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Building Technology 4.0

เกชา ธรีะโกเมน
• ประธานบริหารกลุม่บริษทั EEC
• อปุนายก วิศวกรรมสถานแหง่ประเทศไทยฯ
• อดีตนายกสมาคมวิศวกรที6ปรึกษาเครื6องกลและไฟฟ้าไทย
• อดีตเลขาธิการสภาวิศวกร
• กรรมการมูลนิธิอาคารเขียวไทย
• ประธานอนุกรรมการฝ่ายประเมินสถาบนัอาคารเขียวไทย/ 
• ผูจ้ดัการโครงการ Smart city & Clean energy
• ASHRAE Fellow member
• ASHRAE Distinguished Lecturer
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• Low Cost Piping Design system

• Low Friction Loss Piping Design System

• Low Loss Electricity Distribution System

• Redundancy

Web Based M&E Distribution System

30% Savings!
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Integrated utility center
UTC
• 16,000 RT
• 80 MVA
• MEP 15,000-20,000 m2

Reclaim systems
• Recycle water
• Hot water

* Systems has 
high redundancy

Garbage center

Service road/dike Utility backbone

115kV Sub 80 MVA

Sustainable development : Centralized systems
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NEUTRAL CARBON CITY CONCEPT
Integrated Utility Center

• District Cooling and Heating Plant

• On site power generation plant

• Central Waste Water Treatment plant

• Recycle Water Treatment Plant

• Garbage Logistic Center

• 115 kV Electrical Substation

Makkasan Tower

• Stack Ventilation

• Communication

• Light

• Landmark

Renewable Energy

• Solar roof top PV 

panel

Rain Water Retention Pond 

‘Car Free Zone’

With ‘ GREEN BUILDING’ Standard

RENEWABLE 

ENERGY 60%

Heat island 
effect -3 c

o Freezer
-20o C

o Cold 
storage
-10o C

o Chille
d 
room
10o C
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EEC –NEW OFFICE BUILDING 2

EEC –NEW OFFICE BUILDING 2
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EEC –NEW OFFICE BUILDING 2
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EEC –NEW OFFICE BUILDING 2
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World threats

COP21
Greenhouse Effect & Climate Change

From an HVAC perspective, CO2 reduction can be achieved 
in 2 ways

� Reduction of direct emissions -> use alternative refrigerants with lower GWP

� Reduction of indirect emissions -> improve energy efficiency of the systems

The land-ocean temperature index combines data on air temperatures over land with data on 
sea surface temperatures. (“Mean” is the midpoint between the highest and lowest.) The 
black line shows the annual changes; the red line tracks 5-year periods. Source: NASA 
Goddard institute for Space Studies. (January 11, 2008)
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Climate Change Heat Island Effect

Environmental
Crisis?
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? LED / T5

? PV cell

? Recycle water

? VAV

? EMS

? E Fire pump/ 2 Hr.

? Drinking water

<200,000 ton 
CO2/year

Heat island 
effect 0 c

Low carbon city
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PLATINUM 61  points 
and 
above

GOLD 46 – 60 points

SILVER 38 – 45 points

CERTIFIED 30 - 37 points

Thai green building institute
Engineering institute of Thailand + Association of Siamese architects
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Green building rating

Building 
Management

Site and 
landscape

Environmental 
protection
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Thermal comfort IAQ Energy

55

62.1
90.1

Category Point

(Prerequisite)

%

1. Building Management 3 (1) 3.5 %

2. Site and Landscape 16 (2) 18.8 %

3. Water Conservation 6 7.1 %

4. Energy and Atmosphere 20 (2) 23.5 %

5. Materials and Resources 13 15.3 %

6. Indoor Environmental Quality 17 (2) 20.0 %

7. Environmental Protection 5 (2) 5.9 %

8. Green Innovation 5 5.9 %

รวม 85 (9) 100 %
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Lead the Future

2012

Blue Ocean Strategy
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Building Technology 4.0

25 w/m2

< 5 w/m2
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47474747

นายเกชา ธีระโกเมน กรรมการสถาบันอาคารเขียวไทย ผู้จัดโครงการ
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Climate change

City development

Centralize
d system

� District Cooling System

� Central Waste Water 
Treatment

� Central Recycle Water 
Treatment

� Fire Water Supply 
Station
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Circadian rhythm
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“Smart city”
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Community quality of life

Sustainability 

54545454

RequirementRequirementRequirementRequirement Micro cityMicro cityMicro cityMicro city CityCityCityCity
Usable area  1 – 5 

x100,000 m2
> 5 

x100,000 m2

Demand (BAU) 3-8 MW > 8 MW

Population 5,000 – 15,000 > 15,000

City Characteristic 
Criteria

SMART 
City 
Criteria

• Joint organization of stake holders

• Land ownership

• Compliances with city planning 
regulation 
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55

Calculation of Demand (BAU)

Smart City
Mobility

Energy

Community

Economy 

Environment

Building

Governance

“Smart city” represents further dimension toward sustainable development by 
green value chain of city planning integration base on smart technology 
infrastructure. It is a new solution of city development and changes for self-
sufficiency.

