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Abstract 

'l"llis paper descri lies the perfor•1nnncc or the VAV System installed in 
Lile S11pr:1 · Energy Con,.ervuLion Bu l<li"ng . The concentrati ons or CO, COz 
and ~use " c1·e e xamined when the tighlncss of the Vl\V System "'" " chunged. A 
s·urvey of occupants by 4uestionnaire 1o:a s also made. The results ol' Lile 
examinations and the survey ,.-ere th.e fol o>'ing. (I) Cood temperature and 
air current distributions ;;ei:e ob t ained even 1o;hen the VAV System 1.ms 
throttled dO\o:n. (2) The concentration of dust inc1•eased ..-hen tile VAV Sys
tem \;SS clos·ed tighter. The minimum air volume of the VAV System, con
siderred from the concentration of dus ts, is suitable at 6 to 8m

3 
/h. m

2
. ( 3) 

IC is userul roe energy conservation to control the minimum air volume of 
the ViW System upon detec·tion or dust concentration. 

1. Construction and Energy Consumption 

Construction of the main bl,l.ilding of Ohbayashi Corporation Technical 
Research Institu te (Fig. 1) "'as started in April 1981 and completed in A,pril 
1982 as an off"ce building designed for s1,1pe11 energy conservation •ii.thin 
the limits of economical feasibility while mai ntaining proper living en
vironment and orrice functions . An ouLline of the build-Ing is sho,.·11 in 
Table l. Table 2 outlines the heating and air conditioning system. rig 2 
is the heating and air conditioning he.at source system diagram. 

The measured \;Otal energy consump tion per unit area(m
2

) for one year 
starticng from April 1982 is sho'-'n in Fig. J. Since the only energy source 
of this building is electJCicit.y, the measured value has been converted to 
primary energy based on electricity consumption. l'or this conversion, 
lkwR1Q . 24MJ / h is used.The recorded e nergy consumption of the whole build-
ing is 362.4MJ/m 2Jyear, the initial t arget. 

Considering that the energy consumption of a general building of the 
same scale in Japan is approximately 1580MJ/m2/year, the recorded value is 
only one fourth of the ordinary value, thus proving that this building is 

really a super energy saving building. 

Energy consumption other than air conditioning is generally constant 
through the year. The maximum consumption of these has been occupied by 
lighting. 9% of the total energy consumption is for automatic control, 
which hinders promotion of energy conservation. The energy consumption 
for sanitary and ventilation use is low. The equipment included in the ca-
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tegory "Others" are EDP equipment, and copying machines . 

2. Outline of Measurement 

Variable air volume systems are applied to the air conditioning sys
tem ~f super conservation building. The air conditioning of the building 
consists of a single air duct with the VAV System for the interior zone, 
and fan coil units for the northern and southern perimeter zones. Each 
zone uses separate air handling unit with active carbon filter. The air 
volume is varied by varying the fan speed. This building accomodates ap
proximately 170 researchers and workers. Business hours during weekdays 
are 9 a.m. to 5 p.m. and from 9 a.m. to noon on Saturdays. 

