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Project Summary
 

Timeline:
 
Start date: February 1, 2013 

Planned end date: April 30, 2016
 
Key Milestones:
 
1.	 Create OpenStudio code to support enhanced 

daylighting analysis, improved airflow network 
analysis and fundamental IFC integration 
(Apr. 30, 2015) 

2.	 Improved lighting and IFC integration with 
OpenStudio (Apr. 30, 2016) 

Budget: 

Total DOE $ to date: $ 1.313 M 

Total future DOE $: $ 0.472 M 

Target Market/Audience: 

Building tool developers who support the profession 
by creating tools for design professionals with a 
specific focus on the analysis of energy retrofit and 
high performing building projects. 

Key Partners: 

CBEI - Penn State 

NREL 

LBNL 

TNO (The Netherlands) 

Project Goal: 

The goal is to enhance the functionality of 
OpenStudio to support retrofit projects, and 
enable project teams to easily integrate energy, 
daylight and airflow modeling into their design 
workflows. 
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DOE’S Energy Modeling Ecosystem: A BTO Priority
 

OpenStudio SDK is an open 

source platform that bridges 

the gap between capable but 

complex engines and the 

easy-to-use applications that 

drive energy savings. 

The Technology Performance 

Exchange (TPEx) and Building 

Component Library (BCL) 

provide the raw data that powers 

the ecosystem. 
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The Challenge
 

Problem Statement: 
Energy modeling is inconsistently applied in the retrofit of Small and Medium Size Commercial 
Buildings (SMSCB), in part because: 

1) it is difficult to develop high quality energy models, and 
2) it is time consuming to recreate model content due to poor interoperability with retrofit
   design tools. 

Target Market and Audience: 
Building tool developers and building design professionals who service the SMSCB market. 

Impact of Project: 
Through the enhancements to the OpenStudio SDK as well as Radiance, application developers 
and design professionals will be able to develop more accurate energy models with a significant 
time reduction in model development.  The improvements will encourage greater adoption of 
modeling in SMSCB projects, which will yield improved designs that consume less energy. In five 
years, our goal is to enable these enhancements to be leveraged on a daily basis by design teams 
through the functional enhancements embedded into software applications that they use. 
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Overall Project Approach
 

Approach: The project focuses on enhancing OpenStudio to enable the 
integration of airflow and daylighting analysis into energy models, along 
with improving interoperability between design applications and the 
OpenStudio platform. 

Key Issues: The project team is closely collaborating with the OpenStudio 
team at NREL, the Radiance team at LBNL, and the BIMserver team at 
TNO. 

Distinctive Characteristics: The team at Penn State is composed of 
specialists in lighting analysis, mechanical analysis, and information science 
and technology.  The team also works closely with building design 
professions in industry. 
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Our Approach
 

ENHANCE 

Daylighting Airflow Modeling Energy Model 

EnergyPlus 

INTEGRATE 

Design Tools OpenStudio 

Radiance
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   Integrating OpenStudio and Radiance
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New Radiance Control File for Daylight Modeling
 

Developed in collaboration with NREL for 

full-building Radiance daylight simulations
 

Physical Model Details 

» Space geometry and 
materials 

» Exterior Objects 

» Operable Shading Devices 

» Site Weather Data 

» Occupancy Data 

» Lighting Power 

Simulation Details 

» Radiance analysis settings 

» Lighting control 

» Shade control 

» Requested performance 
metrics 
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New Radiance Programs for Developers and End Users
 

Pre-simulation: Create analysis 
grids, test for leaks, and combine 
spaces into fully enclosed models. 

Simulation: Compute daylight illuminance 
at grid points and shade sensors, then 
combine data into final annual illuminance 
files based on shade settings. 

