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background

Buildings consume considerable amount of resources like energy, water
and building materials during their constructing and operating, and may
affect the local/global environment as well, e.g. producing greenhouse
gases and affecting urban heat island. IEQ performance can affect
occupant health, perception, comfort and working efficiency.

Buildings are expected to have high performance (energy efficiency,
IAQ, thermal comfort…)
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database for green buildings

Database Name Institute Scope
Building Performance Database (BPD) LBNL US
EnerGuide for Houses Database (EGHD) Natural Resources Canada Canada
Low Energy Building (LEB) Database Technology Strategy Board of UK UK
… … …

Whole-building performance (measured and/or simulated)

There’s no available green building database based on the
performance for building technologies

Module-based high-performance building design
Changzhou P+ Building
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module-based design

Database based on the performance for green building
technologies

Module-based high-performance building design
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module-based design
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definition & data collection

Green building
Buildings that can elevate their performance against the local
reference buildings

Green building technologies
Building-related technologies and design features which can
improve the building performance

Local reference building
A building with typical building features and technologies in a
local area/climate zone

Data collection
• Cases from existing green building databases
• Green building cases from literature
• Existing green buildings

Changzhou P+ Building
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classification

1. Site & Climate (SC)
2. Form & Massing (FM)
3. Internal Configuration (IC)
4. External Enclosure (EE)
5. Environmental System (ENV)
6. Energy System (ENG)
7. Water System (WS)
8. Lighting & Daylighting (LD)
9. Material & Embodied Energy (ME)
10. System Interdependence (SI)

Green Building Technologies related to …
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summary

GBT data collected from the
residential buildings of Low
Energy Building (LEB) database
and literature.

GBTs were categorized to
passive technologies, service
systems and renewable energy
generation technologies.

X. Cao, X. Dai, J. Liu, Building energy-consumption
status worldwide and the state-of-the-art technologies
for zero-energy buildings during the past decade,
Energy Build. 128 (2016) 198–213.
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performance aspects

Site
-> urban heat island effect
-> urban ventilation performance

Energy efficiency
-> energy consumption
-> renewable energy use

Water efficiency
-> water consumption

IEQ
-> thermal comfort
-> IAQ

-> ventilation rate
-> pollutant level

-> lighting
-> acoustic

Material and resource
-> material use
-> waste management
-> life-cycle assessment

Performance aspects of different green building standards Performance aspects for GBT database measured
simulated

currently used
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assessment approach
How to assess the green building performance against local
reference building?

Forward step evaluation of performance improvement
potential to reference building

Backward step evaluation of performance improvement
contribution to target building

Assessment method
-> Simulation

Assessment tools
-> EnergyPlus

-> energy use
-> water use
-> thermal comfort
-> material use…

-> CONTAM
-> ventilation
-> pollutant level…
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assessment approach

Performance improvement potential (Pi)

Performance improvement contribution (αi)

Scaling factor (βi)

𝑃𝑃𝑖𝑖 = (𝐸𝐸𝑟𝑟𝑟𝑟𝑟𝑟 − 𝐸𝐸𝑟𝑟𝑟𝑟𝑟𝑟+𝑖𝑖 ⁄) 𝐸𝐸𝑟𝑟𝑟𝑟𝑟𝑟

𝛼𝛼𝑖𝑖 = (𝑃𝑃𝛴𝛴 − 𝑃𝑃𝛴𝛴−𝑖𝑖 ⁄) 𝑃𝑃𝑖𝑖

𝛽𝛽𝑖𝑖 = ⁄𝑃𝑃𝑖𝑖′ 𝑃𝑃𝑖𝑖

Eref – performance effects (energy use, water use or thermal 
comfort…) of reference building;

Eref+i – performance effects (energy use, water use or thermal 
comfort…) of building with technology i;

Pi’ – performance potential of technology i in different conditions;
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database construction

Passive technologies

Service systems Renewable energy

Site

ClimateGreen Buildings

Performance

Features & Technologies
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Building type:
Single-family house (223.07m2 conditioned area)

Location: 
New York City (climate zone: 4A)
Miami (climate zone: 2A)

Local reference building:
A two-story house with pitched roof and unconditioned attic 
(Building America Protocols from NREL) 

GBTs used in case study:
• highly-insulation exterior wall
• controlled shading system 
• air-tight wall assembly

Performance aspect:
Energy consumption (heating & cooling)

Assessment tool: 
EnergyPlus

E. Wilson, C.E. Metzger, S. Horowitz, R. Hendron, 2014 Building America House Simulation Protocols, 
Natl. Renew. Energy Lab. (2014).

information

New York

Miami
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results

highly-insulation exterior wall
controlled shading system 
air-tight wall assembly

Energy use of different cases using different GBTs

• Air-tight wall has highest performance
improvement potential in both NYC and Miami,
while high-insulated wall and shading system
have lower potential.

• Same GBT performs differently in different
climate zones.

• The studied three GBTs don’t affect each others’
performance a lot since the coefficient (αi) when
a technology working with another technology is
very close to 1 (0.89-1.00).

Performance potential (Pi) and contribution (αi) for different GBTs in 
each case
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1. Green building database based on building features and technologies is essential
for module-based green building design, but is still scarce;

2. Performance assessment coefficients are suitable for the evaluation of
performance improvement potential and contribution, as well as synergistic effect;

3. The database covers multiple performance aspects and can work in different
climate zones;

4. More diverse building cases should be added to the database.



Thank you!

Questions & Comments
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Jianshun “Jensen” Zhang

E: jszhang@syr.edu

W: BEESL.syr.edu
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