


Why do we need green buildings?

Figure 1. Global buildings and construction key trends 2015 and 2021’
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What Is Green Building?
Benefits for you

Why do we need green buildings? <Htibi smtaronk

Site
Planning

Average
Savings of
Green
Buildings

WATER
USE

CARBON | SAVINGS

SAVINGS

7N
UN&
environment copenhagen
programme climate centre

supportedby @ UJNOPS Zouce!

Capitl E

UN&

environment
programme



Why do we need green buildings?
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+ more efficient resource use

* Manage resources consumed

« reduce costs

= reduce resource use

+ reduce demand on the electric grid

= reduce storm-water infrastructure needs
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DISTRICT SCALE

District heating Microgrids
and cooling LoEakin
efficiency
BENEFITS

= on-site resource management,
production, and storage

= local aggregation of demand

* improve resource distribution

= improved performance and resilience

CITY SCALE
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Location

efficiency Mixed uses

of buildings
Compact
development

BENEFITS

« avoided infrastructure costs
= avoided health costs
« reduce the need for services

= lower energy demand and related
emissions from public infrastructure
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What kind of buildings can be
called as green buildings?

1) Eco-Frie z 4) Household
Building Materials 2) LED Lighting 3)Solar Panels  water Conversion  5)Wind Turbines

B) Harness 7) Sustainable 8) Enemz Efficient  9) Water Re-use  10) Rainwater
Geothermal Energy Insulation Appliances Harvesting




What kind of buildings can be called as green buildings?

Green building rating systems for whole building lifecycle
Urban planning, architectural T Operation &
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What kind of buildings can be called as green buildings?
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What kind of buildings can be called as green buildings?

* Green building rating/certification system
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What kind of buildings can be called as green buildings?

* LEED system

. betwaan 5 - 20 | betwsen 21 - 200 . =201

LEED Certified projects by countries
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What kind of buildings can be called as green buildings?

* LEED system

Certification Points /Credits

Levels Required

LEED® Certified | 40 - 49 points

Identification
Logo/Symbol

Silver Level 50 - 59 points
Gold Level 60 - 79 points
Platinum Level 80 + points
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Building Design Interior Design  Building Operations  Neighborhood Homes
and Construction and Construction and Maintenance Development

Point/ Credit Distribution Tables in different categories

Category A;ilil:zle % of Total

Sustainable Sites 26 23.6%

Water Efficiency 10 9.1%

Energy and Atmosphere 35 31.8%

Materials and Resources 14 12.7%

Indoor Environmental Quality 15 13.6% 0
Innovation in Design 6 5.5% U N Wy
Regional Priority 1 3.6% ;?ggg:nmnfg 1
Total Possible Points 110 100.0%




What kind of buildings can be called as green buildings?

China's Three Star Green Building LEED Rating Criteria and Weighting
Rating Criteria and Weighting
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Health & energy efficiency in green buildings

Figure ES1: Occupant Health and Indoor Environmental Benefits of Residential EE

Insulation Waﬂner drfer air, — FEWEF h-Eiit or Cﬂqd rEIaté'li dﬂﬂthﬁ
Air Sealing - »{ improved indoor .
temperatures & ~* Less hypertension, heart disease =
. relative humidity =
Heating System | % E
Upgrades —*| Fewer asthma, respiratory, Chronic =
» Less moisture, ] ] Obstructive Pulmonary Disease risks }3
mold, particulates, =
Ventilation poliutants, o
| Y - = -
Vent Dryers combustion by- | —»| Fewer licirt disenss fisks, heatnches -
products, allergens m
Efficient Cooking _ .F:l
Appliances ol .~ * Fewer cancer risks due to radon, <
formaldehyde, other sources &
l Lower bills, better
UNG —» | comfort ~ | Less stress, better mental health
environment | copenhagen U N iﬁ;
programme [ climate centre Source: https://neep.org/blog/making-connection-energy-efficiency-health environment

supportedby @ I UJNOPS programme



Integrated building performance design process
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Integrated Building Performance Design Process
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Understand the climate better: find the potential of EE as
climate adaptive architectural design strategies

PSYCHROMETRIC CHART LOCATION: Lusaka-Kaunda.Intl.AP, LS, ZMB
ASHRAE 2005 Latitude/Longitude: 15.333° South, 28.45° East, Time Zone from Greenwich 2
Data Source: SRC-TMYx 676650 WMO Station Number, Elevation 1151 m
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Understand the climate better: find the potential of EE as
climate adaptive architectural design strategies

