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1.0 Overview of Process

This Manual explains the requirements for approval of Energy Simulated Calculation Tool (also referred to as compliance software programs) used to demonstrate compliance with the 2010 Florida Building Code, Energy Conservation “the Energy Code” for residential and nonresidential building designs. Energy Simulated Tool is defined as an approved software program or calculation-based methodology that projects the annual energy use of a building. The code requirement for residential compliance is specified in Section 405 and Normative Appendix B of the Energy Code.   The nonresidential code requirements are specified in Section 506 and Normative Appendix B of the Energy Code. Compliance software programs are used in the performance approach to demonstrate compliance with the Energy Code for buildings design. The Florida Building Commission “the Commission” develops and implements  the Energy Code.

The purpose of this Technical Assistance Manual is to outline the Florida Building Commission approval process for compliance software and to define the procedures, minimum requirement and assumptions against which compliance software should be evaluated. The performance compliance requirements and procedures apply to both residential and nonresidential buildings. The procedures and processes described in this manual are advisory in nature and an alternative compliance procedure to that described in this document is acceptable as long as such alternative is approved by the Commission and designed to preserve the integrity of the performance compliance process.
The reference procedures and method described in this manual establish the basis of comparison for all compliance software. The approval process as outlined in this manual ensures that a minimum level of energy conservation is achieved regardless of the compliance software used. This is accomplished by 
a) having candidate compliance software pass a series of industry standard tests,

b) identifying minimum input which may be used to generate the standard reference design,

c) defining standard reports output requirements, and

d) compliance software vendor-certification to the requirements in this manual and the Energy Code.

1.2
Special Terms and Definitions

There are a few special terms that are used in this Manual. The Commission approves the use of compliance software for compliance. Commission approval means that the Commission accepts the applicant's certification that compliance software meets the requirements of the Energy Code and this Manual. The proponent of candidate compliance software is referred to as a Vendor. In this manual the term "Energy Code" means the 2010 Florida Building Code, Energy Conservation. The term "compliance" means that a building design in an application for a building permit complies with the "Energy Code" and meets the requirements described for building designs Standards.

1.3
Vendor Certification Statement

The vendor shall follow the procedure described in this document to certify to the Commission that the compliance software meets the requirements of the Energy Code and the criteria in this document for:

· Accuracy and reliability when compared to the standard tests; and
· Ability to generate minimum code required standard reference design from user inputs; and 
· Suitability in terms of the accurate calculation of the correct energy budget, the printing of standardized forms, and 
· The documentation on how the program demonstrates compliance.

1.4
Approval Requirements

For the vendor, the process of receiving approval of compliance software includes preparing an application, working with the Commission staff to answer questions from either Commission staff or the public, and providing any necessary additional information regarding the application. The application includes the four basic elements outlined below. The Commission staff evaluates the compliance software based on the completeness of the application and its overall responsiveness to staff and public comment.

The basic requirements for approval include:

1) Minimum Capabilities:

Compliance software shall have all the required capabilities identified in the 2010 Florida Building Code, Energy Conservation, specifically criteria found in Normative Appendix B, Tables B-1.1.2 for Residential and B-2.2 for Commercial.
2) Accuracy of Simulation:

The compliance software shall demonstrate acceptable levels of accuracy by performing and passing the required certification tests discussed in Chapters 6 (residential) and 7 (commercial) as modified by the vendor to address Florida’s specific climate conditions. 
The compliance software vendor performs the certification tests in Chapters 6 and 7. The vendor conducts the specified tests, evaluates the results and certifies in writing that the compliance software passes the tests. The Commission may perform spot checks and may require additional tests to verify that the proposed compliance software is appropriate for compliance purposes.

