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ARCHITECTURE

Looks to the past

Interpretation

Subjective

Unique

ENGINEERING

Predicts the future

Observation

Objective

Repeatable



ARCHITECTURE

Qualitative design drivers based 
on interpretation of clients 

needs.

Subjective feedback loop based 
on aesthetics and poetics.

Subject to codes but not 
evaluated by them.

ENGINEERING

Quantitative performance drivers 
based on prescribed design 
criteria.

Immediate feedback loop built 
into equations. 

Standard interpretation through 
codes.



ARCHITECTURE

I want it to look this way

ENGINEERING

Just add energy

TAUQ Δ∗∗=
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ENERGY

Improved thermal comfort

More energy 

Fossil fuels

Loss of local response

Loss of local knowledge

ENVIRONMENT

Local environment no 
longer able to support 
energy requirements of 
cities

Global Environment no 
longer able to support 
energy demands





Client

Architect

Structural MEP Contractor

Sustainability

Who is responsible for delivering sustainability ?
How is sustainability delivered?
How do we know when it has been achieved?



Client

Architect

Structural MEP Contractor

Sustainability

LEED = accountability

ASHRAE 90.1 = documentation
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Environmental
CO2 emissions

Thermal Comfort

Energy

Transportation

Human health

Productivity

etc

Cultural
Fashion

Standard of living

Aesthetics

Pride

etc

Economic 
Energy Costs

Capital Costs

Running costs

Taxes

Salary costs

etc



Buildings are Expensive

Especially curvy ones

Environmental

Cultural

Economic 
CO2 levels are rising, 

changing the climate = BAD

Curvy zoomy buildings 
are very in vogue these 

days

CAD/CAM 
surface tools  

Energy/Thermal 
Analysis Tools  



Economic sense to design 
environmentally sensitive  

buildings.  

CO2 levels NOT rising, 
Better quality of life

Carbon  neutral 
building are Cool

Design and 
analysis tools  

Environmental

Cultural

Economic 



A mindset shift



What is a system:
A system is a region of space 
containing a quantity of matter whose 
behavior is being investigated.  This 
quantity of matter is separated  from 
its surroundings by a boundary, which 
may be physical such as walls, or 
some imaginary surface enveloping a 
defined region.

Pressure

Volume

Temp.

Mass

Delta P

Delta V

Delta T

Delta M

System Boundaries

System State

Change in State



Nodal network is a collection of nodes that 
contain a defined set of equations that 
represent the physical phenomena that are 
being studied at a certain point in a system

Node
• Geometric Location
• Material properties
• Boundary conditions
• Links with other nodes
• Defined equation sets
• Defined moment in time



A node could represent a room, part of a room, 
an opening, a wall, a window, a crack in a 
window, a mechanical system, a fan, a duct, 
etc. 

Solve for
Conservation of mass
Conservation of momentum
Conservation of Energy
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Solve for
Conservation of mass
Conservation of momentum
Conservation of Energy



How do we Simulate Thermal Sim Light/Shade Sim Air Flow Sim

Site Planning

Envelope Design 

Component Selection

Systems Optimization

Costs and Payback

DESIGN SPACE
Each tool we have addresses different aspects of a 
design problem.  These tools range from Rules of 
Thumb, to Computational Fluid Dynamics.  No tool 
should be seen as the “Truth” because simulations are 
only representations of assumptions based on 
observations of previous events. 

The visual output of a computational simulation program 
can provide a way to focus a design team on a problem, 
explain the problem to them in a visual and intuitive way. 
Then we can engage the entire design team in problem 
solving design work shops with each member of the 
team operating within the same design space moving 
towards a collective and integrated solution.
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How do we Simulate Thermal Sim Light/Shade Sim Air Flow Sim

Site Planning

Envelope Design 

Component Selection

Systems Optimization
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The Confidence to BUILD
I n f o r m i n g  D e s i g n B u i l d i n g  i n  P e r f o r m a n c e



Economic sense to design 
environmentally sensitive  

buildings.  

