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Now Next New

ENGINEERING
Quantitative
Science driven

ARCHITECTURE
Qualitative

Conceptually driven 
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Drivers 

Global population

Source: US Energy Information Administration 2014.Source: United Nations

Global energy demand (annual by region)Surface temperatures

Source: NASA
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Source: Architecture 2030

Co2 emissions by sectorEnergy demand

• buildings largest consumers worldwide 
• doubled between 1971 and 2010 
• Under current policies global energy 

demand of buildings is projected to grow 
by an additional 30% by 2035 compared 
to 2010

Source: International Energy Agency 2017.

Drivers 

0.1 Introduction
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Drivers 

0.1 Introduction

Performance rating systems

Impact of USGBC LEED & Building Research Establishment Environmental Assessment Method



P. Michael Pelken

P+  Studio+Consulting

Source: UK Committee on Climate Change 2015.
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Drivers 

Reduction off UK [CO2] Emissions by Sector
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Systems engineering
Following ADDAM structure
Qualitative and quantitative

Architectural Design
Methodology focused

Interdisciplinary platform

DESIGN OPTIMISATION TOOL – VIRTUAL DESIGN STUDIO
SYRACUSE UNIVERSITY
US DEPARTMENT OF ENERGY

Software scope
702.000 USD
US Department of Energy

Development
2010- ongoing

Team
P. Michael Pelken
Dr. Jianshun Zhang
Research Team

0.2 Teaching + Research related to Practice(s)
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Lixing Gu, 
Solar Energy Research 
Center, Florida

Francesca Ling, 
Graduate RA, Syracuse 
University School of 
Architecture

Kelvin Feng*
Zhigao Li**
Shewangizawa Semahegn*
Yixing Chen*
Zhaozhou Meng*
MS** /  PhD* candidates, 
Syracuse University LC Smith 
College of Engineering and 
Computer Science

Dan Rice, IT Specialist, 
Syracuse University LC 
Smith College of 
Engineering and 
Computer Science

Hugh Henderson, CDH Energy 
Corp. New York

Robbin Mocarski, 
Administrative Project 
Management, 
Syracuse University

Paul Michael Pelken,  
Syracuse University School of 
Architecture, Center of 
Excellence for Environmental 
and Energy Systems

Dr. Jensen Zhang, Syracuse 
University LC Smith College 
of Engineering and Computer 
Science, Mechanical and 
Aerospace Engineering

Trever Lee, DoE
Project Management, 
National Energy 
Technology 
Laboratory

0.2 Teaching + Research related to Practice(s)

Virtual Design Studio 
Development of a digital platform for 

integrated, fully coordinated and optimized 
designs of buildings, energy and 
environmental systems (BEES)

US Department of Energy funded project 
with an overall project value of $702.000 

over 3 years
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“Architect” “Engineer”

0.2 Teaching + Research related to Practice(s)
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P.M. Pelken - ArchitectDr. J. Zhang - Engineer

0.2 Teaching + Research related to Practice(s)
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Design Stages Assess Define Design Apply Monitor Provide Data /  
Feedback

Design 
considerations

Site and climate 
response

Form and massing

External enclosure 
incl. roof

Internal 
configurations

Environmental 
systems

Energy and water

Material use

Other design factors

VDS ADDAM structure
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Design Stages Assess Define Design Apply Monitor Provide Data /  
Feedback

Design 
considerations

Site and climate 
response X
Form and massing

External enclosure 
incl. roof

Internal 
configurations X
Environmental 
systems

Energy and water X
Material use

Other design factors

VDS ADDAM structure
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Design Stages Assess Define Design Apply Monitor Provide Data /  
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Design 
considerations

Site and climate 
response

Form and massing

External enclosure 
incl. roof

Internal 
configurations

Environmental 
systems

Energy and water

Material use

Other design factors Appraisal (A) Strategic Briefing 
and Outline 
Proposals (B 
and C)

Detailed 
Proposal 

(D)

Final Proposals, 
Production Information 
and Tender 
Documentation 
(E,F,G,H)

Mobilisation, 
Construction and 
Completion (J,K)

After Practical 
Completion

(L)

