 

~ (!r ' /" t · ~ •• . ··-. 
··?097.12 7097.12 20568.16 20568.16 20568.16 20568.16 30614. 72 
37075•33 31075;33 15523. 49 15523. 49 .15523. 49 i ;.,15523. 49 Jlit4.77 

30014. 72 30014. 72 30014. 72 
,3.1844. 11 :mo. 11 
·na,s.iJ. 49 J 1.e59. 49 
;· :.~~-30 ~ . . e~. 47 

4'172145 ~mH5 360~1.65 ·36091.65 i360~1.65d~~91.65 61859.49 
2t.SB 30.57 46.83 68.82 ?9.78 . > :;,~1.76 " , ~~.02 

m~:~~ 
· · ·~e.33 

- 0~16 ! 11'.010<.lli 
.-• Ol'.14 '' · 0~14 

0.13 ··· O .. H 
0;29 'i 0.30 

~ = o. ~5,, . :·,.0.35,,, <,: ; . 0.45~( ::~~r;0.45 ~ 1 .• .,,0.22 ;;, .. }·~1 ;·, ... o. ~1 : , .; o.66 
...... , . . 0.,,7 · 0.27n•, '':•0.27;,~~Rq;0.27 , . 0.50, · 0,JO • ·. !~· JO ". "0.50 

0.22-. 0.1.9 . .. 0.18 . . ' .0.20 . ~.43 0.36 0. 36 0.49 
0.37" 0.54 - 0.63 ·~ 0.6S D.65 : 0;9r·. 0.97 . I.IS 
0.33 ' 0.33'.~ 0.33,-~ 0.33 0.33 0.33 0.33 .;- 0.33 
O.IS.n ,.: 0.15~. 0.15;-,,,; 0.15 0.15 0.15 O.IS :' 0.15 
3.o 3.o 3.o-. ; 3.o 3.o 3.o ' 1.0 • 1.0 

~ 0.33 '" ' 0.33 
"' O. lS " 0.15 1 

3.0 lt 3.0 ' 

2.1 2.1 2.2 o. q. 0.7 0.7 1.5 o. 6 . ~ o.s 0.5 
I; 1 .- , I. l ··· ' · 1.1' '· " I. L• , ,,· o.6 . o.{"~ 0.6.. ~J •v 

0.3 . 0 •. 3 • 0.3 0.3 
o.11 0. 7 . 2.7 1.9 1.7 1.6 1.3 0. ' 0.5 0.5 I f), 4 

1.2 l. 2 1.1 1.1 0.7 o.s 0.8 0.8 0.3 0.4 0.4 0.3 

EC ONO 
BOTH BOTH BOTH rnrH BOTH BOTH BOTH DOTH DOTH BOTH BOTH 
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