When energy analysis techniques are compared, two potential sources of discrepancies are the differences in user interpretation when entering the building specifications, and the differences in the compliance software's algorithms (mathematical models) for estimating energy use. 
The approval tests minimize differences in interpretation by providing explicit detailed descriptions of the test buildings that must be analyzed. For differences in the compliance software's algorithms, the Commission allows algorithms that yield results similar to those of the reference programs that are identified for each designated test suite. [JN comment: or language something like that. Recall you have referenced acceptance ranges of Florida-HERS BESTEST and COMNET – this isn’t California Title 24 ACM approach.]
3) User’s Manual or Help System:

The vendor shall develop a user’s manual and/or help system that meets the specifications in Chapter 4.
4) Program support and Reporting Forms:

The vendor shall provide ongoing user and enforcement agency support as described in Chapter 3.1.3.
The Commission may hold one or more workshops with public review and vendor participation to allow for public review of the vendor's application. Such workshops may identify problems or discrepancies that may necessitate revisions to the application.

Commission approval of compliance software programs is intended to provide flexibility in complying with the Energy Code. However, in achieving this flexibility, the compliance software shall not degrade the Codes or evade the intent of the Energy Code to achieve a particular level of energy conservation. The vendor has the burden of proof to demonstrate the accuracy and reliability of the compliance software relative to the test methods and to demonstrate the conformance of the compliance software to the requirements of this manual and the Energy Code.

In addition to explicit and technical criteria, Commission approval may also depend upon the Commission's evaluation of:

· Enforceability in terms of reasonably simple, reliable, and rapid methods of verifying compliance and,

· application of energy conservation features modeled by the compliance software and,

· the inputs used to characterize those features by the compliance software users and,

· dependability of the installation and energy savings of features modeled by the compliance software. 

1.5
Optional capabilities

Optional capabilities are a special class of capabilities and user inputs that are not required of all compliance software but may be included at the option of the vendor. Additional optional capabilities may be proposed by vendors. For both cases, the Commission reserves the right to disapprove the certification application for a specific optional capability if there is not compelling evidence presented in the public process showing that the optional capability is sufficiently accurate and suitable to be used for compliance with the Energy Code. In addition, energy conservation measures modeled by optional capabilities shall be capable of being verified by local enforcement agencies.

The Commission's purpose in approving additional optional capabilities is to accommodate new technologies which have only begun to penetrate the market and new modeling algorithms. Optional capabilities which evaluate measures already in relatively common use shall have their standard design for the measure based on the common construction practice for that measure since common practice is the inherent basis of the Energy Code for all measures not explicitly regulated. For example, the Commission has no interest in an optional capability that evaluates the energy impacts of dirt on windows unless a new technology produces substantial changes in this aspect of a building relative to buildings without this technology. The burden of proof that an optional capability should be approved lies with the vendor.

1.5
Application Checklist
The following items shall be included in an application package submitted to the Commission for compliance software approval:

Compliance Software Vendor Certification Letter 
The Vendor shall submit a signed compliance software letter, certifying that the compliance software meets the Energy Code requirements, including accuracy and reliability when used to demonstrate compliance with the Energy Codes. 
Computer Runs

Copies of the computer runs specified on machine readable form as specified in Chapters 6 and 7 to enable verification of the runs.

Compliance Supplement and User's Manual 
The vendor shall submit a complete copy of their compliance software user's manual, including material on the use of the compliance software for compliance purposes.

Copy of the Compliance Software and Weather Data. A machine readable copy of the compliance software for random verification of compliance analyses. The vendor shall  provide weather data for all climate zones.

Two copies of the full application package should be sent to:

Florida Building Commission 

Building Code and Standards Office

2555 Shumard Oak Blvd.
Tallahassee, Florida 32399-2100

Following submittal of the application package, the Commission may request additional information. This additional information is often necessary due to complexity of compliance software. Failure to provide such information in a timely manner may be considered cause for rejection or disapproval of the application. A resubmittal of a rejected or disapproved application will be considered a new application.
1.6
Types of Approval

This Manual addresses two types of compliance software approval: full program approval (including amendments to programs that require approval), and approval of new program features and updates.

If compliance software vendors make a change to their programs as described below, the Commission shall again approve the program. Additionally, any compliance software program change that affects the energy use calculations for compliance, the modeling capabilities for compliance, the format and/or content of compliance forms, or any other change which would affect a building's compliance with the Energy Conservation Codes requires another approval.

