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Introduction

®\\V'nhy energy monitoring?
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Introduction

®\Why energy monitoring?

Needs and Probiems to be soived for buiiding energy conservation.
1. No one knows real time energy demand with the real time use at the same time.

2. Small and middle size buildings(under 5000m) don’t have energy manager.

3. Not to be able to compared at the same time the energy use in two or more,
similar buildings.

4. There are many stakeholders to achieve building energy conservation, so it will
take a long time to decision making process of renewal and improvement.

5. Most building owner and user informally need only less facility cost, not less
COo.
= Therefore we have to develop easy installed technology, and the combined
methodology of economics and environment.

6. Easy data stock methodology of building energy
= Cheaper and more convenience database
= Easy data analysis

= Automatically energy conservation control .
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® Monitoring system(1)

»Web based
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Module framework
»By open source (protocol , database and web etc)

Framework of energy monitoring
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Monitoring system(2)

Prototype

Prototype testing

| TIOT - TS ILERE |

Original electric data transform to open source

o P A0 - TOSINERS

(AR ey

FTIRIED <]
=i =

Copyright (C) 2008 Bumpei magori, yashiro lab, Institute of Industrial Science, University of Tokyo, All Rights Reserved.



Monitoring system(3)

Outline of the first trial
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Monitoring system(4)

Map Institute of industrial science, The University of Tokyo
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® Development stage 1
>»Provision of information to stakeholders

»Well informed decision making
»Mieruka (visualization)
»Mieruka (visualization) and valification
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®Development stage 1

> Provision of information to stakeholders

| The past stakeholders [ stakeholders
( ) Building owners
Building owners 4 ) : :
L ) Admi and Financial
( ) Top manager
Renter -
L ) Building Users

------------------- % nﬂor ( Facility Manager )

Facility Manager E (Energy Manager)
(Energy Manager)

_(Energy Manager)  inforimation A

Electric power supply company

Electric power supply company GAS supply company
GAS supply company Energy supply
Energy supply .
ESCO
[ Energy service company

[ Maker and Building service
& J

(Only claim data) | Asset management company ]
— . Nofacility and energy manager in [ Property management company ]
small and middle size building ;
| Architect & Construction engineer]/

FigD1-1 Building Energy information user ‘-
(stakeholders) (Energy and CO2 data) ,,
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®Development stage 1

»Well informed decision making

TableD1-1 The relation about decision making and information of energy monitoring data use

Stakeholders

Interested information

Energy data and data analysis

Energy conservation
effects

Building owners
CEO

®lifecycle cost
®Asset and property value

Administrator
and Financial

® Annual operation cost
® Annual maintenance and energy

cost

®Changing ratio of energy use
and facility date predict future
investment.

®Lifecycle cost and
environmental load will be
minimum.

Facility Manager
Energy Manager

®Monthly maintenance cost
®Monthly energy cost
®Daily safety operation
®Monthly repair cost

®Daily energy data
®Peak time energy data
®Emergency energy data

®High efficiency management
®\/erification of cost
®Creation of a plan document

Building users
Tenant user

® Amenity and convenience
information

®Indoor temp and humidity data
®Lighting luminance data
®Indoor Air Quality data

@ Commissioning operation
®Re-setting indoor air quality
temp and humidity control

Energy supply  |®Monthly energy cost ®Monthly energy cost data ® Adoptable energy select ion
company ®Peak energy use to the future
@Seasons energy use
®Repair to increase in efficiency ®M & E device consumption data | ®To improve high efficiency
e ®To change high efficiency devices | ®Base line data device
M &E device ®M &E device energy consumption | ®M & E device consumption data | ® Investment
maker and past maintenance number ®Emergency and broken number
Building ®Information about operational ®Monthly energy data ®High efficiency management
Management report of Monthly, Annual energy ®Annual energy data @Good operation for energy
company use and repair. ®Repair information conservation
. ®Design information ®Real operation data ®Grasp and areport of the
Architect, reduction effect

contractor and engineer

®Engineering information
®|Improvement need

®QOriginal energy use and load

®Arrangement for reduction
effectiveness
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®Development stage 1
»>“Mieruka (visualization)”

Example
Analyzed maximum electrical peak demand of all campus in summer

Operation improvement was needed
Komaba Research Campus. From July to September, 2003.
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®Development stage 1
»>“Mieruka (visualization)”

Example
Analyzed maximum peak of electrical power in summer

Operation improvement was needed
Komaba Research Campus. From July to September, 2003

Table Top 10 th of electric power use
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®Development stage 1

