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NZEB Challenges: Design & Operation

Challenges:      Managing System Interactions                 Robust Optimal Controls                 Modeling / Actual Performance Gaps
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* New Construction: 4-5X Reduction 
Retrofits: 30-60% Reduction

*Typical SOA Design "Typical' ZEB Design
Sealed Envelope Hybrid Ventilation
Passive Façade Active Façade / Double Skin
Low Mass High Mass
High Performance Glazing High Performance Glazing

Coupled Latent & Sensible Decoupled Latent & Sensible
VAV HVAC Radiant Heating & Cooling
Mixed DOA
Centralized VSD Fan Decentralized VSD Fans
No ERV ERV
No Desiccants Desiccants

No Daylighting Daylighting
Occupancy Sensors Occupancy Sensors

Te
ch

no
lo

gi
es

Façade

HVAC

Lighting

( ) GAINQTTUA
dt
dTC +−= ∞

0∞

Energy Cost Savings

Sensitivity Increasing



Ineffective Operational Mitigation
Control
Strategy
Causes
Loss of
Control

Problems Caused by interactions among
• Envelope & Windows
• Thermal Mass
• Airflow
• HVAC Controls
• Smoke Controls 

• 30% energy increase over benchmark
• Poor comfort (100F+ at top floors)

50-Story Hotel

Skylight

Airflow
Model

Thermodynamic
Model and Validation

Performance & Complexity Arise from 
Interactions 



Enabling Technologies

Challenges      Enabling Technologies

Managing System Interactions Object Oriented Encapsulated Modelin

Concurrent Design Process Platform Based Design

Robust Optimal Controls Model-Based Design

Model Validation Data Assimilation with Inverse

Maintaining Performance Diagnostics



Platform-Based Design
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// dT/dt computation

cap[1]*der(T[1]) = surInt.Q_flow + q_flow[1];

ASHRAE 140
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Opration Mode for Valve
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Operation Mode for Fan 

Switch signal

Variable speed Fan
Fan position

Fan selection

-C-
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Hydronic System Control

Wall

Envelope & Zones                             HVAC Controls HIL 
Verification

Object Oriented Modeling
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• Occupancy
• Usage
• Weather

Optimizer
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Power, Comfort, IAQ

Measurements

Peak Reduction

Pre-cooling

Pre-ventilating
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Robust, Optimization Based Controls

Optimizing Algorithms

Target

Robust Control Design & Implementation: Methods, Process, Tools
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Plant nonlinearity (dc-gain)
Nonlinear Compensation

Robustness
Analysis
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Quantify measurement 
effectiveness
Identify Modeling Gaps
Validate Models

Data Assimilation by Inverse 
Modeling

“We need to develop better benchmarking of buildings based on their actual energy use.”
- Kent W. Peterson, ASHRAE President, Presidential Address, 2007.

Certain Parameters

Forward Model

Schedules

Barriers
Common Data Formats
Immature Methodology
Software Tools

Uncertain Parameters

Disturbances

Controls

Performance 
Variables

Measured Variables

Residuals

Building

Inverse Model

Disturbance
Measurements

Heterogeneous Sensors

Calibration Virtual
Submetering

Modeling / Performance Gaps



Needs
System-Level FDD
Exploit Dynamics

Enablers
Dynamic Model Library
Remote Monitoring
Data Assimilation Methods & Tools
FDD Methods & Tools e.g. FACTS

Diagnostics

Operational faults waste ~20% energy
• HVAC – air distribution
• Operations and control

FDD Current State: 
Components & Subsystems
Steady-State
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Linear Design Process

344 kW

173 Tons

1,660 MBH

CHP equipment specification
344 kWe, 100% utilized
173 RT chiller, 35% utilized
1,700 MBH, 65% utilized

Savings ~ $200k/year

Peak/demand reduction

Revit: 3D CAD Model GBS: gbXML translation

Matlab: Post processing.eQuest: Energy modeling

EcoTECT: Lighting analysis

*.idfgbXML

*.inp

CHP Tool: Value Proposition

46 Total Possible Project Score 69
This Project Score 49
This Project Score Quilifies as LEED® 

11 Possible Points 14 7 13
 

x Prereq 1 Constrruction Activity Pollution Prevention x Prereq 1 

? Credit 1 1 ? Credit 1.1 1
? Credit 2 1 ? Credit 1.2 1
? Credit 3 1 ? Credit 1.3 1
1 Credit 4.1 1 1 Credit 2.1 1
1 Credit 4.2 1 1 Credit 2.2 1
1 Credit 4.3 1 1 Credit 3.1 1
1 Credit 4.4 1 ? Credit 3.2 1
1 Credit 5.1 1 1 Credit 4.1 1
1 Credit 5.2 1 1 Credit 4.2 1
1 Credit 6.1 1 1 Credit 5.1 1
1 Credit 6.2 1 1 Credit 5.2 1
1 Credit 7.1 1 ? Credit 6 1
1 Credit 7.2 1 x Credit 7 1
1 Credit 8 1