The VAV System also has some drawbacks. Odor or dust content in
creases when air volume is throttled down. Therefore, investigations were 
made on the tightness of the VAV System with the following parameters: 
concen!ration of CO(p.p.m. ), C02(p.p.m. ), dust(mg/m3), dry bulb temper
ature( _C), relative humidity(%), air velocity of occupied room(m/s), sup
ply air volume(m 3/h) and inlet outside air volume(m3/h). Questionnaires 
were distributed to the occupants for additional information. Dry bulb 
~emperature was measured by anemometers at the air outlet, various points 
in the room and at the return air grille. Fig.4 shows the plan of 2nd and 
3rd floors of Ohbayashi Corporation Research Institute. Fig.5 shows the 
measuring points of room air temperature and air velocity of this insti
tute. This investigation was carried out in August 1983 during the cool
ing season. By varying the air volume (11.2, 8.4, and 6.lm3/hm2} vari
ation of room temperature and air velocity were measured at various,points 
shown on Fig.5. One can observe the results on Table 4. Downward airflow 
was provided with diffusers with adjustable deflector. When the air 
volume of the VAV terminal was (11.Zm3/hm2), the neck velocity and the 
face velocity were measured at l.7m/s and 0.45m/s respectively. By throt
tling the air flow, as shown on Table 4, the air velocity and the tempera
ture in the room are moderate. This is due to the well insulated building 
structure which isolates itself from the influence of outdoor conditions. 
The measurement data of the concentration of dust, C02, CO are shown with 
average values on Table 3. The relation between VAV air volume(m3/hm2) of 
the fan coil terminal at "High" speed is shown on rig.6. It is apparent 
that the dust concentration greatly depends on the number of occupants and 
the activities that they are engaged in. During the measurement it was a 
difficult task to fix a given condition. Nevertheless, it was f~und to be 
obvious that the increase of dust concentration was enhanced by throttling 
the air flow of the VAV terminal. There were areas where the concentration 
of C02 exceeded lOOOp.p.m. which is the permissible value of Pettenkoffer . 
These in particular, were areas where the occupants ~ere smoking. If one 
excludes these areas, the average concentration of Cd2 decreases to 900p.p . 
m. The concentration also is depe.ndent on the volume of the fresh air in
take. In the case of dust concentration, the perimeter zone has a lower 
value than the interior zone. This is greatly in·fluenced by the fan coil 
terminals installation in the perimeter. Ho.wever, . if 'the fan coil uni ts 
are throttled down to "Low" the VAV air volum~ is 6m3/hm2, the dust con
centration at the perimeter zones increased. "Low" operation of the fan 
coil units must therefore by prevented. One can conclude that the minimum 
air volume needed for this building is between 6 to 8m3/hm2 with the fan 
coil terminals set at "High' speed around the perimeter zones. A survey 
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was conducted during the throttling of the air volume without notifying 
the occupants of the operation of the VAV terminal. The results of the 
survey are shown on Table 6. It is apparent that the throttling of the VAV 
terminal has no influence on the sensation felt by the occupants concern
ing room temperature and air flow distribution. Although the concentration 
of dust increased proportionally with the air volume of the VAV terminal, 
the survey indicates that the occupants have not noticed this difference. 
When the air volume was throttled down to 6m3/hm 2 on the VAV 
terminal, there were no changes as to the sense of ambience of the occu
pants. The survey was separately conducted for the occupants at the peri
meter and the interior zones. Nevertheless, the survey shows no difference 
between the two groups. Table 6, therefore, shows the results of the sur
vey of the entire building . 

3. Conclusion 

A surve y by a que s tionnaire was conducted to measure 
comfort on the parameters such as room temperature, air flow 
room a mbience by varying the air volume o f the VAV terminal. 
ing are the c onclusi on from the survey. 

the indoor 
distribution, 

The follow-

(1) The distribution of r oom temperature and air flow are satisfactory 
even during throttling of the VAV terminal. 
(2 ) By throttling, the d ust concen tration increases in the room. If the 
dust c oncentration i s taken into account, the mi nimum air volume should be 
between 6 and 8m 3/ hm 2

• One must also change the operation of the fan 
coil terminal . Th e "High" speed operation of the fan coil terminals around 
the perimeter z ones tend to keep the dust concentration down. In regards 
to the concentration of C02 and CO, there are no serious problems result
ing from the throttling of the VAV terminal since there are adequate in
tak e s o f fr e sh air anyway . 
( 3) 1'he dust conc e ntrati o n substantially increased by throttling the air 
flow of the VAV terminal. However, from the survey, the o c cupants have 
felt no diffe rence in regard to the room ambience. Therefore, it is evi
dent that the re are no relation between the VAV air volume and the senses 
of the occupants as long as the temperature, humidity, and the air ve
locity are ke pt at c omfort levels. 
(4) In the VAV Sy s tem, lowering the air volume is prefered to save the 
consumption of e nergy by the fans . Howe ver, with the VAV System and the 
fan coil un i t s on the interior and the perimeter zones respectively, one 
can define the minimum air volume by the dust concentration and not by the 
temperature and air flow di s tribution. 
(5 ) Th e dus t c on centrati o n depends on the number of occ upant s and their 
acti vities. Therefore, controll i ng the minimum air flow by measuring the 
dust c oncen t ration in a room is the best way to save energy. 