CO2 levels NOT rising, 
Better quality of life

Carbon  neutral 
building are Cool

Design and 
analysis tools  

Environmental

Cultural

Economic 



USGBC “Guiding Principles”
• Triple Bottom Line: Sustainable development involves the simultaneous 

pursuit of economic prosperity, environmental quality and social equity.

•Establish Leadership: Champion societal models that achieve a more robust 
triple line.

•Endeavor to create and restore harmony between human activities & natural 
systems

•Be guided by the Precautionary Principle in utilizing technical & scientific 
data to protect, preserve & restore the health of the global environment, 
ecosystems & species

•Insure inclusive, interdisciplinary, democratic decision-making  with the 
objective of building understanding & shared commitments toward a 
greater common good

•Strive for honesty, openness & transparency



LEED gives building owners and operators the tools they need to 
have an immediate and measurable impact on their buildings’
performance.

LEED
Leadership In Energy & Environmental Design
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Passive –

Envelope, daylight, commissioning, 

Active –

System selection

Renewable

$ PV budget = 0.08%

$ current HVAC budget = 12%

$ current Cladding budget = 37%



XDaylighting
XSolar Shading
XIncreased Insulation
XGreen Roof

X
High Performance Glass

XReduced Glazing Area

Passive

XGroundsource Heat 
Pumps

XAdvanced BMS

XBuilding Commissioning

XOccupancy Sensors

XVariable Speed Pumps 
and Fans

XCHP system with 
Absorption Cooling

XHigh Efficiency 
Mechanical System

Active

XPhotovoltaic Façade 
System

XPhotovoltaic Roof
Renewable

tons CO2yrs$
CarbonPayback

Capital 
CostLEEDEnergy Conservation Measures
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Revit Model updates.  

Revit Model Zoning  
IES - Thermal Loads  

IES – Preliminary ECM  Costs
Carbon emissions

Envelope

Daylighting

Basic system selections

IES VE –ECMs decisions  
IES VE –Combined model  

Preliminary LEED model  
Envelope

Daylighting

defined system selections

defined system selections

Air distribution

efficiencies

Occupancy

Equipment

lighting

Cost and Carbon benefit

System synergies

EA c1

Revit Model Documentation 

Renewable systems design  

Final LEED model  Sizing

Output
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Natural Ventilation 
Typical Day



Natural Ventilation 
Typical Night



Climate Control 
Extreme Summer Day



Climate Control 
Extreme Winter Day



Climate Control 
Extreme Winter Night
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Redo Simulation Analysis – Peak Summer

T inlet - 90oF

T outlet 128oF

T inlet - 90oF

T outlet 101oF

S
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Utility Loop

power circuit

Solar collection

DHW monthly variation of energy consumption
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The schematic design shown 
here illustrates the intent of the 
environmental hub.  Any of a 
number of different types of 
systems can be added as a 
module to the environmental hub 
to maximize the efficiency of the 
system as whole.  Smaller 
modules can be added to the 
central plant to reduce peak load 
or reclaim waste heat to be 
stored and used later in the day.  
Future technologies can be 
integrated into the system as 
they come on line.

Absorption Chillers

Hot Water Load

Thermal Storage – Ice and heat

Utility Loop

Photovoltaics

Solar Thermal Collectors









LEED 2.2 Energy and Atmosphere Credit 1 and ASHRAE 90.1
EA Credit 1 – Optimize Energy Performance
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LEED 2.2 Energy and Atmosphere Credit 1 and ASHRAE 90.1
EA Credit 1 – Optimize Energy Performance

Performance Rating Method Compliance Report



LEED 2.2 Energy and Atmosphere Credit 1 and ASHRAE 90.1

Performance Rating Method Compliance Report

EA Credit 1 – Optimize Energy Performance
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Post occupancy



Market Process

Market Diagram

Owner

Designer

Code

Contractor

Manufacturer

Testing

Research

Safety
M a r k e t

M a r k e t



Market Process

Insertion Points

Education

CAD/BIM Software

POM and Commissioning

Research

Policy

M a r k e t
CAD Software developers

Education

Post occupancy 
monitoring

Commissioning
Research

Policy



Integrated Process


