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ARCHITECTURE ENGINEERING

Qualitative Quantitative
Conceptually driven Science driven
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Drivers
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Drivers

Surface temperatures

Source: NASA

Global population

Source: United Nations

O. 1 Introduction

Global energy demand (annual by region)
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Drivers

Energy demand Co2 emissions by sector

buildings largest consumers worldwide e

doubled between 1971 and 2010
Under current policies global energy BUILDINGS
demand of buildings is projected to grow
by an additional 30% by 2035 compared
to 2010

TRANSPORTATION

~ INDUSTRY

Source: International Energy Agency 2017.
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Drivers

Performance rating systems

Impact of USGBC LEED & Building Research Establishment Environmental Assessment Method

Environmental
Health

Prosperity Vitality

BUILDING
COUNCIL

= s N
GREEN A{ N - Economic Social

Sustainability that Matters to our Community

Energy passport scalg
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Drivers

Reduction off UK [CO,] Emissions by Sector

594 MtCO e

Aviation (GHG)

. Shipping (GHG)

: | Agriculture and LULUCF
Waste (GHG)

. Other non-C0O2
Industry (CC2)
Buildings (CO2)

. Surface transport (CO2)

. Power (CO2)
2050 target

160 MtCO e

2011 emissions

Source: UK Committee on Climate Change 2015.
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DESIGN OPTIMISATION TOOL — VIRTUAL DESIGN STUDIO

SYRACUSE UNIVERSITY
US DEPARTMENT OF ENERGY

Architectural Design Systems engineering
Methodology focused Following ADDAM structure
Interdisciplinary platform Qualitative and quantitative

Software scope Development Team
702.000 USD 2010- ongoing P. Michael Pelken
US Department of Energy Dr. Jianshun Zhang

Research Team
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Dr. Jensen Zhang, Syracuse Dan Rice, IT Specialist,
University LC Smith College Syracuse University LC
of Engineering and Computer Smith College of

Hugh Henderson, CDH Energy Science, Mechanical and Engineering and

Corp. New York Aerospace Engineering Computer Science

] . . Robbin Mocarski,
Kelvin Feng* Virtual DGSlg n Studio Administrative Project

éﬂf@gnuzawa Semaheant Development of a digital platform for Management,
J - integrated, fully coordinated and optimized SYIEETEE CIVEEY

Yixing Chen* . Ly
Zhaozhou Meng* designs of buildings, energy and

MS** /| PhD* candidates, environmental systems (BEES) Trever Lee, DoE
Syracuse University LC Smith US Department of Energy funded project Project Management,

College of Engineering and with an overall project value of $702.000 National Energy
Computer Science over 3 years Technology
Laboratory

Lixing Gu, Paul Michael Pelken, Francesca Ling,

Solar Energy Research Syracuse University School of Graduate RA, Syracuse
Center, Florida Architecture, Center of University School of
Excellence for Environmental Architecture

and Energy Systems
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“Architect” “Engineer”
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P. Michael Pelken
@ Studio+Consulting

P.M. Pelken - Architect

Dr. J. Zhang - Engineer
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VDS ADDAM structure

Design Stages 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
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Design Stages Assess Monitor Provide Data /
Feedback

Design
considerations

Site and climate
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VDS ADDAM structure

Design Stages Monitor Provide Data /
Feedback

Design
considerations

Site and climate
response

Form and massing

External enclosure External Enclosure B
incl. roof Environmental Systems
Energy Systems | =
Water Systems |
Material Use and Embodied Energy |
Environmental System Interdependencies |

Internal
configurations

systems

e
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Material use

Other design factors
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VDS ADDAM structure

Design Stages Monitor Provide Data /
Feedback

Design

considerations INPUT OUTPUT

Site and climate
response

cultural / social / economical — 7 ' location / budget

start of coordination: climactic / ecological — ' | — sources of labor

Form and massing & materials

program / functional / aesthetical — progam reg. / design concept
External enclosure | performance criteria

incl. roof

Internal site / landscape 7 7 7 7 g midlevel designs

configurations performance prediction

(mid-conf. level)

full coordination: form / orientation I rﬁidci!e I

Environmental

——1—1—14ll cost estimates
systems . loads / enclosure / HVAC |/ more detailed specs

Energy and water

final design

Material use
performance prediction

optimization: (high-conf. level)

Other design factors
final cost estimate
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VDS ADDAM structure

Design Stages

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

KBES
Matlab
(Knowledge-Based Expert System)

t

Ii Artificial Intelligence —I

trigger decision making based
variable-based-simulation on simulation results

!