13 15
5 Possible Points 5

x Prereq 1 

1 Credit 1.1 1 x Prereq 2 

1 Credit 1.2 1 1 Credit 1 1
1 Credit 2 1 ? Credit 2 1
1 Credit 3.1 1 1 Credit 3.1 1
1 Credit 3.2 1 1 Credit 3.2 1

1 Credit 4.1 1
9 Possible Points 17 1 Credit 4.2 1

1 Credit 4.3 1
x Prereq 1 1 Credit 4.4 1
x Prereq 2 1 Credit 5 1
x Prereq 3 1 Credit 6.1 1
2 Credit 1.1 1 to 10 x Credit 6.2 1
2 Credit 1.2 1 1 Credit 7.1 1
2 Credit 1.3 1 1 Credit 7.2 1
? Credit 1.4 1 1 Credit 8.1 1
? Credit 1.5 1 1 Credit 8.2 1
? Credit 2.1 1
? Credit 2.2 1 4 Innovation & Design Process  Possible Points 5
x Credit 2.3 1
1 Credit 3 1 1 Credit 1.1 Innovation in Design: Specific Title 1
1 Credit 4 1 1 Credit 1.2 1
1 Credit 5 1 1 Credit 1.3 1
x Credit 6 1 Credit 1.4 1

1 Credit 2 1

Optimize Energy Performance, NC: 7=31.5%, 8=35%                                            
Optimize Energy Performance, NC: 9=38.5%, 10=42%                                          

Gold

Preliminary rating - example targets, 28 January 2007

Alternative Transportation, Parking Capacity and Carpooling

Storage & Collection of Recyclables
Site Selection
Development Density & Community Connectivity
Brownfield Redevelopment

Building Reuse, Maintain 75% of Existing walls, floors & roof

Certified  26 to 32 points     Silver  33 to 38 points     Gold  39 to 51 points     Platinum  52 or more points

Alternative Transportation, Bicycle Storage & Changing Rooms

Building Reuse, Maintain 95% of Existing walls, floors & roof
Building Reuse, Maintain 50% Non-structural elements

Material Reuse, Specify 10%

Sustainable Sites

Green Power

Enhanced Commissioning
Enhanced Refrigerant management

Landscape & Exterior Design to Reduce Heat Islands, Roof

Alternative Transportation, Public Transportation Access

Alternative Transportation, Alternative Fuel Vehicles

Measurement & Verification

Energy & Atmosphere

Materials & Resources             Possible Points

Construction Waste Management, Divert 50%
Construction Waste Management, Divert 75%
Material Reuse, Specify 5%

Indoor Environmental Quality   Possible Points

Construction IAQ Management Plan, During Construction

Construction IAQ Management Plan, Before Occupancy

Fundamental Commissioning of the Building Energy Systems

Water Efficiency

Low-Emitting Materials, Paints and coatings

Increased VentilationInnovative Wastewater Technologies
Water Use Reduction, 20% Reduction

Water Use Reduction, 30% Reduction

Innovation in Design: Specific Title
Innovation in Design: Specific Title

Fundamental Refrigerant Management
Optimize Energy Performance, NC: 1=10.5%, 2=14%                                            

Controllability of Systems, Lighting

Renewable Energy, 12.5%

Renewable Energy, 2.5%

Thermal Comfort, design
Thermal Comfort, verification
Daylight & Views, Daylight 75% of Spaces

Outdoor Air Delivery Monitoring

Minimum IAQ Performance
Environmental Tobacco Smoke (ETS) Control

Low-Emitting Materials, Adhesives & Sealants

Renewable Energy, 7.5%

Controllability of Systems, thermal comfort

Low-Emitting Materials, Carpet systems
Low-Emitting Materials, Composite Wood & Agrifiber products
Indoor Chemical & Pollutant Source ControlMinimum Energy Performance

Daylight & Views, Views for 90% of Spaces

Optimize Energy Performance, NC: 3=17.5%, 4=21%                                            
Optimize Energy Performance, NC: 5=24.5%, 6=28%                                            

Stormwater Management,  Quantity control
Stormwater Management, Quality control

Water Efficient Landscaping, Reduce by 50%

Water Efficient Landscaping, No Potable Use or No Irrigation

Light Pollution Reduction

Landscape & Exterior Design to Reduce Heat Islands, Non-Roof

Innovation in Design: Specific Title
LEED™ Accredited Professional

Reduced Site Disturbance, Protect or Restore Open Space

Rapidly Renewable Materials
Certified Wood

Recycled Content, 10% (post-consumer + 1/2 pre-consumer)
Recycled Content, 20% (post-consumer + 1/2 pre-consumer)

Regional Materials, 10% extracted, processed & Manufactured,  regionally
Regional Materials, 20% extracted, processed & Manufactured,  regionally

Reduced Site Disturbance, Maximize open space

LEED: Scoring

Schedules

Minimize Loads Equipment Sizing LEED Scoring Lifecycle Costing



Example: Oberlin College “ZEB”

Main Building Air Supply System

%1≈IIη
“All Electric Building” is second law inefficient.

Electric boiler feeds radiant system at 66°C, mixed with  49°C 
for radiant floor.

Improperly sized heat pumps caused comfort problems.

EB-2 sent heat to ground in early occupancy.  Now off.

In first 2 operating years, not less source energy use than 
comparable building type.

More recently, 3-17% more efficient than similar buildings.

Pump P1 runs continuously 
because no linked to control 
system.

Actual / predicted performance gaps
Ineffective use of models.
Inefficient Control Algorithms.

Performance Gaps

Design

Actual


