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Research Background ==

« The reasons to advance energy saving and low-
carbonization in a university campus
— Social responsibility of sustainability

— Energy consumption is gradually increasing and largely going up
with the rise of the electric power rate and the gas rate

— The laws and regulations about energy saving and low carbonization
must be observed

* The barriers to energy saving and low-carbonization in a

university campus
— Many old buildings with low performance of air-conditioning system

— Energy management with no ICT infrastructure because of the
various institutions and users

— Distinction between energy required for research/education and
ones wasted
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Todal Sustainable Campus Project
— Realization of the low carbonization as the first priority matter

— 15% reduction by 2012, 50% reduction by 2030
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Case study

ESL-IC-14-09-31

« Building #1 of engineering department
Originally completed in 1935 and partly extended in 1995

Retrofit of the air-conditioning system in 2011
Measurement, analysis, simulation and verifi

9. 60 2. 601

.00

Extension part

£2 59

Standard Floor Pla

ternatlonal Conference for Enhan

:] (232} (225? (225) (220)
B by s y—m BERASSE -
2 ] Ti2] "E% = 201, Aty 32004 | 18701 45 :(.2't§> Orlglnal part
o — s o (=} S
'; g 63 63 BT [510] _813 [430] 32]
= [500 Q1D 23
- B %ﬁ SREE FSP) s (263) (226) | [BQY HBIR [480]v
2 239 T i 213
o WaBusk te1a]  L¥eoo =
= g 2 (240) 96| a2 Wfili
= A R mEMEE oy 201) i
— a [200] m) & .
Z (0501, i RASE T - ) Location Hongo Campus (Bunkyo-ku, Tokyo)
Z 3% (259 i :[;;i (5901 e %ﬁi
3 ] 2. .
i G T g 1 Structure Reinforced concrete
a— [150] :
] copnen | I L. = K ke ™ | Num. of stories | Five stories above, one story below
o LS et 248)_(249) (950) (951} (59 ﬁ}}:;?,@ (208 31
e gggg,g ted " | d i & el 29 [ ] ) Completion Original: 1935, Extension: 1995
= ) O e ??o i e 124 o 4R =
AN emORE T TS PR Building area 3,263 m2
546 | 7.8 .98 | 515 20.64 515 | 7.8 .28 | 546 Total floor area 16,510 m2
70.98

ed Building Operations, Beijin

. Qriginal: 0, 131 w2, Extension: 6,379 m2

4



Before the retrofitting #1 ==
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Heat flow generated by the chiller-heater [MJ/h]
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Before the retrofitting #2 ==

Problems > System COP was very low

— The capacity of the absorption chiller-heaters (ACH) were over-seized
to the thermal load, and the stop/start in the operation was repeated.

— The difference between the outlet and inlet water temperature of the
ACH was very small.

— The secondary pumps were operated when the ACHs were stopped.

30

/\ Outdoor air tgmperature

9/20
(Sat.)

9/21 9/22 9/23 9/24
(Sun.) (Mon.) (Tue.) (Wed.)

9/25
(Thu.)

9/26
(Fri.)

Temperature [C]

Absorption Thermal System
chiller-heater | load rate [%] | COP [-]

No.1 21.1 0.56
No.2 20.1 0.49
No.3 11.4 0.26
Total 9.4 0.37

[Original building]

No.1, No.2: Operated every other day
[Extension building]

No.3: Operated 24 hours
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After the retrofitting

« Adopting air-source heat pump module-chiller 228RT
— Remove the ACHs 240RT x 2 (No.1 and No.2), and remain the ACH 98RT
(No.3) for emergency use
« Using the backup pipe as daily use pipe
— Integrate the air-conditioning systems in the original and extension buildings
« Using inverters to control the secondary pumps
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Effects of the retrofitting #1 ==

Simulation

One year

ACH-EXxisting
Over-sized,
240x2+98=578RT

ACH-HE, T+B, AHP

* Reducing the
capacity, 228RT

Measurement

Two weeks in the
summer and winter,
respectively

Primary energy savings

Cooling: 62%

— Heating: 47%

Almost the same with
the simulated results of
saving rate
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Simulated results in the design phase

Measured results in the verification
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Measured results for heating

(Two weeks in winter)

Note

ACH-Existing: Existing Absorption chiller-
heater (ACH)

ACH-HE: ACH with high efficiency

T+4B: Turbo chiller + boiler
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Before: Absorption chiller-heater
+ Cooling tower + Pumps
(=ACH-Existing)

After: Air-source heat pump
module-chiller + Pumps

4-17,2014

TL: Thermal load




Effects of the retrofitting #2 ==

* Improvement of
thermal load rate
— Cooling
« 0-20% > 50-70%
— Heating
 0-40% > 40-70%

Confirmed that there
IS no problem in the
reduction of the
capacity because the
peak of thermal load is
less than 228RT.
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Amount of heatgeneration [G)]
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Effects of the retrofitting #3 ==

* Improvement of the System COP
— Cooling: 1.18 - 1.52, Heating: 1.02 - 1.18
— Largely improved from the system COP=0.37

Module-l 2

Module-5,6 //

l

l'\ Module-7,8 /

Dec. Jan. Feb. Mar.

Proceedings of the 14th International Conftgr

Apr. May Jun. Jul

ec. 2011-Nov. 2012

ence for Enhanced Building Operatlons B

Aug. Sep. Oct. Now.
Monthly changes of the amount of heat generation and system COP

2|j|ng, China, September 14-17, 2014

2.00

- 1.60

1.20
0.80
0.40

- 0.00

System COP

10



CO2 emission reduction by 2012

« 16.4% reduction (achieved 15% of the target) in the UTokyo
— BAU: estimated by yearly data

« If the energy consumption increase more than 30% in a building,
the increasing is regarded as the natural growth.

— No use the CO2 emission trading
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Future development =

Continue the measures by now
— The first target: 5% reduction by 2017 as compared with 2012

— Expand the measures to the experimental system which consumes
much energy

« Fume hood, Data center, Ultra-low temperature freezer, etc.
— Apply the Cx process closely

Introduce BEMS in each building

— Analyze and evaluate the CO2 emission easier

— Develop the guideline for introduction of BEMS

Use communication and data formats standardized
— International standard, open architecture, multi vender

Construct CEMS In a campus

— CEMS: Campus energy management system

— Utilize technologies such as the optimization, the fault detection, etc.
— Realize-eftective-energy-PManag em@iations seing, chin, Sepember 1417, 2014



Thank you for your kind attention

akashi@arch.t.u-tokyo.ac.jp
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