Changes that do not affect compliance with the Codes such as program changes to the user interface may follow a simplified or streamlined procedure for approval of the changes. To comply with this simpler process, the compliance software vendor shall certify to the Commission that the new program features do not affect the results of any calculations performed by the program, shall notify the Commission of all changes and shall provide the Commission with one updated copy of the program and User's Manual. Examples of such changes include fixing logical errors in computer program code that do not affect the numerical results (bug fixes) and new interfaces.

Full Approval & Re-Approval of Compliance Software

The Commission requires program approval when a candidate compliance software has never been previously approved by the Commission, when the compliance software vendor makes changes to the program algorithms, or when any other change occurs that in any way affects the compliance results. The Commission may also require that all currently approved compliance software be approved again whenever substantial revisions are made to the Codes or to the Commission's approval process.

The Commission may change the approval process and require that all compliance software be approved again for several reasons including:

a)
If the Energy Code undergo a major revision that alters the basic compliance process, then compliance software would have to be updated and re-approved for the new process.

b)
If new analytic capabilities come into widespread use, then the Commission may declare them to be required compliance software capabilities, and may require all compliance software vendors to update their programs and submit them for re-approval.

When re-approval is necessary, the Commission will notify all compliance software vendors of the timetable for renewal. 
A compliance software program must be re-approved for new optional modeling capabilities when the vendor adds those optional capabilities. The vendor shall provide a list of the new optional capabilities and demonstrate that those capabilities are documented in revised user documentation. This may not include computer runs previously submitted.

Re-approval shall be accompanied by a cover letter explaining the type of amendment(s) requested and copies of other documents as necessary. The timetable for re-approval of amendments is the same as for full program approval.

Approval of New Features & Updates

Certain types of changes may be made to previously approved compliance software through a streamlined procedure, including implementing a computer program on a new machine and changing executable program code that does not affect the results.

Modifications to previously approved compliance software including new features and program updates are subject to the following procedure:

•
The compliance software vendor shall prepare an addendum to the Compliance Supplement or compliance software user's manual, when new features or updates affect the outcome or energy conservation measure choices, describing the change to the compliance software. If the change is a new modeling capability, the addendum shall include instructions for using the new modeling capability for compliance.

•
The compliance software vendor shall notify the Commission by letter of the change that has been made to the compliance software. The letter shall describe in detail the nature of the change and why it is being made. The notification letter shall be included in the revised Compliance Supplement or compliance software user's manual.

•
The compliance software vendor shall provide the Commission with an updated copy of the compliance software and include any new forms created by the compliance software (or modifications in the Code reports).

•
The Commission may approve the change, request additional information, refuse to approve the change or require that the compliance software vendor make specific changes to either the Compliance Supplement addendum or the compliance software program itself.

With Commission approval, the vendor may issue new copies of the compliance software with the Compliance Supplement addendum and notify compliance software users and building officials.

2.1
Alternative Compliance Software Program Tests

Chapters 6 and 7 of this Manual identify a series of tests to verify that compliance software accurately demonstrate compliance. A compliance software vendor may propose alternate tests when the vendor believes that one or more of the standard tests are not appropriate for the compliance software. The Commission will evaluate the alternate tests and will accept them if they are found to reflect acceptable engineering techniques.

If alternate tests are accepted by the Commission, the tests will be available for use by all compliance software programs. An alternate test will coexist with the standard test presented in this Manual until the Manual is revised. When a new version of this Manual is produced, the alternative test may be substituted for the current test or may continue to coexist with the original test.

2.2
Challenging Compliance Software
Any challenge to software approval by the Florida Building Commission shall be in accordance with Chapter 120, Florida Statutes.

3.1
Vendor Requirements

Each compliance software vendor shall meet all of the following requirements as part of the compliance software approval process and as part of an ongoing commitment to users of their particular program.
3.1.1
Availability to Commission
All compliance software vendors are required to submit at least one fully working program version of the compliance software to the Commission’s staff, and shall provide the Commission’s Technical Advisory Committee and interest groups access to the software for review during the approval process.
3.1.2
User Support

Compliance software vendors shall offer support to their users with regard to the use of the compliance software for compliance purposes. 
3.1.3 Compliance Software Vendor Demonstration

The Commission may request compliance software vendors to physically demonstrate their program's capabilities. One or more demonstrations may be requested before approval is granted.