Analysis: Process annual space and 
full-building daylight metrics, shade 
and lighting schedules, and other 
design performance analyses. 
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Airflow Enhancements to OpenStudio
 

Developed objects in OpenStudio for 

airflow zones, paths, airflow elements, other 

essential elements, along with a 

translator object 

Developed proof-of-concept translator for 

AirflowNetwork (AFN) by leveraging 

CONTAM effort for E+ internal solver 

AFN 

Fully integrated AFN into OpenStudio by 

developing element objects and extending 

the translator object 
AFN 

Developed PAT-based scripts for Indoor Air 

Quality and ventilation measures 
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BIMserver: Enabling Interoperability with Design Tools
 

Design Tools BIMserver OpenStudio
 

IFC OSM 
Format Stream 
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IFC Import Function Supported Elements
 

Wall 

IfcWall OS: Surface 

Roof 

IfcRoof OS:Surface 

Door 

IfcDoor OS:SubSurface 

Ceiling 

IfcRoof OS:Surface 

Floor 

IfcSlab OS:Surface 

Window 

IfcWindow OS:SubSurface 
Space 
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Accomplishments and Deliverables
 

OpenStudio 

OpenStudio OpenStudio OpenStudio 
Radiance Integration Airflow Network Integration BIMserver Integration 

Open Source 
Code 

Radiance OSM Serializer 

For BIMserver Software 
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  Project Integration and Collaboration
 

Project Integration: 
- Hosting the International Radiance Workshop in Aug. 2015 at CBEI 
- Hosting webinar on Whole Building Daylight Simulation 

Collaborators: 
- Close collaboration with NREL and LBNL 

Communications: 
- ASCE Computing Conferences 
- Building Simulation Conference 
- IES Annual Conferences 
- Building Energy Information Summits 
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Impact
 

•	 Model development time significantly improved through IFC 
integration 

•	 Daylight integration into energy models improved through 
automated reference point selection, complex space modeling, and 
shading schedule generation 

•	 Airflow integration into energy models improved through 
automated schedule generation 

•	 Daylighting support for whole building daylight analysis, including 
the calculation of spatial daylight autonomy and annual sunlight 
exposure (LEED 4.0 daylight credit option) 

These improvements enable the development of more accurate 
energy simulations at earlier stages within a project. 
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Who will use this functionality?
 

•	 Application developers using OpenStudio and/or Radiance 

•	 Daylighting consultants 

•	 Lighting control and shading manufacturers 

•	 Whole building energy modelers 

•	 EDAPT-based utility incentive programs 

•	 Energy researchers at the national labs, private companies, and 
academia 
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Next Steps & Future Plans
 

Our focus for the next 12 months: 

•	 Modeling of physically based lighting layouts and systems including 
daylight integrated photocontrol to allow for the modeling of actual 
project lighting system data 

•	 Space-level lighting control system analysis and optimization to 
include studies of control zone layout and photosensor placement 

•	 Increase data interoperability with BIM applications with a focus on 
extending beyond the geometric information for energy modeling 
to enable more analyses related to lighting and energy 

•	 Webinars to support application developers and users 
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Project Budget
 

Project Budget: The project is funded through The Penn State Consortium for Building Energy 
Innovation. CBEI is a 5 year initiative.  The current budget period is Budget Period 4 (BP4) which is 
from May 1, 2014 to April 30, 2015.  BP5 is scheduled to start on May 1, 2015. 

Variances: None 

Cost to Date: Approximately 90% of the current BP4 funds have been expended. 

Additional Funding: Cost-share funds from the Consortium for Building Energy Innovation (CBEI). 

Budget History 

CBEI BP3 (past) 
2/1/2013 – 4/30/2014 

CBEI BP4 (current) 
5/1/2014 – 4/30/2015 

CBEI BP5 (planned) 
5/1/2015 – 4/30/2016 

DOE Cost-share DOE Cost-share DOE Cost-share 
$743,738 $182,020 $570,000 $116,244 $472,480 $159,202 

CBEI – Consortium for Building Energy Innovation (formerly EEB Hub) 

BP – Budget Period 
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Project Plan and Schedule
 

BP – Budget Period for Consortium for Building Energy Innovation (formerly EEB Hub) 
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