When th e building l oad is taken int o account, the VAV s upply air 
volume can be regarded as the minimum air volume for intermediate and 
winter seas ons. The fan power consumption al s o would be influenced by 
this minimum air volume setting _ Since the minimum air volume is de
fined by the dust concentration, the minimum supply air would also be de
termined with the same criteria. 
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1982 

f 1q . l Enec qy c onsu111pti o n o f ent ne bu1ld1 n9 

Fig.2 Ai r condtt in n inri hc>at .sy!it(' m d i .J(Jram (Summer) 

Table-! An o utline o f the bu ilrl1nq 

U>cation 
Building area 
Gross floor area 
Structure 

Kiyose, Tokyo 
886. 8'5m2 
J, 776m2 
Re i n f o rced c o nc rete c o ns truction 

Fig.4 

Number of fl oor s 
Typical floor he i ght 

1 r. tor y he l ow and 3 stoc ies above g ro und 
!.2m 

Table-2 Outline of heatinq and a ir c o ndi Uoning sy s tem 

Alt cond1t1on1nq hea t !';ource AlJ!';o rp t1 o n chiller lORT j 
Heat reclaim heat pump 10RT/15RT 

Effectiv e collector area ~ 220m2 
Heat storage tank t 70m3 x ~ 
AH cond1t1on1nq sys tem : Int.- VAV system 

Per . - 4-pipe s ys tem F . C.U . 

Table 3: Air- volume of Fan Coil Unit 

Floor Air volume 

H Jl/Lo"' 
HI ori.o-

Air v olume ~r uni t 

'" h 660/29 
• 511 5 

Ai:- volume ~-r floo r area 
111: J/ h .cl' 
8.2/J..1 
- . z. 3 

Plan of 2nd and 3rd floors 
ll'IJ) 1200 

l 
u - •. . . :~:.1-

• I ' 0 • I ' > • 0 ., 
".11 . 0 0 

0 

0 

I 
• • 0 

• Air OUt let 
o /Ur Inle t 

i<C He45uc l r.g Pcmt 

Fig.5 Measuring points 
of room air tem
perature and air 
velocity 
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Table 4: Distribution of room air temperat;ure and air velocity 

~ 
11.2 8.4 6 . 1 6. 1 
21.B Z0. 7 19.'i 21.2 

~ HICH Hl{;H H! Qf l.Dll 
M - Air ve- Air Atr- ve- Air Ah· v~- .Ur "tr ve- Air 
l ~i int locity temp. Joct ry t.oorp . locl<Y leD.0- loeUy ti:mo, 

Upper 0 . 37 2• . 5 0.3; 22 . 9 0.11 2>.I 0 . 11 2o.O 
1 Kiddle 0.16 2• .5 0.14 24 .0 0.11 25.0 0 26.0 

l<n<er 0 . 26 24 · ' 0.1' 2'.• 0.12 2" . 0 o.o> 26.2 . Upper 0.16 2• . 5 O.ll 24 •• 0.13 2~ .9 0 . 01 27 . 0 
c 2 Middle 0 . 16 24 . 7 0.12 2• . 3 0 . 07 25.0 0.05 26.9 a Le»ri•er 0 . 1' 211 . 7 O. l• 2~ .1 0.12 25 . 0 0.05 26.1 
c Upper 0 . 13 27.] o:W u.z o;il• 23 . 9 0 27 . 1 
" . 3 Middle 0.15 26 . 0 0.11 23.6 0.11 24 .2 0 26. 9 -" 