ASHRAE CRC 2016 Bangkok
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57575757

DRAFT - SMART City Criteria

58585858
WWW.DATAFORCITIES.ORG

1. SMART Energy

1.1 Energy Generation
- 30% from Renewable Energy
- Onsite power generation
- Energy Storage

1.2 Energy Distribution
- District Cooling/Heating
- Eco-Vehicle (EV,PHEV,FCV,HV)

1.3 Green House Gas Reduction
- 30 % CO2 Reduction

1.4  SMART Grid
- Area Energy Management  

System
- SMART Meters (AMI)
- Micro Grid
- Distribution Management System

SMART City 
Criteria
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59595959
WWW.DATAFORCITIES.ORG

2. SMART Mobility

2.1 Physical Infrastructure
- Passive Mobility Design
- Infrastructure
-Vehicle Network
- Pedestrian and bicycle network
- Waste transport logistic

2.2 Digital Infrastructure
- Information accessibility
- Telecommunication

2.3 Operation Technologies
- Traffic Management
- Security & Safety Management
- Utilities Management
- E-Services
- Environmental & Waste    

Management

SMART City 
Criteria

60606060
WWW.DATAFORCITIES.ORG

3. SMART 
Community

3.1 Social Inclusion and 
welfare

- Participation Channel
- Participation Campaign
- Universal Design
- Civic Area

3.2 Education
- Life long learning channel
- Learning Center

3.3 Security & Safety
- Physical Security & Safety  

Planning
- Disaster Management

3.4 Health
- Healthcare
- Well-being

SMART City 
Criteria
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61616161
WWW.DATAFORCITIES.ORG

4. SMART Environment

4.1 Natural Environment
- Preservation and Protection
- Natural Trail
- Sustainable Use of Natural 

Resources
- Reduction of garbage dump
4.2 Agricultural Environment
- Recovery of peri-urban area
- Zero km production
- Use organic fertilizer
- Industrial composting
- System of constructed wet land
- Food supply chain
- Monitoring of cultivated field
- Innovation system of production, 

4.3 Urban Environment
- Waste Management
- Water Management
- Green Area, Public Open Space and 

Brown Field Site
- Urban parks, gardens, public spaces
- Preservation and Production of 

cultural heritage
- Efficiency and monitored sewage 

system
- Multifunctional and interactive 

urban furniture
- Reduction of pollution and urban 

heat island effect

SMART City 
Criteria

62626262
WWW.DATAFORCITIES.ORG

5. SMART Economy

5.1 Sustainability
- Business Plan

- Revenue Stream,   
Services incomes

- Life Cycle Cost Analysis
- Investment Model
- Partnership Formation
- Return on Investment

- Social Benefit
5.2 Innovation

- Enhance competitiveness of  
the city

5.3 Enhancement of the 
territory

7. SMART Governance

- Leadership
- Specific strategies
- Dedicated organization
- Management process
- SMART City Principle
- Performance Measurement

6. SMART Building

6.1    Green Buildings Policy
- 100% Green Buildings Certified

on TREES rating system
6.2    Net Zero Energy Buildings (NZEB)

NZEB

SMART City 
Criteria
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63636363

SMART Mobility: ระบบบริหารจดัการอจัฉริยะ
3.5 ระบบบริหารการทอ่งเที6ยว

Source: Smart Living Technology & Service Program Office, Taiwan. (2009). i-236 project [Online]. Available: 

http://www.i236.org.tw/

64646464

SMART Mobility: ระบบบริหารจดัการอจัฉริยะ
3.6 ระบบบริหารจดัการสิ6งแวดลอ้มและของเสยี

Source: Charith Pierra, et. al, Transaction on Emerging Telecommunications Technology, 2014
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65656565

SMART Mobility: ระบบบริหารจดัการอจัฉริยะ
3.7 ระบบการทาํธุรกรรมทางอเิลก็ทรอนิกส ์

Source: True
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70707070

ตัวอย่างการบริหารจัดการเมืองแบบอัจฉริยะ 

Source: http://www.udck.jp/en/ 
               http://www.kashiwanoha-smartcity.com/en/concept/whatssmartcity.html

Newtown Development Partnership

• โครงการพฒันาเมืองใหม่ที่อยู่อาศัย (Newtown) 
บนพืน้ทีเ่กษตรกรรมบรเิวณชานเมอืงโตเกยีว เพือ่
ตอบสนองการพฒันารถไฟความเร็วสูง