Building Simulation

yr w

CHAMPS

I{—: Building Information  —

Virtual Building

— Store Simulation Result —¥

CACHE Database

Industrial Standards
ws. Design Custormization

Contam

Designer's -
Knowledge [

Individual Consultants
Mat. Developers
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VDS ADDAM structure

Design Stages Monitor Provide Data /
Feedback

Design
considerations

Site and climate /Architectural Design \ ﬁroiect Management Team \

etz Team : * Client / Client Representative

* Master Planning : * Project Financial Management

* Architectural Design * Project Construction Management
* Interior Architectural : * Project Operations Management
External enclosure Design ; * All according to project scope and
incl. roof « Site and Landscaping contract form

Design
Internal \ /

configurations

Form and massing

Environmental
systems

ﬁystems Design Team

Energy and water « Site and Civil Engineering Systems

* Structural Systems

- « Active, passive and hybrid HVAC Systems
Material use * Water Systems Human interaction
* Energy Systems Supporting

Other design factors . Lightl’ng Systems Artificial Intelligence
* Acoustics eressnasnsensedp INtEEration and
xproject specific additional scope coordination
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VDS ADDAM structure

Design Stages

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

arial Use & Embodiec
Source or origin of material
Embodied energy
Resistance to local climate condition
VOC emissions

Water Systems

Water demand for service use
Water demand for site

Water demand for HVAC
Water supply opportunities
Water management system

Energy Systems

Energy for heating and cooling

Energy for lighting

Energy for service water heating

Energy conservation and onsite generation
Building energy modeling and analysis
Energy management system

Environmental Systems

Heating and cooling needs and resources (active/passive/hybrid)
Ventilation needs and resources (natural/mechanical/hybrid)
Lighting needs and resources (daylight/artificial/hybrid lighting)
Acoustics needs and resources

Environmental assessment
Sustainability issues

Ideal site conditions

Site context & orientation

Form & Massing

Preferences & precedent
Climate adaptability
Relation to surroundings
Floor area ratio goals

Building massing idea

Internal Configuration

Program distributions
Circulation & spatial requirements
Zoning

External Enclosure

Enclosure opportunities

Solar control strategies (harvesting/storage/lighting)
Renewable energy generation strategies
Performance specifications

Quality and quantity of openings

Water run- off management

Heat island effect reduction
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VDS ADDAM structure

Design Stages Assess Re-Define Monitor Provide Data/
Feedback

Design
considerations D
Site and climate 3

response

Whole life cycle assessment and post occupancy data processing

Form and massing

External enclosure
incl. roof

Validation of
Internal « early design assumptions
configurations . . .
e supporting simulation results
« whole building and environmental control system performance

Environmental
systems

Energy and water

Creation of VDS case study and reference building data base

Material use

Other design factors
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Project set up and
evaluation procedures
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Project set up and
evaluation procedures

Qualitative and quantitative
project input
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Project set up and LI Discipline dependent

evaluation procedures ST — e representation of design
; evaluation

Qualitative and quantitative
project input
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Project set up and LI Discipline dependent
evaluation procedures e P — MR == representation of design
evaluation

Qualitative and quantitative T emEse—— - _ 2D and 3D modeling and
project input o et : design viewer
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“Syracuse University (SU) - Nanjing University (NJU) International Center in Sustainability”
— Interdisciplinary VDS course work and research
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MM ISSN 1996-3599 CN 10-1106/TU

Volume 6 « Number 3 « September 2013

Building Simulation

An International Journal

Guest Editor: Kyosuke Hiyama
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MM ISSN 1996-3599 CN 10-1106/TU

Volume 6 « Number 3 « September 2013

Building Simulation

An International Journal

Guest Editor: Kyosuke Hiyama
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MIXED USE DEVELOPMENT- PEACH BLOSSOM BAY, FANGCHENGGANG
DEVELOPMENT COMPETITION AWARD WINNER, 2010

Design Construction
4 mio. sgm in 4 weeks Response to local climate
2 time zones Hybrid building operation

2"d place Wining entry Development Team

International invited design competition 4 mil sgm mixed use urban development P. Michael Pelken (USA)
Vasilena Vassilev (USA)
Ming Deng (China)

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

BRI TRk |
Central Pedestrian Axis
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Plan 01 Plan 02
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Plan 01 Flan 02
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Natural Ventilation
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Three-Dimensional
Landscape
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02 Teaching + Research related to Practice(s)

solar thermal
collector field

air intake —

- /|
hot humid exhaust air y

p
central liquid ¥
dehumidificalion unil
(thermal driven)
connecled to

air handling unit

central heating plant
for heating and for regeneration
of liquid dehumidification

™

cooling tower for
cocling dehumidification unit
and chiller

axhaust air for
> heat recover
— y

™ cenlral shaft for treated outside
air distribution and collection of
exhaust air
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AIR CONTROL - INTEGRATED WIND TURBINES FOR ENVIRONMENTAL
CONTROL AND ENERGY GENERATION