4.1
User’s Manual and Help System Requirements

The Compliance Software User’s Manual and Help System shall be written in a clear and concise manner.

Each compliance software vendor is required to publish a compliance supplement or an independent user's manual which explains how to use the compliance software for compliance with the Energy Code. The manual may also exist in electronic form, either on the user’s workstation or web enabled. The document shall deal with compliance procedures and user inputs to the compliance software. Both the Compliance Software and the User’s Manual and Help System shall positively contribute to the user's ability and desire to comply with the Energy Code and to the enforcement agency's ease of verifying compliance. The Compliance Software User’s Manual and Help System should minimize or reduce confusion and clarify compliance applications. The Commission may reject a compliance software certification submittal whose Compliance Software User’s Manual and Help System does not serve or meet these objectives. 
The suggested format is:
Overview

The Compliance Software User’s Manual and Help System shall:

•
Describe the specific procedures for using the compliance software for compliance with the Energy Code.

•
Provide instructions for preparing the building input, using the correct inputs, and using each of the approved optional capabilities (or exceptional methods) for which the compliance software is approved.

•
Explain how to generate the Code compliance reports and related compliance documentation. A sample of properly prepared compliance documentation shall be included as part of the manual or help system.

The Compliance Software User’s Manual and Help System serve two major purposes:

•
It helps building permit applicants and others use the compliance software correctly, and guide them in preparing complete compliance documentation to accompany building permit applications.

•
It helps enforcement agency staff plan check permit applications for compliance with the Energy Code.

The Compliance Software User’s Manual and Help System serves as a crucial performance method reference in resolving questions concerning specific compliance software program attributes, approved modeling capabilities and procedures in the context of both compliance and enforcement.

The Compliance Software User’s Manual and Help System shall contain a chapter or section on how to model buildings for compliance and how to prepare a building input file for a compliance run. The following are examples of topics to include:

•
What surfaces to model (exterior, interior floors, etc.);

•
How to enter data about these surfaces;

•
How to model exterior shading (fins, overhangs, etc.);

•
Appropriate zoning for compliance modeling;

•
Selection of correct occupancy types;

•
How to model similar systems;

•
How to model buildings or portions of a building with no heating or cooling;

•
Requirements for written justification and additional documentation on the plans and in the specifications for exceptional items;

•
Program modeling limitations; and

•
This Manual as required reading.

All program capabilities should be described in sufficient detail to eliminate possible confusion as to their appropriate use. While references to the compliance software's regular users manual are acceptable, a complete listing of all inputs and/or commands necessary for compliance should be included in the Compliance Software User’s Manual and Help System.

The Compliance Software User’s Manual and Help System shall contain clear and detailed information on how to use the compliance software to model buildings for compliance with the Codes. 
Include the following:

1. Description of the value or values associated with each of input.
2. Restrictions on each variable.
3. Listing of the range beyond which inputs are unreasonable for any variable.
4. Description of options for any user-defined variable. 

5. A chapter or section which covers each Code output report.
Appendices, as needed, to provide any additional background information that is not crucial in explaining the basic functioning of the program for compliance. For example:

· An appendix may contain variations of compliance forms as described above.

· An appendix may include a series of construction assembly forms to aid the compliance software user.

· An appendix may reprint important sections of the manual that are crucial to modeling buildings correctly for compliance with the compliance software.

· Although the organizational format is not fixed, all information contained in the Compliance Software User’s Manual and Help System shall be easy to find through use of a table of contents, an Index, or through a context sensitive help system.

4.2
Statement

The following statement shall appear, in a box, within the first several pages of the Compliance Software User’s Manual and Help System:

[Insert Name of Calculation Method] may be used to show compliance with 2010 Florida Building Code, Energy Conservation only when the following reference documents are readily available to the program user:

1.
2010 Florida Building Code, Energy Conservation Codes

2.
This Manual (JM-2010-1.0)

5.0
Required Compliance Software Capabilities

5.1
Residential Energy Conservation
General Requirements

Compliance based on simulated energy performance requires that a proposed residence (proposed design) be shown to have an annual normalized, modified energy load that is less than or equal to 80% of the annual energy load of the Standard Reference as specified in Normative Appendix B, Section B-1.1.1 to make the code 20 percent more stringent than the “2007” (Effective October 31, 2007) Florida energy code’s Standard Reference Design (Standard Reference Design) features.     

