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STATE OF CALIFORNIA — NATURAL RESOURCES AGENCY EDMUND G. BROWN JR., Governor

CALIFORNIA ENERGY COMMISSION

1516 NINTH STREET
SACRAMENTO, CA 95814-5512
www.energy.ca.gov

The Energy Commission is currently soliciting ideas and stakeholder input for the 2018 — 2020
EPIC Triennial Investment Plan. For those that would like to submit an idea for consideration in
the 2018-2020 EPIC Triennial Plan, we ask that you complete the form below. Submittals are
due by 5:00 p.m. on February 10, 2017.

Part 1. Initiative Description and Purpose:
1. Please provide a brief description of the proposed initiative:

Uncertainty Analysis for Buildings

The proposed project will deliver an open source sensitivity and uncertainty analysis
framework for building energy models that can assess sensitivities with respect to design
parameters, such as insulation thickness, as well as uncertain processes, such as
weather. In addition, the framework will provide model calibration capability to improve
models by incorporating sensor and observation data into building energy models. The
framework will provide interfaces to common building simulation packages such as
Energy+. The framework will be built around the PSUADE library, developed at Lawrence
Livermore National Laboratory, which provides state-of-the-art methods for uncertainty
and sensitivity analysis, calibration and optimization.

2. What technical and/or market barriers would the proposed initiative help overcome? For scientific
analysis and tools, what knowledge gaps would the proposed initiative help fill?

Present building energy performance-modeling tools typically provide a single point
solution and do not account for variability in building implementation and environment.
This often leads to misleading prediction when certain designs perform well for a specific
set of parameters, but its performance degrades rapidly away from those parameter
values. Furthermore, present tools generally lack systematic methods for sensitivity
analysis and often provide incomplete information to stakeholders about where to focus
attention and resources. Systematic ability to incorporate field data and calibrate building
energy models is not available in modeling tools of today, resulting in lower-quality models
being used for control design and building operation. The proposed project seeks to
bridge these gaps by providing a framework that integrates simulation-based modeling,
rigorous statistical tools, and observation data.

LLNL-TR-723041 Prepared by LLNL under Contract DE-AC52-07NA27344.



Part 2. Benefits and Impacts
3. If this initiative is successful, either fully or partially, what would be the expected impact?
Who are the primary users and/or beneficiaries?

The proposed framework will help improve overall building energy efficiency by aiding
building design, commissioning and operation. In the design stage, sensitivity analysis will
help identify parameters critical for building energy performance and guide stakeholders
where to focus their attention and put key resources. This applies to both retrofit and new
building design. Uncertainty analysis will put error bars on the energy performance
predictions and enable stakeholders to assess typical variability in energy consumption
due to changes in weather or usage patterns. Proper uncertainty analysis will quantify
degree of confidence with which simulation result can be used to make design or
operating decisions. Statistical calibration will improve model prediction via matching
model behaviors with observation data, leading to more efficient solution and lower overall
cost.

4. Describe what quantitative or qualitative metrics or indicators would be used to evaluate
the impacts of the proposed initiative:

Quantitative metrics:

- Model prediction accuracy

- Reduction in discrepancy between projected and observed building energy consumption
after calibration

- Reduction in degradation of energy consumption during building life cycle

Qualitative indicators:
- Identification of processes and parameters that have largest impact on energy
performance of select benchmark buildings.

LLNL-TR-723041 Prepared by LLNL under Contract DE-AC52-07NA27344.



5. Please provide a list of peer-reviewed references that support the responses for questions 3
and 4. Proposed initiatives that include peer-reviewed references will be given stronger
consideration.

Pelee, Slaven, Sunil Ahuja, and Satish Narayanan. "Uncertainty quantification in energy
efficient building performance simulations." Proceedings of 2nd International High
Performance Buildings Conference. No. 3592. 2012.

Ahuja, Sunil, and Slaven Peles. "Building energy models: Quantifying uncertainties due to
stochastic processes." Decision and Control (CDC), 2013 IEEE 52nd Annual Conference
on IEEE, 2013.

Tong, Charles. "Problem Solving Environment for Uncertainty Analysis and Design
Exploration, Handbook of Uncertainty Quantification, editors: R. Ghanem, D. Higdon, and
H. Owhadi, doi:10.1007/978-3-319-11259-6\_53-1, 2016.

6. (For technologies only) What competitive advantages does the proposed technology
solution have over current benchmark technologies? If the technology is beyond the
prototype stage, what strategies do you suggest to bring to scale?

At present, building analysis tools allow for certain parametric studies with user-prescribed
parameter ranges. Uncertainty analysis enters these computations implicitly through
user's experience (i.e. intuition what parameter combinations may be of interest). There
are no reliable methods to analyze impact of uncertain processes such as weather,
occupancy patterns, etc.

The proposed framework will deliver systematic and comprehensive statistical analysis of
the design space, guided by user's experience. This will replace manual trial-and-error
approach in design space exploration and maximize impact of user's domain expertise.
Furthermore, the framework will provide tools for systematic study of the impact of
uncertain processes on building energy performance. Unlike with present tools,
stakeholers will be able to quantify impact of variations in weather, occupancy, plug load
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Part 3. Connection to Energy Commission’s EPIC Framework

Energy Commission staff have developed a draft strategic framework to guide the CEC's
planning and implementation of EPIC across triennial investment cycles. One of the objectives
of the draft strategic framework is to communicate a consistent set of priorities for organizing
current and future EPIC investments.

7. Please indicate which of the following strategic framework themes you feel the proposed
initiative best fits within:

Advance Technology Solutions for Deep Energy Savings in Building and Facilities
Accelerate Widespread Customer Adoption of Distributed Energy Resources
Increase System Flexibility from Low-Carbon Resources

Increase the Cost-Competiveness of Renewable Generation

Create a Statewide Ecosystem for Incubating New Energy Innovations
Maximize Synergies in the Water-Energy-Food Nexus

Develop Tools and Analysis to Inform Energy Policy and Planning Decisions
Catalyze Clean Energy Investments in California’s Underrepresented and
Disadvantaged Communities

If Other, Please Specify
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