Design
Manipulating air flow
Hybrid building operation

Construction
Reduced wind loads
Novel facade interfaces

Project scope

Development
Proof of concept

Team
NYSERDA and CoE funded

P.M. Pelken
Dr. Thong Dang
Research team

SU Technology Transfer Department
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Pressure
Contour 1

5.848e+001
4.568e+001

2.008e+001
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School of Engineering, Warwick University
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Zhaozhou Chen

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

Dr. Thong Dang,

Syracuse University LC Smith
College of Engineering and
Computer Science,
Mechanical and Aerospace
Engineering

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

Victor Nieto

Columbia University
GSAPP Department of
Real Estate Development
Sustainability Forum

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

Dr. Ez Khalifa
(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

John Santoro,
RA, Syracuse University
School of Architecture

P. Michael Pelken
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Vel OCl ty VeCtO rs Allocated flow resistance device (Vertical Axis Wind Turbine or similar): 0

O

C2=0.5 (Upper on)

O

C2=0.5 (Lower on) C2=0.5 (Both on)
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Streamlines by pressure

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

- 5.00e+01
418e+01
337e+01
255e+01

1.740+01 — . ==

9.252+00 -
1.102+00 =

7.058+00

-152e+01
-234e+01
-3.15e+
-397e+01
-4.78a+01
-5.60e+01
-841a+01
-7.23e+01
-8.04e+01
-886e+01

867e+M
-1.05e+02
-1.13e+02

C2=0 C2=0.5 (Upper on)

O

C2=0.5 (Lower on) C2=0.5 (Both on)
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Typical Plan
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Base condition - air distribution without flow resistance device

g

wind direction
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Manipulated flow - air distribution with flow resistance device

wind direction
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Manipulated flow — impact of controlled air flow on interior d

wind direction
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Facade reference: UPTOWN, Munich 2003; Ingenhoven, Overdiek
Architekten; Ingenieur Burggraf, Weichinger und Partner

P. Michael Pelken
02 Teaching + Research related to Practice(s) @ Studio+Consulting




CFD COMNTAM
Pressure distribution Contaminants and
ExXposure

|
r 1

Resistance .MF'TL.AB @

: Optimization and -
locaticn bttt openings

| ]
F

. . . Development strategies for interactive and hybrid HVAC control mechanisms
v
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R&D opportunities:

IAQ+ via enhanced natural ventilation
responsive single layered facades

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

Development strategies for interactive and hybrid HVAC control mechanisms

P. Michael Pelken
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P+ DEMONSTRATION BUILDING — COMPONENT TESTING

WUJIN, CHANGZHOU, CHINA
P+ DESIGN GROUP

Design Construction
‘Living Lab’ Adoptable for building and
Three programs for testing component optimisation

Building scope Development Team

600 m2 governmental project Completed November 2015 P+ Design Group
Institute of Architecture Design & Planning
Co. Ltd., Nanjing University
Wujin Green Building Industry Development
Zone

P. Michael Pelken
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WUJIN GREEN BUILDING EXPO — P+ DEMONSTRATION BUILDING

WUJIN, CHANGZHOU, CHINA
P+ DESIGN GROUP

GLOBAL NEW INVESTMENT IN RENEWABLE ENERGY . Ffd”k]ful'l School
BY REGION, 2014 ($BN) o U I‘H (.\\I|=| lorm .Ernt

Total
Brazil, 7.6
i 4 T =—Three star
Middle East & | projects

Africa, 12.6

Two star projects

1
AMER (excl. US & ‘,’A N . | One star projects

Brazil), 12.4 | _
2010 2011 2012 2013

ASOC
(excl. China &
India)
43.3

Source: Bloomberg New Energy Finance;
UNEP
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Vam
Y Js
[N 4
v
» Aliving lab - configuration changes
Industry collaboration
Academic research
Testing of range of standards

Component optimisation
Building performance monitoring

‘Q

HM

P. Michael Pelken
08 Teaching + Research related to Practice(s) @ Studio+Consulting



R

1A
iy [

P. Michael Pelken
0.3 Teaching + Research related to Practice(s) @ Studio+Consulting



1
A

LI NN

//,/ AN

::

/ %/2/// /,,,.