VDS ADDAM structure
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Whole life cycle assessment and post occupancy data processing

Validation of 
• early design assumptions 
• supporting simulation results
• whole building and environmental control system performance

Creation of VDS case study and reference building data base 
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Project set up and 
evaluation procedures

0.2 Teaching + Research related to Practice(s)
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Project set up and 
evaluation procedures

Qualitative and quantitative 
project input 
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Project set up and 
evaluation procedures 

Discipline dependent 
representation of design 
evaluation 

Qualitative and quantitative 
project input 
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Project set up and 
evaluation procedures

2D and 3D modeling and 
design viewer  

Discipline dependent 
representation of design 
evaluation 

Qualitative and quantitative 
project input 

0.2 Teaching + Research related to Practice(s)
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“Syracuse University (SU) - Nanjing University (NJU) International Center in Sustainability” 
– Interdisciplinary VDS course work and research 

0.2 Teaching + Research related to Practice(s)
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Accepted for publication –
Topical 2013 Special Edition
[Tsinghua University Press and Springer]

0.2 Teaching + Research related to Practice(s)
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Accepted for publication –
Topical 2013 Special Edition
[Tsinghua University Press and Springer]
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Construction
Response to local climate
Hybrid building operation 

MIXED USE DEVELOPMENT– PEACH BLOSSOM BAY, FANGCHENGGANG
DEVELOPMENT COMPETITION AWARD WINNER, 2010

2nd place Wining entry
International invited design competition

Development
4 mil sqm mixed use urban development

Team
P. Michael Pelken (USA)
Vasilena Vassilev (USA)
Minq Deng (China)

Climate Engineers (UTRC) Yi Jiang, Chang 
Xiaomin, Song Fangting; Tsinghua University 
Architectural Design and Research Institute

Design
4 mio. sqm in 4 weeks

2 time zones 

0.2 Teaching + Research related to Practice(s)
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Construction
Reduced wind loads
Novel façade interfaces

Design
Manipulating air flow

Hybrid building operation

AIR CONTROL - INTEGRATED WIND TURBINES FOR ENVIRONMENTAL 
CONTROL AND ENERGY GENERATION 

Project scope
Proof of concept

Development
NYSERDA and CoE funded

Team
P.M. Pelken
Dr. Thong Dang
Research team
SU Technology Transfer Department

0.2 Teaching + Research related to Practice(s)
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School of Engineering, Warwick University

0.2 Teaching + Research related to Practice(s)
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Air Control
Synergistic Integration of Flow 

Resistance Devices (VAWT”S) and  
Architectural Arrangements and Control 

Methodologies for a Novel Natural 
Ventilation Scheme to manage IAQ and 

other wind load specific requirements 

Zhaozhou Chen
PhD candidate, Syracuse 
University LC Smith 
College of Engineering 
and Computer Science

Harish J Palanthandalam-
Madapusi, (CO-PI) Syracuse 
University LC Smith College of 
Engineering and Computer 
Science

Paul Michael Pelken, 
Syracuse University School of 
Architecture, Center of 
Excellence for Environmental 
and Energy Systems

Dr.  Ez Khalifa 
(CO-PI) , Syracuse 
University LC Smith 
College of Engineering 
and Computer Science

John Santoro, 
RA, Syracuse University 
School of Architecture

Dr. Thong Dang, 
Syracuse University LC Smith 
College of Engineering and 
Computer Science, 
Mechanical and Aerospace 
Engineering

Victor Nieto
Columbia University
GSAPP Department of 
Real Estate Development
Sustainability Forum 

0.2 Teaching + Research related to Practice(s)
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Velocity Vectors

C2=0

C2=0.5 (Lower on) C2=0.5 (Both on)

C2=0.5 (Upper on)

Allocated flow resistance device (Vertical Axis Wind Turbine or similar):

0.2 Teaching + Research related to Practice(s)
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C2=0.5 (Lower on)

Streamlines by pressure Allocated flow resistance device (Vertical Axis Wind Turbine or similar):

0.2 Teaching + Research related to Practice(s)

C2=0

C2=0.5 (Lower on) C2=0.5 (Both on)