• ขนาดโครงการ 5.2 ตร.กม. สําหรับผู้อยู่อาศัย
ประมาณ 50,000 คน
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71717171

ตัวอย่างการบริหารจัดการเมืองแบบอัจฉริยะ 

Source: http://www.udck.jp/en/ 
               http://www.kashiwanoha-smartcity.com/en/concept/whatssmartcity.html

Urban Design Center Kashiwanoha (UDCK)

72727272

ตัวอย่างการบริหารจัดการเมืองแบบอัจฉริยะ 

Source: http://www.udck.jp/en/ 
               http://www.kashiwanoha-smartcity.com/en/concept/whatssmartcity.html

Newtown Development
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73737373

ตัวอย่างการบริหารจัดการเมืองแบบอัจฉริยะ 

Source: http://www.udck.jp/en/ 
               http://www.kashiwanoha-smartcity.com/en/concept/whatssmartcity.html

Area Energy Management System 

74747474

ตัวอย่างการบริหารจัดการเมืองแบบอัจฉริยะ 

Area Management Program 

การสง่เสริมการจดัตั �งธุรกิจใหม่

กิจกรรมนนัทนาการและเสริมสร้างความรู้ให้กบัประชาชน

การสร้างเมืองสขุภาวะ
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75757575

ตัวอย่างการบริหารจัดการเมืองแบบอัจฉริยะ 

Pecan Street Project (USA)

• โครงการพัฒนาพื้นที่สนามบินเก่าใน
เมอืง Austin รฐั Texas ให้เป็นทีอ่ยู่
อา ศัยที่ เ ป็นมิตรต่อ ส่ิ งแวดล้อมและ
ประหยดัพลงังาน

• โ ค ร ง ก า ร มี ข น า ด  2 . 9  ต ร . ก ม . 
ครอบคลุม ทีอ่ยูอ่าศัย 1000 ครวัเรอืน 
และอาคารพานิชยกรรม 75 แห่ง 

76767676

ตัวอย่างการบริหารจัดการเมืองแบบอัจฉริยะ 

Pecan Street Project (USA)
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Town development

Samui Low carbon 
city

ASHRAE CRC 2016 Bangkok
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โครงการสนบัสนนุการออกแบบเมืองอัจฉริยะ (Smart Cities-

Clean Energy)

Charging Station

Charging Stations 

: Three charging outlets, PV Roof and three parking lots 

SMART Energy

ASHRAE CRC 2016 Bangkok
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ASHRAE CRC 2016 Bangkok

ASHRAE CRC 2016 Bangkok
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ASHRAE CRC 2016 Bangkok

ASHRAE CRC 2016 Bangkok
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ASHRAE CRC 2016 Bangkok

Mixed use development

ASHRAE CRC 2016 Bangkok
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Housing estate development

ASHRAE CRC 2016 Bangkok

Cluster 
1

Cluster 
2

Cluster 
3

Cluster 
4

Cluster 5Cluster 
6

Cluster 
7

Cluster 
8

Green belt

Industrial estate development

Utility 
center

Water 
Reservoir 
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Urban planning

ASHRAE CRC 2016 Bangkok

CBD projects

Potentials

ASHRAE CRC 2016 Bangkok

Campus projects
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Mobility

With proven technology

Electrical Energy

With proven technology
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Heating Energy

With proven technology

Environment

With proven technology
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Environment

Water
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Smart city IT

Green Building

150 highly qualified  staffs
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Open Plan Office

connectivity

Daylight/Visual quality
Daylight factor 1.5
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• Thermal insulation

Technology: RTTV 7.86

• Noise insulation

Technology: Lighting LED 99.9%
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Technology: Lighting control

• Smart controller

• Motion detector 

• Multiple circuits

Technology: modular chiller
• Smart water cooled 

modular chiller

• COP = 6

• Limit environmental 

friendly refrigerant 410 a 

content

• FCU add on flexibility

A/C area 1750 m2
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Technology: Energy recovery ventilator 
ERV

• Controllable 

fresh air

• Energy saving

CO2 Concentration

Night Flush 
Ventilation

Accumulative CO2

Green Building Guidelines
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Technology: DEECS

• Demand control 

ventilation

• Co2 monitor

• Dry air supply

• Positive 

pressure 

building

• Humidity and 

mold control

OAU : 710L/S Double skin with 2-rows heat pipe

Technology: VSD

VSD list
Chillers, OAU, CBP pump, FWBP 
pump
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Technology: smart A/C system
CMS/FMS

