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Outline of Building

* Modern-historical office building In
Osaka

* Floor Area

- South part:18,422 m? (built in 1933)
- North part:28,475 m? (built in 1966)
- Total floor area:46,987 m?

 Number of floors
8F+B2F




QOutline of Heat generating plant

» Experienced several times of Retrofits

* (N) Varied from original “Centrifugal
Chillers + Bolllers™ (N) to;
= Co-generation

+ Absorption Chillers (Gene-Link)

* (S) Original Centrifugal Chillers W/WTES
= Absorption Chillers

« South and North plants are connected to
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Outline of HVAC SYSTEM

* Experienced several times of Retrofits
* (N) Varied from original “Dual-duct system(int.)
+induction-units (Perl.) to;
=No-mixing dual duct VAV(Int.) |/ Target of This ]
+4P FCU w/ Primary Air (Peri.)] (P2P€!
* (S) Varied from original Single duct on-off VAV
(Int.)+induction-units(Perl.) to;
=3Single duct on-off VAV(Int.)
+4P FCU w/ Primary Air (Perl.)
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Performance verification process

-Review design documents
- Follow improved process in historical order
-Verify O&M status

Y

-Verify system details
-Verify opefatr@n -efforts— -----

L 2 v

Macro data | : Addltlonal actual' 1 Pperformance
analyses using |/ qata measurements identification by
BEMS data [i ;to identify system! HVAC system

T
o)

-~ETTICIETICY daltdryses UI CIITIETS dnd [ I Cq - -
generaton . performance . ¢ simulation
" [ L T i L b T
Evaluation of . >
-Chiller performance L 4
-co-generation performance | ) -
-Energy budget -Control and mixing loss analyses . Execute simulations
-Room environment condition in the AC222, b _-verify actual data
-Fan performance analyses on the fan I| -Sensitivity analyses for energy

characteristic curve conservation
| -Mixing energy loss analysis between | =
perimeter zone and interior zone I

s = == s = 1'<l - o Em " Em w \A

Propose subjects of effectlve ener?ry conservation measu
[air-side system (office area)]
[chiller and co-generation systems]
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ldentifying System Operation
Detail of Air-Conditioning System and Controls for
the Office Area of the North Bullding-

Mixing damper
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warm air duct
cold air duct

System operation in winter

Opening A

Minimum
Opening

mss=  MD Opening (Cold air)

(N
24

114, 000CHH xB4mmAq x 30kW

=== MD Opening (Hot air)

‘ MZZa

> 1, 470Mcal /h
< 114, 000CHH

Operation during cool ing with outside air
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Evaluation of Energy Loss by Mixing in AC-22

by Actual Measurements and Process Analysis
Measured data in summer and winter in 2013

At 11:00 August 27, 2013 | At 11:00 January 17, 2014
In summer In winter
AC-22a AC-22b AC-22a AC-22b
97% 84% 70%
INV Qutput (58.2Hz) (50.4Hz)  (40.8Hz)
Air volume : . .
To.0K wow  z0skw
consumption
Qltlerstatic 854Pa 798Pa 802Pa
pressure
S LD COld. e 9%o0pen 100%open 0%
damper position
e 14th Inte%;%:)aﬁcigarence for Enhanced Building Operations, Beijing, China, gép%r%ﬂ::gl 7,2014 360C
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Example of Actual Process Variables around AC-22
Ac-22bINv | 1IN winter operation [ ac-22a inv

100

output '\\ | output
90 | ! v
_. 80 i
m b
[a) y )
O A .
e 70 ‘,\_.’/ : wva:rn.“_ﬂ.vw
5 |
T 60 i
Q |
g 50 :IIIIIIIIIIIIIIIIIII.IIIIII: [
2 771 5F West office : . g AC-22b
8 4} temperature (Y™ 1| ! 363°C outlet
2 17T = Q@ L temperature
3 30 4 32 gug . 25.4°C
> S p— N R eoole __,...,.- (P.ou.....o.o .L";hiné)oc VT Ty .
ZZO P = z ""_‘\% 17500 L 1850!‘\ ('\.-'""'—_'-—-._
Breeze line | [» . é‘D__._. L. /§,‘["’ =T
10 diff b = M 14.4°C ! AC-22a |
iffuser 13.4°C ! : outlet |
0 temperature ; I temperature .
00 00 02 OOProc%QOOf th@lﬁtl&ﬁerna&&ﬂﬁnfereﬁ&QOEAAOZMIdeMSQ\@onS ﬂﬁu{aua] S&mmer Zﬁcﬂ'ﬂ?m Z'Z-UU_UU.UU
1/17 (Fri) Time 11:00 17:00 1/18(Sat) 9




Mixing inside AC-22 due to bypass dampers
The air volumes through the by-pass dampers VD1
and VD2 in AC-22 are estimated by calculating the air
volumes of fans alone.