»“Mieruka (visualization)”

Example

Ratio of electric power demand in each,resgagch building
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FigD1-4 The day of electfit peak, 11 September, 2003
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®Development stage 1
»>“Mieruka (visualization)”

Example
Evaluate the closed room effectiveness of each laboratory for electric peak
demand control

Amount of theory peak demand reduction 49% (A1300KWH) &#a@Es#HHS

e elibe
Improvement operation: Summer close room effect

Analyzed data of September,2003. Predictable 8.6%less than non effect (A230KWH)
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®Development stage 1

»“Mieruka (visualization)”

Example
Evaluate the closed room effectiveness of each laboratory at peak electric

power demand.
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®Development stage 1
»“Mieruka (visualization)”

Example

Mieruka (visualization) of “High energy consumption type laboratory”

Electric energy
consumption

HEEHNEkwh

Stand by power

N W H 01 O N

| Low
consumption

FRF %
IQng-%Corﬂsumr?tiont%pem 12 14 16 18 20 22 24 p




®Development stage 1
»>“Mieruka (visualization)”

Example of solutions
Energy conservation about high consumption type laboratory.
»Energy conservation diagnosis was needed
»Making plan of energy conservation was needed
»To reduce the base power demand
v'Indoor Air condition setting temperature 28°C
v'Use air to air heat exchanger
v’ Lighting and Air-conditioning are off at lunch time and at the absence
v’ Display the sticker about temperature setting everywhere in campus
»To reduce the peak power demand
v'To shift the peak of using time of experiment equipment.

»Information service of conservation plan for researcher of high consumption
type laboratory.

18
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®Development stage 1

»“Mieruka (visualization)” and verification

Example
Web information for general user (Cyber pavilion)

EXPO 2005 AICHI JAPAN (Japan government pavilion)

BRDOBBEAREE
HoTe7 = e Japan Pavilion on the Web
2 LT 5. : 30 5 S5
& BAM i) ME3-LOLE 0B HAot Ro1y HA)C-BAE
B aREMS > HFEEREND L PHIFILS ! BAFEERED BEREND | [FER Japanese v

Aara *5
A MoTET

Amorad. [0]5|K][EINE A o127 A=

M->TET ! BEM MoTET ! BHEM MOTET! BER
[ [eeszins] [ binel

o o gL
0.0kw/m? | 259 kW 24.7 c

Q05-09-22 18:16 | 2005-09-22 18 17 2005-09-22 18 17
Y4K-BAR ? Y4)-88 8 ? RSO

MoTET ! BHER |°

#_
YAFLORBES

[Faew.sxane—|

Bl 2ass70L%9p

CCTUNISSMD
BT -5 RARLTVET

= |E |2
LJ 7 VY e
V0% B4t

2005-09-22 18 18 FCHBIUR BRLEE  HAFToT
¥4)-BF@

-AVETE BEER) V-

®The effect of the adopted
technology of energy
conservation is expressed
by the numerical value.

®PR of environment
friendly construction.
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®Development stage 1

»“Mieruka (visualization)” and verification

Example of verification
Web information for general user (Cyber pavilion)
EXPO 2005 AICHI JAPAN (Japan Government Pavilion)
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®Development stage 1

»“Mieruka (visualization)” and verification

l
EXPO 2005 AICHI JAPAN
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®Development stage 1

»“Mieruka (visualization)” and verification

Example
EXPO 2005 AICHI JAPAN
Energy conservation method of Nagakute pavilion

Passive solar, spring water for the roof, bamboo gage and roof wool planter
Ny Y TVY=35, SRERITSKNR. M7 —IBEMNR. DITVTTEBREEE)

e

RAFHAE HiEDI & Mor—osnegEnEy)
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Example
EXPO 2005 AICHI JAPAN
Energy conservation method of Nagakute pavilion

Passive solar, spring water for the roof, bamboo gage and roof wool planter
UNy Y TVY=35, RERITSGKIR. M7 —IBENR. ITVUTERRIEEE)
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Example
EXPO 2005 AICHI JAPAN
Energy conservation method of Nagakute pavilion

Passive solar, spring water for the roof, bamboo gage and roof wool planter
Ny YTY—3, BRERITISKNR, M7 —IBEIR. IOV YERRILSE)

B ,_:."p... IHILHJ\\

|I4| ||| il

EmEik{b (FEE-HA)
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Example
EXPO 2005 AICHI JAPAN