Compliance software shall automatically perform a variety of functions including those described in Sections 401, 402.4, 402.5, and 403.1, 403.2.2, 403.2.3, and 403.3 through 403.9 (referred to as the mandatory provisions) and Section 405 (performance).
Compliance with this section requires that the mandatory provisions identified in Section 401.2 be met.

•
The compliance software shall accept a specified range of inputs for the proposed design, and then use these inputs to describe the proposed building on the required output forms. The proposed building inputs are also used to create a standard reference design building based on the proposed building and the energy budget generation rules used to incorporate the prescriptive requirements into the proposed design.

Certain building descriptors remain the same for both the proposed and standard design but others will change in ways that depend upon the design characteristics, the climate zone, and the prescriptive and mandatory requirements of the Energy Code.

•
The compliance software shall automatically define the standard reference design; determine the proper capacity of the HVAC equipment for the proposed design; adjust the HVAC capacity of the proposed design in accordance with the reference method; and automatically run the standard reference design to establish the energy budget.

•
The compliance software shall perform the energy budget run in sequence with the compliance run with no user intervention or input beyond that of the proposed design. The results are reported in the Performance Certificate of Compliance Form when the proposed building design complies.

The applicant shall perform the tests identified in this Manual to assure that the compliance software produces results in general agreement with the expected results. These tests verify the implementation of the custom budget procedure, program accuracy and performance relative to the test cases, and acceptable use of calculation inputs.

For tests that DO NOT COMPLY, the vendor shall supply diagnostic output that indicates noncompliance and gives the TDV [define TDV] energy information needed to evaluate the test criteria, including the lighting and receptacle portions of the energy budgets for both proposed and standard design.
5.1.2
Compliance Report  
Documentation verifying the methods and accuracy of the compliance software tools shall conform to the provisions of this section and be provided to the code official. Compliance software provisions and overall stringency shall be as described in Normative Appendix B.

Section 405.4.2 Compliance Report 
The compliance software tools shall generate a Form 405 report that documents that the proposed design complies with Section 405.3. The compliance documentation shall be submitted to the building official before a building permit is issued and shall include the following information:

1. Address or other identification of the residence;

2. An inspection checklist documenting the building component characteristics of the proposed design as listed in Appendix B, Table B-1.1.2(1). The inspection checklist shall show results for both the standard reference design and the proposed design, and shall document all inputs entered by the user necessary to reproduce the results;

3. Name of individual completing the compliance report; and

4. Name and version of the compliance software tool.

5. Exception: Multiple orientations. When an otherwise identical building model is offered in multiple orientations compliance for any orientation shall be permitted by documenting that the building meets the performance requirements in each of the four cardinal (north, east, south and west) orientations.

The code official shall require the following documents:
1. An EPL Display Card signed by the builder providing the building component characteristics of the proposed design shall be provided to the purchaser of the home at time of title transfer.

2. Documentation of the component efficiencies used in the software calculations for the proposed design.
The building official shall require that an energy performance level (EPL) display card be completed and certified by the builder to be accurate and correct before final approval of the building for occupancy. Florida law (Section 553.9085, Florida Statutes) requires the EPL display card to be included as an addendum to each sales contract for both presold and nonpresold residential buildings. The EPL display card contains information indicating the energy performance level and efficiencies of components installed in a dwelling unit. The building official shall verify that the EPL display card completed and signed by the builder accurately reflects the plans and specifications submitted to demonstrate code compliance for the building.
6.0
Residential Energy Performance Testing

This Chapter specifies required capabilities that compliance software will be tested for. All of the required capabilities are described in terms of the capabilities and algorithms of the 2010 Florida Building Code, Energy Conservation. 

Compliance software shall account for the energy performance effects of all of the features described in the Energy Code.

The modeling procedures and assumptions described in this chapter apply to both the standard design and proposed design. The requirements for the standard design include those that compliance software shall apply to new features, altered existing features, unchanged existing features or all of the above. In order for compliance software to become approved, it shall, at a minimum, accept all of the required inputs.