C2=0.5 (Upper on)
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Typical Plan

0.2 Teaching + Research related to Practice(s)
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Base condition - air distribution without flow resistance device 

-

+
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Manipulated flow - air distribution with flow resistance device 

-

+
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Manipulated flow – impact of controlled air flow on interior d 

-

+

0.2 Teaching + Research related to Practice(s)
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Façade reference: UPTOWN, Munich 2003; Ingenhoven, Overdiek
Architekten; Ingenieur Burggraf, Weichinger und Partner

0.2 Teaching + Research related to Practice(s)
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Development strategies for interactive and hybrid HVAC control mechanisms

0.2 Teaching + Research related to Practice(s)
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R&D opportunities:

Development strategies for interactive and hybrid HVAC control mechanisms

• IAQ+ via enhanced natural ventilation 

• responsive single layered façades

• Impact on conventional occupancy related 
room zone modeling

• Impact of reduced wind loads on building 
structure - material savings

• Interactive HVAC control and sensing 

• Real Estate and FM Finance Models

0.2 Teaching + Research related to Practice(s)
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Construction
Adoptable for building and 
component optimisation

Design
‘Living Lab’

Three programs for testing 

P+ DEMONSTRATION BUILDING – COMPONENT TESTING
WUJIN, CHANGZHOU, CHINA
P+ DESIGN GROUP

Building scope
600 m2 governmental project

Development
Completed November 2015

Team
P+ Design Group
Institute of Architecture Design & Planning 
Co. Ltd., Nanjing University
Wujin Green Building Industry Development 
Zone 

0.3 Teaching + Research related to Practice(s)
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WUJIN GREEN BUILDING EXPO – P+ DEMONSTRATION BUILDING
WUJIN, CHANGZHOU, CHINA
P+ DESIGN GROUP

0.3 Teaching + Research related to Practice(s)
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https://www.youtube.com/watch?v=oXYZttxunPw
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https://www.youtube.com/watch?v=oXYZttxunPw

0.3 Teaching + Research related to Practice(s)

• A living lab - configuration changes
• Industry collaboration
• Academic research 
• Testing of range of standards
• Component optimisation
• Building performance monitoring
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https://www.youtube.com/watch?v=oXYZttxunPw
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Provide renewable energy and measure building performance 
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https://www.youtube.com/watch?v=oXYZttxunPw

0.3 Teaching + Research related to Practice(s)

• Expo Park’s only weather station and used for regional climate monitoring
• Measuring IEQ and energy consumption in relation to outdoor climate
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https://www.youtube.com/watch?v=oXYZttxunPw
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Interdisciplinary Graduate Level Research
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https://www.youtube.com/watch?v=oXYZttxunPw
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PhD Level Research
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GREEN WALL – AIR PURIFICATION SYSTEM (2 WEEK SEMINAR)
SYRACUSE UNIVERSITY
WITH LC SMITH COLLEGE OF ENGINEERING

Building scope
Based on the Wolverton System, a NASA 
spinoff technology

Development
Construction of Prototype 

Team
P+ Studio 
Prof. Dr. Jensen Zhang
Master’s level mechanical engineering
students
Undergraduate + graduate architecture 
students

Construction
Living system
Modular assembly

Design
New green wall typology 

Interdisciplinary systems design

0.3 Teaching + Research related to Practice(s)
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Research: Z.Wang, J.S. Zhang, M. Mittelmark, and B. C. Wolverton, Air Cleaning 
Technology for Indoor Air Quality: How To “Grow” Fresh Air? Syracuse University, 
Mechanical and Aerospace Engineering http://beesl.syr.edu
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Exhaust Fan

Ductwork

Foam Insulation

Irrigation System

Activated  Carbon and
Porous Shale Fill

Ductwork

Aluminium Framing

Plywood

0.3 Teaching + Research related to Practice(s)

Automated LED lighting

Sensor Controlled
Water Pump

Water Tank

Planting

Exposed 
Ductwork

Vacuum Formed 
Modules
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Design Build Research – Botanical Air Purification Wall System
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Innovation Strategies for the built environment in research, practice & teaching

Thank you for your attention!

0.4 Q&A

perF RMance based design