Rl == A AN

Energy conservation method of Nagakute pavilion

Passive solar, spring water for the roof, bamboo gage and roof wool planter
Ny Y TVY=5, SRERITBAKIR. M7 —IBENR. DTV TERRIEERE)

] g -
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EXPO 2005 AICHI JAPAN -
Energy conservation method of Nagakute pavilion
Passive solar, spring water for the roof, bamboo gage and roof wool planter
Ny Y TYU—=35, MIRERITIBKMR. M7 —IYBEMR. IVVHUERRILSE)

Spring shower for roof system B Lt -tk E4R (ALA) DITEKEE L. NEFHEEE
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ke

i : 26
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EXPO 2005 AICHI JAPAN
Energy conservation method of Nagakute pavilion

Passive solar, spring water for the roof, bamboo gage and roof wool planter
Ny YTY=3, RERIISGKIR. M7 —IBEMNR. IVVTYERRILSE)
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Insolation

sensor
BstY—

-

Temperatur

e sensor
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Indoor temp sensor Sunlight sensor and wall temp sensor
ZENEEREE Y — NEEDREEVY—, BEE
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Display in the pavilion
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Display in the pavilion
J—=U3INEYA D OFEA 13— —BRTIKR
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®Development stage 2
» Statistics analysis
»Prediction / Simulation model

»Re-systemization & Control
»Developed Energy Al system
»Achievements

33
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®Development stage 2

» Statistics analysis

Komaba campus

®Qutside temperature analysis during peak time

®Study of relation about electric power demand and outside
temperature

®Prediction of 2003 summer demand by 2001 and 2002 data
v'2003’s summer was colder than another year in Tokyo
v'prediction of electric power demand
v'Planning energy conservation by the prediction

2003FDEIL, HIFLYAETH o=, ECTHEF —HFOEHDNTEET —2EEFRAL. THHNBNTEE-BED
BOEAEZTRILE,

34
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®Development stage 2

» Statistics analysis

( It is lower 5 deg than
140 At= 5deg L the average
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FigD2-1 Outside temperature analysis of July 2001, 2002, 2003
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®Development stage 2

» Statistics analysis

140 f It is higher 1 deg than
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FigD2-2 Outside Temperature analysis of August 2001, 2002, 2003
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®Development stage 2

» Statistics analysis
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FigD2-3 Outside Temperature analysis of September 2001, 2002, 2003
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®Development stage 2

»Statistics analysis > Prediction/Simulation model

Komaba campus
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Fig D2-4 The relation about outside temperature,
Incidence, and electric power demand analysis in July 2003.
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®Development stage 2

»Statistics analysis >>> Prediction/Simulation model

Komaba Campus
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®Development stage 2

»Prediction/Simulation model >>>Re-systemization & control

Simulation

If outdoor temperature 32.3°C will be recorded, the electric power peak

demand is occurred one hour after
BHE—VIE. REEE323CHEHRLTH L., MIBBRIZRET S,

Solution of energy conservation (Operation improvement)

It is predictable that the outside temperature becomes 32°C by monitoring morning
temperature. Operation control
EX1) load control operation procedure( management of close room schedule )
EX2) ON-OFF control synchronized with temperature
EX3) Insolation control

Engineering approach

The electric power peak is generated by solar radiation

Building being heated by the outside temperature, and air-conditioning load will be increased.
RAXEBFERVHAREBEICEY ., AN BREON, ZRAARMNMERTEHEICLYENE—INRETS D,

Hardware improvement {}

Ex 1) Setting film on the windows

Ex 2) Improvement of insulation efficiency about old building and prefab building
Ex 3) Roof, rooftop gardening, and roof watering

Ex 4) High efficient air-conditioning equipment

Ex 5) Improvement of night storage type air-conditioning equipment

Ex 6) Use of fuel cell system for control electric peak demand
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Indicator for energy conservation
Case study about energy analysis of amusement park in Kyusyu prefecture.
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Indicator for energy conservation
Case study about energy analysis of amusement park in Kyusyu prefecture.
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®Development stage 2

Making indicator for energy conservation by monitoring
Case study about energy analysis of amusement park
in Kyusyu prefecture.