" 
LolO'er 0.20 2<.o o.o• z• . 1 0 . 01 2• . 5 0 . 05 20.8 

0 Upper 0.22 12' . 6 0.16 25.<1 0 25.9 0 21.1 z • Middle 0.16 2• .5 0 . 11 24 . 9 0.05 l;.9 0 n .1 
Lower 0 . 17 24. 4 0.12 l• . 8 0 .05 2<. . a o.o• 26.0 
Upper . 0.11 25.1 0 2~-3 0 27 . J 

5 Middle . - 0 . 14 2•. 9 0 26. I 0.04 27.2 
l."' '"r - 0. 12 2<.o 0 . 10 2~.8 0.01 26.0 
Upper 0.21 25 . 0 0.05 25 . J 0 25. 9 0 21 . 5 

I Middle 0. 17 24 . 9 0.05 25.2 0.01 26.0 0 . 01 27 . 3 
l.ower 0 . 10 24 .a Q.P 2'. I 0 26.0 0 . 12 27. L 
Upper 0.14 25 . 0 0 .05 25.0 0 26 . 0 0 27 .) 

2 Middle 0.16 25.0 0 . 12 1?5.2 0.03 26 . 0 0 27 .5 
c l..ower 0.17 2• . 8 0 . 15 z• .9 o.o• 2;.• 0 26 . 9 a Upper 0 27 . ; 0 . 12 25 . L 0 26. ! 0 27 . 3 

" 3 Middle 0.08 26.4 0.15 25.2 0 . 01 26. l 0.08 27 .2 0 

" 
Lower 0.12 zs .e 0 . 16 2<. . 2 0 . 01 26.0 o .~ 27.0 . Upper 0.12 25 . 0 0 .1• 25.0 0 126.0 0.05 21 .z 

c 

" Middle 0.12 25 .0 0.12 zs.o 0.02 26.0 0.15 27 .2 
Lo~er 0.12 2~.o 0.16 z•.4 O. LZ 26.0 a.OS n.o 
Upper o.fS 27 . 5 0 .11 z;.) 0 26 . 1 0 I ~7 .2 

5 Middle 0.21 26.5 0.12 25 .S 0.15 26 . 2 0.04 27 .z 
Lo~er 0.21 26 . 0 O.l) 25.6 0.15 26 . 0 0.10 26. 9 

fable 5, Me asu r ed concent1·at i on or dust C02 a nd CO 

VAV air FCU CO> con- CO con- Occu-
volume centra'tion pants 
1111 •/ h.eo" p pm ·-1-T--I .l ?ffif -- - 91 

10.8 0 . 15 770 2.8 91 
8 . • 0 . 15 0. 14 170 2 .4 70 

•8 . 6 LOW 0.15 O. l!f 600 2 . • 88 
6.1 HIGH 0 . 15 0. 13 990 2 .6 62 
6 . 1 LOW 0. 26 0 . 22 1020 ) . O 61 

Tab l e 6. Survey of the occupants (Questionnaire) 

item Result 

L ___ .:__..J..!.L_::.:_: ___ •;.'..J _ _ ...L ___ J_:;_.li~ Of t en 

11.2 d.l..$ple<>:>"" 
L------L..::;.:..:.. ________ ~ - ......1.-'!..-'-.L.<.l d.U1'1~eo:1 

"·' 

C. l Indoor A..l.r flow 

-. i c.U 

' 
r= O Pt1 r11n .. t•r ?~ 

lr.itu&or z•;-

•, lo II l~ 

Vl..V ~ Vol~ .:111n ' 

The relation between 
concentration of dust 
and VAV air volume 
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SYMPOSIUM 

Controls: Source Modification and Air Cleaning 
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