6.1
Residential Accuracy Test cases
A specific version of HERS BESTEST for Florida was developed in request to DOE by the Florida Solar Energy Center (FSEC).  In its request, FSEC noted that the Florida Building Energy –Efficiency Ratings Act of 1993 requires that Florida’s rating system “be compatible with standard federal rating systems...where applicable....”  The relevant proposed federal guidelines (DOE 10 CFR Part 437) will require that energy analysis tools used for energy ratings are tested according to the HERS BESTEST procedure.  In addition, Florida energy analysis software is used for both code compliance and energy ratings.  
The type of software testing is based on inter-model comparisons and is one portion of an overall validation methodology that was first developed by NREL in 1983 (Judkoff et al 1983). The method has been further refined since then by NREL and number of European researchers (Bloomfield, Bowman and Lomas, Irving, Judkoff, Judkoff and Neymark 1995a, 2006; Judkoff et al, Lomas). [Give the years in the citations here, and delete the “pasted” refs listed later on that are not cited] The overall validation methodology consists of three parts: [JN comment: the bulletized material is updated in Annex B23 of 140-2007 Addendum C or 140-2011 will have same – ASHRAE should publish these later this month, but we can figure out a way to get you internal version if you need them sooner. – or otherwise use the updated bullets from Judkoff and Neymark 2006]
· Analytical Verification – in which the output from a program, subroutine, or algorithm is compared to the results from a known analytical solution for isolated heat transfer mechanism under simple boundary conditions

· Empirical Validation – in which calculation results from a program, subroutine, or algorithm, is compared to monitored data from a real structure, test cell, or laboratory experiment

· Comparative testing – in which a program is compared to itself or to other programs.  The comparative approach included “sensitivity testing” and “intermodal comparisons.”

Comparative testing as applied in the HERS Building Energy Simulation Test (HERS BESTEST) (Judkoff and Neymark 1995b) method includes a set of public domain reference programs that have already been subjected to extensive analytical , empirical, and inter-model testing. 

The reference test cases are found in the “Home Energy Rating System Building Energy Simulation Test for Florida (Florida-HERS BESTEST),” version August 1997 _ NREL/TP-550-23124a.  The volumes of interest are as follows:
Volume 1 Tier 1 and Tier 2 Tests User’s Manual

Volume 2 Tier 1 and Tier 2 Tests Reference Results

The authors are Ron Judkoff and Joel Neymark
A copy of the reference test procedures and sample results may be located from:
National Renewable Energy Laboratory

1617 Cole Boulevard

Golden, Colorado 80401-3393

A national laboratory of the U.S. Department of Energy

Managed by Midwest Research Institute for the U.S. Department of Energy under contract No. DE-AC36-83CH10093

Prepared under Task No. 0796.5503

http://www.nrel.gov/docs/legosti/fy97/23124a.pdf
The following test procedure is used to evaluate and calibrate the proposed compliance software tool.

1) Using the test cases identified in the reference document above, simulate the cases as outlined in the document (Orlando, FL TMY)
2) Record the results using the tables identified in the Test documents
3) Use the method identified in Appendix A, and calculate the acceptance ranges
4) Determine if your compliance software pass or fail the tests using the method described in Appendix A
[JN comment: edits per Barnaby, Fairey, Judkoff, Neymark emails of 10/4 and 10/5. Anything other than running Florida HERS BESTEST for only the Orlando climate is not workable, unless the Florida Commission wants to fund a research project to generate new reference results for other climates],

5) 

6) 
7) 
a. 
b. 
c. 
8) 
9) 
A program may be considered as having passed successfully through the test when its results compare favorably with the reference program outputs.