Fan static pressure 1200Pa

AC-22a, /' 3850Pa -350Pa
(Cold air) =
56,968m/h | ||/, Ql14,218mm
Warm air) H 2% VD1
42,635m/h AN <7['85,386m/h
AC-22b \_ \_

850Pa -250Pa

P of the 14th Internatiol Eaf.n StatIC ErOESSldBlreCh]-];OtOP14-a'2 4
Air volumes at 11:00 on January™17,2014 10
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~_AC-22D operating point
o || T 1AC-228 operating point | 1=
2200 N 110 _ _
Operating point
2000 100
[AC-223a]
. 1800 | 90 64,000m/h
& 1600 80 o X 1,200Pa
o) =
S 1400 0
1100Pa £ | 35,000m/h
'_E AVIVIV) 90 g xl’loopa
o 800 40 ©
L ©
600 30 3
(a
400 1N\ — 1 20
200 \\‘O
0.......aa,=aa.ia\aaaao
0 25 35 50 | g4 |75 100 125

Q Air volume(X 10° m°/h)
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AC-22b = 22a

49.782m/h
AC-22a, 64,000m/h
(Cold air) c
56,968m/h | { ] <]: OA: 14,218mi/h
13.4°C C <]
(Warm air) H VD1
42,635m/h | <] RA: 85,386m/h
36.0°C ¢
AC-22b .
35,604 m/h

AC-22a = 22b
7,032m/h

Airvolumes-at 100 on-Jartuary 17,2014
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Evaluation of the energy loss by mixing in winter
Air volume balance obtained by actual measurements.

Q. -Heating .A_r.eg._i
g 34°d 23.8°C
| |
r Q2 ,J) | § 24.5°C
Qus IS 85,386 m/h
I 17.5°C. | 25.0°C
L Qi ) | i
Cooling Area
_134°c 1 5.9°C
56,968m/h ! 1 14,218m/h
_ 36°C | i - 21.8°C
42,635m/h © C |

Measured data-around-AC-22-gysterm:+t00~-onJanuary 17, 2014113



Finding mixing air volume from heat balance

Qc1 T Qc2=56,968
Qu, +QH,=42,635

(13.4 X Q¢ 136 X Qpy) +(Qcy +Qu1)=17.5
(13.4 X Qcp 136 X Q) ~(Qcr T Qpp)=34

=)

Qc;=53,890n1/h
Qc,=3,078m/h

Qu;=11,855m/h
Q.,=30,780m/h
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36°C 30,780m/h Heating Area

- 3 77 40 S | 238
13.4°C 3,078m/h@) :_ : -
36°C(11,855ms/h _____________ 85.386m/h
oy Tarsc . g | 25.0oC
13.4°(_53,890ni/h i
13.4°C 5.9°C |
56,968m/h 14,218 m/h
. 36°C | 21.8°C
42,635m/h |

Air volume balance uf cold air and warm air at 11:00 on January 17

Heating coil output
(36°C — 21.8°C) x 42,635 m/h x1.2 kg/m
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Estimation of air and heat balance
at no mixing assumption

The air volume necessary to cooling area
without any mixing

~ ™
65,745 x (25 - 17.5)/(25 - 13.4) = 42,508 m/h
Excess air volume:

\56,968 - 42,508 = 14,460 m/h.

The air volume necessary to heating area
without any mixing

33,858 x (34 - 23.8)/(36 — 23.8) = 28,308 m/h
Excess air volume:

42 .6 1 7.m
) 3r(§edings of g1§ Iﬁtgagagonference for ﬂa’\é;ding Opera ionJan, China, September 14-17, 2014
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36°C 28,308 m/h Heating Area _

@.\ 34°C I _____________ ' 23.8°C
| !
prmr .(.).m./.h ........ .’ - | 24.5°C
................... omih. S%° o 85,386/
‘ :17.5°C! R w1 25.0°C

13.49C_42,508ni/h i

{ Cooling Area
13.4°C 5.9°C ., ¢}
56,968m‘°‘/h % 14.218m/h
L 36°C I C?S>@ 21.8°C

42,635m/h 1| b1.gec
Air volume balance(of cold air and warm air in case of no mixing