Winter / Summer code e 7 = extreme cold e 4 = moderate e 1 = extreme hot/ e 2 = dry ¢ 4 = moderate ¢ 6 = humid

CO, Saving Potentials Zambia

Renewable Energy (RE
56% / 93% ZM_Mongu _ 4.34.2- 45% / 80% ZM_Choma._+5.34.3 55% / 93% DE_Berlin _ 6.34 .4+ Ll
Western Province Southern Province all Provinces = Electricity (PV)
. Heating
0 hdd, 2.434 cdd, 3.404 usr - 7,0% pop. 0 hdd, 1.260 cdd, 3.060 usr - 12,1% 3.126 hdd, 232 cdd, 1.513 usr - 100% pop. . E°f’"”§:
ot water
Greening

Energy Efficiency (EE)

B o U.values
l [ -I o  mm _I I . — - = Passive design heating

** Passive design cooling

51% / 87% ZM_Mansa _ 4.44.3+ 50% / 85% ZM_Chinsali _ 4.44.3 48% / 83% ZM_Kabwe _=4.44.3 . o ey
Luaoula Northern Province, North-Western Province, Lusaka, Central Province - EE HVAC equipment
Copperbelt, Muchinga, Eastern Province *  EE appliances
® +  Daylight use
0 hdd, 1.876 cdd, 3.264 usr - 7,7% pop. 0 hdd, 1.687 cdd, 3.274 usr - 50,0% pop. 0 hdd, 1.556 cdd, 3.063 usr - 27,2% pop. *  EE lighting

Insulation heating pipes
Insulation cooling pipes

® :  EE construction site

CENED
7 2l S Grey Energy (GE)
GY ] m= N = [ I "
N\ 12 L - = - **  Life Cycle Assessment
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Understand the climate better: find the potential of EE as
climate adaptive architectural design strategies

environment | cpenvager Design for sun: Maximize solar exposure for old people UN&
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Understand the climate better: find the
potential of EE as climate adaptive
architectural design strategies

Strategies ranked by natural integration for building shade
under the climate of Zambia and Mauritius

Vertical
Louvers Green Roofs
o Blocks sun, allows Natural insulation Reduces heat
Avrtificial airflow and shade absorption Natural
Pergolas and Shade Trees
; Trellises Reduces solar gain
Extends building to Creates shaded naturally
block sun outdoor area

prVyLannne 1 Cliniale cenue
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Natural ventilation strategies in Zambia and
Mauritius climates

High Ventilation

Green Roofs/Walls

Improves insulation, reduces heat gain.

Material Choice

&

Influences thermal performance indoors.

Stack Ventilation

Creates vertical airflow for cooling.

Courtyard Design

Enhances airflow, cools surrounding air.

B

Building Orientation

=8
ER

Maximizes natural airflow through design.

Assesses microclimate for ventilation
on the basis of macroclimate.

Low Ventilation



Understand the climate better: find the potential of EE as
climate adaptive architectural design strategies

External shading in Lusaka, Zambia External shading in Port Luis, Mauritius
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Understand the climate better: find the potential of EE as
climate adaptive architectural design strategies

Shading, heavy wall & ventilation enhancement in Shading, heavy wall & ventilation
Lusaka, Zambia enhancement in Port Luis, Mauritius
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Integrated building performance design: from community-
level to building level

* Qutdoor thermal environment

RG: 1 €:0. 95 SC NORM 00/00/09
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Integrated building performance design: from community-
level to building level

e Qutdoor thermal environment
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Integrated building performance design: from community-
level to building level

* Impacts on energy consumption from landscaping design

Cooling electricity consumption in different

. vegetation rates in Guangzhou (2B)
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Integrated building performance design: from community-

level to building level

* Impacts on energy consumption from landscaping design
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Annual cooling electricity consumption (kWh/m2)
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Integrated building performance design: from community-
level to building level

* Wind environment

External wind speed Human comfort level

V<5 m/s Comfortable
5m/s< V<10 m/s Slightly uncomfortable
10 m/s< V< 15 m/s Extremely uncomfortable
15 m/s< V< 20 m/s Unbearable

V>20 m/s Dangerous

programme climate centre 2
environment
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Integrated building performance design: from community-
level to building level

Probe value
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What are the analysis tools available for integrated building
performance design?