TRIVF-REBEMUCTHRFR(CZS R, BIBDEREZFHI D,

Average of visitor
[person/d]

Daily electric

power standard
[KWH/d] [KWH/d=m2]

Peak electric
demand
standard

Nighttime Peak
electric demand
standard

Table D2-1 Indicator for energy conservation

2005 E %2006 E % | 2005F £ % | 2006 £ % |20074£4-7H
EYAGER(TR) 3,000 4,500 3,000 4,000 3,870}(4-6
EYAGERKE) 9,000 8,500 8,000 9,500 9,100{(4-6
B EHEE£[E(TR] 120,000 122,000 90,000 68,400 104,230
H BHhE£EENRA) 135,000 136,000 100,000 81,500 113,100
B EhEmAEEER) 0.68 0.69 051 0.39 0.59
A EhEmEEEKA) 0.77 0.77 057 046 0.64
E—/k EhEEEE(THR] 7,500 7,900 5,200 5300 6,120
E—/k EhEEEEULE] 8,500 8,700 6,000 6,100 6,470
E—/F BASmEE[E(TR) 0.043 0.045 0.030 0.030 0.035
E—)k BASmEE[ERA) 0.048 0.049 0.034 0.035 0.037
K EnERAEE(TR) 2,700 3,100 2,700 2300 2,832
wiE ENEEEERA) 3,000 3,200 2,400 2500 2 866
" EhEmEEE(TR) 0.015 0018 0.015 0013 0.016
K ENEmEEERA] 0.017 0018 0.014 0.014 0.016
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®Development stage 2

»Prediction/Simulation model
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FigD2-6 Visitor, outside temperature and electric demand
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®Development stage 2

»Prediction/Simulation model
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FigD2-7 Correlation with outside temperature and electric demand
And prediction demand
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®Development stage 2

»Monitoring and Operation control >>> Commissioning

In the commercial building
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®Development stage 2

»Re-systemization & control >>> Commissioning

In the commercial building
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FigD2-9 Indoor Air Quality— Operation ventilation control before / after =
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®Development stage 2

»Developed Energy Al system (Artificial intelligence)

[ AN N o W P ™

ADO*18ERO3

Monitoring
TM & Powered by Woodnote Corporation http://www.woodnote-co.com/
Target
: FOO1
(DCO2 reduction

@Energy & resource cost reduction

@Management cost reduction Self-Learning

™

BIR/EERODE-HOFRBIETY,

LIRS AT LIZAMLTEAT S oy AT ANkE coll

CEITKY LT OMBRZEHEKICLET . RO3

WEB Informing
Electric power
reduction system
FO03 BHEIBY AT L

Feed-Forward Controlling

GAS power
reduction system
HAHIR S AT L

FigD2-10 function of Energy Al system

BIR/EBERVATLPZABEOMERERIETESLED
AT 4152R03 ™ DAD M AR AR (FO01~004) HiiaeLE T i
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Water reduction
system
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®Development stage 2

®Re-systemization & Al Control

TM & Powered by Woodnote Corporation http://www.woodnote-co.com/

Inter net Data Center
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Al energy sy
»Al energy system’s functions http://www.woodnote-co.com/

Local Al unit Functions

o PMV ( Predicted Mean Vote) control

Indoor temperature / Radiation temperature / Relative humidity / velocity / Amount
of clothes

Optimized ventilation control

Outdoor air cooling control

Warming-up control

Heat source efficiency management

Heat source efficiency control

Demand control

Schedule control

IAQ monitoring

Emergency data storage

Feed-forward control

Center Al unit Functions

Web based automatic making graph and data indicate function
Auto simulation

Auto verification of after control

Correlation analysis

Reduce check

Auto reporting function
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®Development stage 2

®Offline activities for using monitoring and Al system

TM & Powered by Woodnote Corporation http://www.woodnote-co.com/
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of a contract of public utilities
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- Creation of a plan document  HUiEIETEIZ DYERK

 Reexamination of a setup SEREDNEE L
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a contract of public utilities

+ Operation improvement BIRNE
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"% Website of Energ
>»Website of Energy Al System (1) http://www.woodnote-co.com/
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"% Website of Energ
>»Website of Energy Al System (2) http://www.woodnote-co.com/
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e Devel 0 p ment Stag € 2 TM & Powered by Woodnote Corporation
>»Website of Energy Al System (3) http://www.woodnote-co.com/
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Carbon dioxide reduction by ventilation control only
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Carbon dioxide reduction by ventilation control only
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®Conclusion

Result
®Monitor date and using the information are effective to energy
conservation
®\\ell-informed decision making is important for energy conservation
®Energy Al system reduce energy and carbon dioxide

R & D in the future
®Energy Al system have to improved
v'"Making more analysis Patterns
v'Check adoption of many kind of building types
v'"Making more control software
v’ Automatic simulation
v'Making website for each stakeholder

®Opening framework for each stakeholder
v'Making Information Service

® More complex analysis and simulations to be simplified
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