‘s

Heating coil output at no mixing assumption

(36°C — 21.8°C) x 28,308 mi/h x 1.2 kg/m
x-1-006 kdfkg 3,800/t = 184:8"k\W

17




Thermal energy loss by mixing

 Thermal energy loss by mixing
= Difference of the heating colil output
=203kW-134.8kW=68.2k\W

Fan power energy loss by mixing
Fan power energy loss is as follows
(The fan efficiency X motor efficiency : 0.5)

« AC-22a fan:14,460 m/h/3600 x 1,200 Pa/0.5=9.6 kW
« AC-22b fan:14,327 m/h/3600 x 1,100 Pa/0.5=8.8 kW
 The total : 18.4kW

18



Primary energy loss by mixing

Assuming the comprehensive system COP based
on primary energy is 0.7,

* Primary thermal energy loss
68.2kW/0.7=97.4kW X 3.6 MJ/kW=350.7MJ/h

* Primary energy loss of fan power consumption :
18.4kW %X 9.97/MJ/kW=183.4MJ/h

 The total : 534.1MJ/h

19



Energy Mixing Loss Between Interior and Perimeter

Zones at Simultaneous Heating and Cooling

Definition of the mixing energy loss

Q| . Actually :i,upplied cold energy

H, ! Real interior cooling load

<-|p . Real perimeter heating load
Mixing energy loss QP  Actually supplied warm energy

The mixing loss ratio (MLR)
MR =1 (|0, |- H, I>* @,-H,)}/ (H, |+H,)

H: Real heat load subscnptl interior coollng load (+), P: perlmetersh?abth Ioad())
ptem

Q: Actual Reat"sUpply/removal (UBEE e RS BTa e AP (4B Perimeter Warm heat (-)

20
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Estimation of the status of mixing loss

6, 000 . 6,000

Perimeter
Zone
o
o
1<
=
Interior
Zone
o
o
=2
= g ..
- 4 -z - i ] L
temperature near the thermostat { .-
for controlling an interior zone H 1
A '
@ : temperature measurement point
In Ee

[ : floor mounted type FCU

: breeze line diffuser

W return louver

Temperature-meastrement: points-n-trre-west-office area on E‘gf



O To T o Izo8

The MD cold air is
The perimeter open 100%except
zone is heated by during the start up

- = FCU outlet temperature
FC U and AC 2 1 ----- FCU inlet temperature
— - - Breeze line diffuser outlet temperature
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Temperature control in

the interior
and perimeter zones

Preset temperature in each zone

e

Pre&_‘,et tgmperature N 29 B50C
the interior zone

Preset temperature In
the perimeter zone

24°C

Check the set value of MD
(mixing dampers) from the
central monitor.

Visual check of the set value of
the northwestern FCU, the
temperature of which were
measured.

Proceedings of the 14th International Conference for Enhanced Building Operations, Beijing, China, September 14-17, 2014
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Estimation table of the mixing loss ratio (MLR)
Significant factors effecting MLR (Nakahara et.al)

Significant Factors Descrlption cl)f Selected | (Average=-2)
cVe Factorial effect

P : Depth 4.5m
P : Outlet direction 0°

- | | : Outlet air volume MD opening: 100%. -8
(air change rate) Air change rate: 5/h.
|-P : Preset temperatures : :

REs PICS -1.5°C (I: 22.5°C, P: 24°C) 44

SR Hanging wall: None, .18

P: Outlet Ar number Ar. number: middle

Length of hxanging WEUE Hanging wall: None 292

I: thermostat position | thermostat position: Wall

P: Outlet dir)iection P Outlet direction: 0°C 8

=0 Erllen A miRE P Outlet Ar number: middle

Sum of factorial effect 23 (%)

:> M L R . Procez—\g_i_ofz 3‘07%@@ ?fjirﬂ/lr Enhanced Building Operations, Beijing, China, September 14-17, 2014
* 24




Improvement Measures for Energy-efficiency

for AC-22 (Interior zone dual-duct VAV)

» Preventing mixing thermal energy loss
€ Improve control strategy to prevent mixture at the
dual duct mixing dampers,
& Close the bypass-damper VD2 in AC-22,
=Reduction of the thermal energies of 68.2k\W

» Reducing excessive fan power

consumption due to mixing
®Inside AC-22 VD2 bypass damper shall be
completely closed.
= Reduction of-fan-power-consumptionrof 18.4kW




» Effective utilization of outside air (cold air) in the

Intermediate season as economizer
The control algorithm is available elsewhere
as outside air cooling.