\ /

P. Michael Pelken

@ Studio+Consulting

03 Teaching + Research related to Practice(s)



Provide renewable energy and measure building performance

P. Michael Pelken
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healthway.com

Expo Park’s only weather station and used for regional climate monitoring
Measuring IEQ and energy consumption in relation to outdoor climate

03 Teaching + Research related to Practice(s)

gypsum collng
height TEC

acousdc batlles
height TBC

AET celing
height TEC ™|

acousic batfles
height TBC

Programmatic and environmental zoning
Opportunities for testing of different IEQ
standards and building systems

— residential standards
—— office environments
1 auditorium / exhibition / public space

P. Michael Pelken
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wind spoiler

low e-glazing

metal framing

black aluminium sheet

250 mm cavity

wall finish

opening to interior (air duct TBC)
brushed metal casing

opening to interior (air duct TBC)

Solar chimney perspective section through raw construction

Nampar Closed 7

Lampar Gioses —7

Heateq ai from —
solar chimnoy cavy
2w sl incoors

terpapann

mﬁnmnum

—
—
Fxtarior Gallary with
views to the exerior

™~
~

~ 1. mulons
2. gleing
4. powder coated metal casing
4. metal frarming
B, black pairted sluminium

B. brmudation
Solar chimney sxploded axonometric diagram 7. interior finish board

Winter Summer
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Interdisciplinary Graduate Level Research

-

Photovoitalcs. - Wicathar station

Ny Closad__ 2 I 2 7 A

’th—l[ 7 v v i Iy
IF 11 10 11 1

Lamper Giosed —

Hoated ai from —
solar chimnoy caviy
s e ncioors

" Fxlarior Gallary with
views to the exerior

P 0 gt Wi, s | . . oy ey

Winter
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SOLAR CHIMNEY MODEL VALIDATION & PERFORMANCE ENHANCEMENT Vi spc

Guoging He, Zhejiang University, guoqinghe@.zju.edu.cn

low e-glazing

metal framing
OBJECTIVE

Validation of a plume model and a CFD model for ik aakindr s st
predicting flow rates generated by a solar chimney
under the solar radiation.

Temparatura, 52
45.91116 250 mim canity
66670
La2225

b
CFD  Plume a7i7e

del .93333

- 39.68887
model  model  [] 2258907 waal finish
H 37.19996
B 35.95551
H 31.71108
fl 33.46659
B 32.22213

[Hiikidinaninahi)

HRA, Plume model
opening to interior (air duct TBC)

F"lﬁ ” R 7
B gwhi(Cri) *B &(18x) 2972292 brushed metal casing

b T
28.48876

o
27.24431 opening to interior (air duct TBC)
25.99985

M,
&

Mg M Biog B8 cienar 7 yR g erm 0
B R 7,.Cin

CFD model

2]

BTG Lﬂ;::;rlng - Solar chimney perspective section through raw construction
; e V

Choose a sunny and windless day; L

1. Measureflow rate in the solar chimney: ¥

Thermal anemometers; Tracer gas; Atmospheric pressure ; :

2. Measure temperature in and outside the chimney, ¥ o

temperature of the walls and the glass, T of inlet and outlet:

3.Measure of solar irradiation on the vertical surface, Qyy,, Glass optical

4. Measure of the wind velocity at the inlet and the outlet. properties, ™

5. Test of performance with variations: absorption

Change positions of the absorption plate or add extra plate,

absorption plate

PhD Level Research

Expected CFM by
heat gain, Plume
Wim2 model
5% | 220 18 | 196 375
50% 138 .18 123 334
25% 55 18 49 266

solar irradiation Tamb,

Percentile (vertical) oC
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IEA-EBC Annex 68

Indoor Air Quality Design and Control in Low Energy Residential Buildings

ABOUT ANNEX 68 ABOUT IEA-EBC EVENTS SUBTASKS CONTACT

—— e e i e

P+ demonstration building in Changzhou, China

P. Michael Pelken
0.3 Teaching + Research related to Practice(s) @ Studio+Consulting



GREEN WALL — AIR PURIFICATION SYSTEM (2 WEEK SEMINAR)

SYRACUSE UNIVERSITY
WITH LC SMITH COLLEGE OF ENGINEERING

Design
New green wall typology
Interdisciplinary systems design

Building scope Development
Based on the Wolverton System, a NASA Construction of Prototype
spinoff technology

03 Teaching + Research related to Practice(s)

Construction
Living system
Modular assembly

Team

P+ Studio

Prof. Dr. Jensen Zhang

Master’s level mechanical engineering
students

Undergraduate + graduate architecture
students

P. Michael Pelken
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—3 SYRACUSECOE

center of excellence

Room/HVAC
return air

K O C‘? g %
C? ot 006363 &5) fels) 88&800&88 8Q§ r_‘é:):L Water level

@ Activated carbon 9, Shale pebbles  {fff Microbes

S0P momme s por, C_jormal (0)=1 951 w3
© 33% mokure sewpoie, C_formal (0) =2.258 mgfar'
0) 0377 mgfar”

& 20 s setepore, C_formal (0) =377 w3
tracer gas, C_SF&40= 1,560 mgfr'3

Chamber € oncen tratian (pgi

% e (b Elagued ime (h)

“Pull-down” test result Running for 8 h per day

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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Green Wall Temperature Analysis
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Green Wall Temperature Analysis
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Air Flow Diagram
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P. Michael Pelken

Design Build Research — Botanical Air Purification Wall System @ sorconsung
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