* Integrated simulation tools

Ecotect, DesignBuilder, IES VE (Virtual Environment)

* Wind environment simulation tools (CFD)

ANSYS, Fluent, PHOENIX

* Building energy simulation tools

EnergyPlus, eQUEST, DeST, ESP-r

* New types of tools: BIM-based (Autodesk Insight 360)
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Case Study:

Climate adaptive design in a social
housing residential community
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Thermal comfort design strategy in Guangzhou climate
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LOCATION:

Guanzhou, Guangdong, CHIN

Latitude/Longitude: 23 13° Morth, 113.23° East, Time Zone from Greenwich 8

Data Source:

CTYwW

SE2870 WMOD Station Mumber, Elevation 8 m
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Integrated climate adaptive design of thermal comfort & EE

* Sino-Singapore Knowledge City in Guangzhou, China
Example: social housing community

1) Dual green building certification

2) Planned: 2005-2006

3) Design: 2007-2008

4) Construction: 2009-2010

5) Voted as one of the best residential
communities for living in south China

\|r._

2015 N

. SR

6) Built-up area: 220,000 sg. meters §§

m\

7) Land: 57,000 sq. meters 3

‘T .

3
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Integrated climate adaptive design of thermal comfort & EE

* General challenges on balancing thermal safety, thermal

comfort/health & EE on the site:

» How to prevent the big sunshine in summer while keeping the
same built-up areas

» How to have sufficient sunshine in winter for living rooms and
bedrooms in the purpose of health, especially for old people

» How to control the external wind speed in winter under
1.2m/h for safety, especially surrounding primary school and
kindergarten

» How to ensure the wind comfort during the hot-humid
summer time in exterior spaces around the buildings and
interior spaces inside the buildings
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Integrated climate adaptive design of thermal comfort & EE

* Challenges for master planning:

1) How to locate the 10 high-raising residential buildings as a balance among apartment
amount, outdoor/indoor comfort and cooling saving?

2) Where to locate the primary school and the kindergarten regarding higher requirements
for thermal/wind safety and comfort?

* Challenges for architectural design:

1) How to design the shape of buildings to provide potential and additional shading in
summer while sufficient sunshine in winter?

2) How to make natural ventilation both indoor and outdoor possible in summer while
assuring the winter wind velocity in the safe range?
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imate adaptive design of thermal comfort & EE
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Integrated climate adaptive design of thermal comfort & EE

> Sunshine simulation-Summer
N
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Integrated climate adaptive design of thermal comfort & EE

» Sunshine simulation- Winter
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Integrated climate adaptive design of thermal comfort & EE

» Sunshine simulation-Winter
N




Integrated climate adaptive design of thermal comfort & EE

> Exterior wind environment simulation-Winter

Velocity Probe walue
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Integrated climate adaptive design of thermal comfort & EE

> Exterior wind environment simulation-Summer
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Integrated climate adaptive design of thermal comfort & EE

> Internal nature ventilation simulation-Summer

Yelocity

Velocity Probe value
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Integrated climate adaptive design of thermal comfort & EE

> Internal nature ventilation simulation-Summer

Yelocity

5.959E+00
5.501E+00
5.043E+00
.B85E+00
.126E+00
.668E+00

Yelocity Probe wvalu

5.501E+00
_043E+00
_EBRE+00
4.126E+00

UR

environment copenhagen
programme climate centre

supportedby @ I UJNOPS



Conclusions

* Green buildings requires to have a systematic thinking throughout the whole
lifecycle of buildings on how to achieve good indoor air quality (health), high
energy/water efficiency, and cost-effectiveness, e.g. from planning, landscaping,
architectural/MEP design, construction, commaission, operation and maintenance

* Health and energy efficiency are two important features in green
building/community systems

* Energy efficiency improvements are inherently health improvements but need to
combine with other components on top of energy systems to bring in multiple
benefits. Thus, it requires systematic and integrated building performance design,
which is different from the traditional design methodologies.
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Thank you very much!

Dr. Zhuolun Chen

email. zhuolun.chen@un.org

Linkedm https://www.linkedin.com/in/zhuolun-chen-
412878140/
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