OA E-24

SA (Warm air)
SA (Cold air)

; MD1 Id air)
\ ? @ v
ST v - .
gl AC—224 S MD2 (Warm air)
. . % y
Proceedings of the 14th International Conf for EnbelNY Buildin ng Operations, Beijing, China, September 14-17, 2014
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» Re-Installing the return fan and reducing the
outlet static pressure settings for AC-22a,b.

Fan static pressure 1200Pa =)

AC-223 . 8;0Pa -350Pa|:>

vali >@ TIAY

D1 380Pa—) | 80Pa

@g—@— RA

800Pa .

800Pa ac-22pb

— =

-50Pa | S0Pa
MD1 / OA%%

X

Return Fan(R-21a)
850Pa -250Pa Fan static pressure

50Pa

Fan staticaoweoswsw@auéhaﬂePoanha@ng oA gionpe

300Pa

September 14-17, 2014
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The effect of energy saving by re-installing the return fan
R-21a Is calculated as follows.

Before (present condition)

» AC-22a fan:64,000m/h/3600 % 1,200Pa/0.5=42.7 kW
» AC-22b fan:35,603m/h/3600 % 1,100Pa/0.5=21.8 kW
=> The total : 64.5kW
After (future condition)
» AC-22a fan:64,000m/h/3600 x 900Pa/0.5=32.0 kW
» AC-22b fan:35,603m/h/3600 x 800Pa/0.5=15.8 kW
» R-21a fan : 85,385m/h/3600 x 300Pa/0.5=14.2 kW
= The total : 62.0kW

Reduction of the fan power
consumption.becomes. 2.0k,

28



Improvement measures to minimizet%e

mixing energy loss between the interior
and perimeter zones.

» Reducing the excessive air conditioning

capacity in the perimeter zone.
* Minimizing the primary air volume in the AC-21 system.

-Reducing the maximum capacity of FCU and AC-21.

» Lowering the preset temperature in the
perimeter zone, and raising the preset
temperature in the interior zone Iin order to
obtain mixing energy gain.

29



» Change the mixing damper control schedule
to eliminate minimum opening preset to
exclude stable mixing of warm and cold air.

» Reducing the outlet volume of cold air in the
Interior zone In the vicinity of the perimeter
zone, and preventing direct mixing loss with
the perimeter zone.

» Lowering the cold air ventilation temperature
from the current level to reduce the air change

rate M Proceedings of the 14th International Conference for Enhanced Building Operations, Beijing, China, September 14-17, 2014
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Discussion
-Next Figure shows the performance verification

process flow In this study.
It also shows the long-term improvement
strategy for the air system and the basic concept
of grading-up the energy plant now under
consideration. Some energy-saving measures
require extensive modification. Continuous
renovation plans will be formulated in
collaboration with the operation staff as the
continuous commissioning process, that is, the
combination of on-going commissioning by O&M
+FM and-reccommissioning by the thirc party.
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(Start (2012.8))
v

-Review Design documents
-Follow improved process
in historical order
-Check control strategies
-Review O&M status
-Verify control set-points

Verify
-System details and
-Actual operation
efforts

Macro data analvses usin Additional actual data Performance identification
BEMS dgta J measurements to identify by HVAC system
L system performance simulations
-Enerayv consumption -AC22(dual-duct system) air volume : :

-Energ ir%guts and o%tputs of -CO2 concentration, indoor and outdoor gg_stteag;rrgt?gglIslns%ec;rf]é:?:)lrlel_rséaErll\ﬂ
agsorption chillers -Estimate coil capacity and OA volume 9 simulgf[ion ool
-Efficiency of co-generation system through temperature measurements -Identify performance curves for

-Actual operation status of chillers -One day variations of controlled variables grgmeter variations
of a zone of representative floor such as, _Gain %ounda conditions from
MB damper openings, inverter frequency BEMS data
of AC22a,b tans, room and delivery air * : ;

Bort I - temperatures, summer and winter *Oﬂﬁgﬂ]ngefantﬂéogﬁ]hn Llj(r)r?i%sit
" Absorption chillers in 2012-2014 i ’
-Co-generation (Gene-link system)
. R-oEonrr?rgr)llvli)l%q’rgr%%ﬂrfgs of the 14th Ipternational Conference for EnhanceqgBuilding Operations, Beijing, China, September 14-17, 2014
(temperature, humidity and CO2 | -Actual control state analyses of AC22 | Execute simulations to verify the 3|2
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