Technology: Smart system
Sensor list
Passive infrared sensor for 
lightings : MDB, Pump, Storage, 
Xerox, Handicap WC room, 
WC (1st & 4th floor) and 
Corridor 5th floor
Temp sensor : Main (CHS, 
CHR, CDS), EEC (CHS, CHR), 
Bright (CHS, CHR), Leaving coil 
(OAU)
Flow sensor : Main (CHR), EEC 
(CHR), Bright (CHR)
CO2 sensor : EEC
Level sensor : Cooling Tower 
(Low level alarm)
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Technology: smart A/C system
CMS/FMS BMS points

Chillers, CHPs, FCUs, OAU

Water meter Digital Electricity meter  BTU/h meter
Energy meter list
EEC 1st &2nd floor, Green Companion, Stitch& Hammer 
Electric meter list
MDB, DB 1st to 5th floor, Chiller plant, CBP pumps, Lift, 
Lighting/Outlet/HVAC for EEC office (3rd & 4th floor) 
WWTP
Water meter list
EEC 1st &2nd floor, Green Companion, Stitch& Hammer, 1st

WC, Rain water meter for irrigation and urinals
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Learning Organization
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hotel condominium

office

commercial

District Cooling System
Central Utility 

Center

• Income 
Provider

• Efficient Facility Management

• Chilled 
Water

• Water

• Waste 
Water

• Recycle 
Water

• Drinking 
Water

• Hot Water

• Garbage

• Electricity?

Time Of Use

• Transformer 
Capacity > 50%

• Cost of electrical 
system > 50%

• Cost of Balcony/ 

Grille

• Services and 

Maintenance

• Tons of Refrigerant 

and Greenhouse gas

• Noise and Hot air

Compressor-less A/C- Pay Less

• More usable space

ImPossible
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Heat Island Effect

Variable Refrigerant Flow - VRF
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CFCs & HCFCs are Ozone Depleting Substances (ODS) 

leading to more UV-B dangerous radiation reaching earth

• The Montreal Protocol was signed in September 1987 for the phase-out of 
CFCs & HCFCs

• A return to the 1960s levels might take up to 2070

Spring 1990

Spring 1980 Spring 2000

Spring 2014

Image source: Ozonewatch - Nasa

Worldwide phase-down of HFCs
European F-Gas & North American Proposal

EU CO2eq vs. Baseline: 183 Mtonnes
Phase down controlled by a 

quota allocation system

Declining supply of HFC 

increasing refrigerant prices 
weighted on GWP value

2018 = a critical year 

6-8 years time gap

Expected A/C 
transition start

to alt. refrigerants
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VRF & Chillers Have Strengths 

in different segments

VRF Focus
Systems < 200kW

New but especially Retrofit
Mainly Installer / HVAC designer

Installer Value Preference
• Strong support from supplier
• Ease of installation
• Installation cost

Chiller Focus
Systems up to several MW

New & Replacement
Consultants / HVAC designer

Consultant Value Preference
• Comfort (air quality)
• Ease of maintenance
• Open system architecture
• Operating costs

• VRF WW foreseen CAGR around 10% (still regions with low penetration)
• But serious challenges arising from focus on GWP  / flammability of alt. refrigerants

• Chillers WW foreseen CAGR around 3% (a more mature application)
• But better positioned to be seen as „greener“ systems

Range of electronic 
controls to match varying
needs  of automation

Pressure control and 
regulation to achieve 
desired conditions with 
reliability

Pressure Independent 
Balancing Valves
Save water pumping energy 
and improve chiller part 
load conditions

Solenoid valve for Energy saving 
hot gas defrost and liquid line shut 
off

EXVs & TXVs to achieve desired 
conditions while saving energy 
consumption 

Microchannel heat 
exchanger (V-coil
MCHE) to save 
refrigerant, space  and 
energy

High efficiency fixed speed  Scrolls  
with patented IDVs for high PL 
efficiency – DSH 7.5 - 40TR 

High efficiency Inverter 
Scrolls
VZH 3 – 26 TR

Inverter Drives to optimize 
condensation for maximal part-load 
efficiency

Chiller plate heat 
exchanger (MPHE), 
R410A optimized up 
to 200kW x circuit

Line components to 
ensure safe operation
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• Transformer 
Capacity > 20%

• Cost of electrical 
system > 20%

• Cost of Individual Hot 

Water Heater

• Services and 

Maintenance

• Hot Water Cloth 

dryer

Hotel grade Hot Water Supply
- Pay Less

• More usable space

ImPossible

1,700,000 square meters

• District Cooling System - 30%
• District Heating System - 5%

• Centralized Utilities - 5%

• Compressor-less A/C for Condo - 10%

• Renewable Energy - 10-20%

Possible Target - 60-70%

or  90,000-105,000 Tons of Carbon saved

+ Tons of Greenhouse gas from 

Split Type A/Cs Refrigerant 

Carbon Reduction
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Possible

Acidosis

Increase CO2 / 
Reduce oxygen 
saturation in 
blood
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Legionnaires disease
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