7.0
COMMERCIAL ENERGY CONSERVATION

Commercial suites of test include two types of verification.  First is that the compliance software is capable of automatically generating the standard reference design from user inputs.  The standard reference design generated at a minimum, satisfy the requirements of Section 506 and Table 2.2 of the Normative Appendix B of the Codes.  The second suite of tests involves the calculation of the Total Building Performance of a Proposed Design.
TOTAL BUILDING PERFORMANCE

Performance-based compliance

 Compliance based on total building performance requires that a proposed building (proposed design) be shown to have an annual energy cost that is less than or equal to the annual energy cost of the standard reference design. Energy prices shall be taken from a source approved by the Florida Building Commission. Nondepletable energy collected off site shall be treated and priced the same as purchased energy.  Energy from nondepletable energy sources collected on site shall be omitted from the annual energy cost of the proposed design.  Refer to Section 506 of the Codes.   Normative Appendix B section B-2.1 states that the Standard Reference Design totals shall be adjusted by a factor of 0.8. 
This section establishes criteria for compliance using total building performance. It may be employed for evaluating the compliance of all proposed designs, except designs with no mechanical system.  The following systems and loads shall be included in determining the total building performance:  heating systems, cooling systems, service water heating, fan systems, lighting power, receptacle loads and process loads. 

Mandatory requirements 
Compliance with this section requires that the mandatory and applicable prescriptive criteria of Sections 502, 503, 504 and 505 be met.

Trade-Offs Limited to Building Permit

 When the building permit being sought applies to less than the whole building, only the calculation parameters for that part of the building related to the systems to which the permit applies shall be allowed to vary.  Where an existing building and addition are calculated to determine compliance in accordance with Section 101.4.3 and one or more existing components are unable to meet current prescriptive code minimum requirements, said component(s) need not meet code if the entire building is brought into compliance with the code. Future building components shall meet the prescriptive requirements of 502, 503, 504 or 505, as applicable.

Requirements specific to credit options

Compliance calculation for technologies that meet the criteria for various options specified in section 506.3 of the Codes.
Documentation 

Compliance software tools shall be utilized to conform to the provisions of this section.  Compliance software provisions and overall stringency shall be as described in Normative Appendix B [of what?].  

Compliance Report

 The compliance software tools shall generate a Form 506 report that documents that the proposed design has annual energy costs less than or equal to the annual energy costs of the standard reference design. The compliance documentation shall be submitted to the code official before a building permit is issued and shall include the following information:

1. Address of the building (Section 506.4.1);

2. An inspection checklist documenting the building component characteristics of the proposed design as listed in Table B-2.2 of Appendix B. The inspection checklist shall show the estimated annual energy cost for both the standard reference design and the proposed design;

3. Name of individual completing the compliance report; and

4. Name and version of the compliance software tool.

Additional documentation (Section 506.4.2).
 The code official shall require the following documents:

1. Thermal zoning diagrams consisting of floor plans showing the thermal zoning scheme for the proposed design.

2. Input and output report(s) from the energy analysis simulation program containing the complete input and output files, as applicable. The output file shall include energy use totals and energy use by energy source and end-use served, total hours that space conditioning loads are not met and any errors or warning messages generated by the simulation tool as applicable;

3. An explanation of any error or warning messages appearing in the simulation tool output; and

4. A certification signed by the design professionals responsible under Florida law for the design of lighting, electrical, mechanical, and plumbing systems and the building shell providing the building component characteristics of the proposed design as given in Table B-2.2 of Appendix B.  See Section 103.1 of the code.

7.1
Commercial Test Cases
Standard Reference Design Standards

The test procedures used in this approval manual are based on comparing the performance of the proposed design against a code-minimum Standard Reference Design building as described in Section 506 and Normative Appendix B, Table 2.2, of the Florida Building Code, Energy Conservation, which is based on Chapter 11 of ASHRAE 90.1-2004. 

This manual is consistent with ASHRAE Standard 90.1-2007, but does not include addenda, approved or otherwise. ASHRAE Standard 90.1 is under continuous maintenance. This means that the committee regularly develops, approves and publishes addenda to the standard. At the time of this writing, a number of addenda to Standard 90.1 have been approved and an even greater number is pending. ASHRAE intends to gather these addenda and include them in the 2010 publication of the standard. The COMNET manual will be updated when the 2010 publication of Standard 90.1 is released.

The modeling rules and procedures in this manual are consistent with the Performance Rating Method (PRM) in Appendix G of ASHRAE Standard 90.1-2007. However, it is not the intent of this manual to change the Standard Reference Design building defined by the Florida Building Codes, Energy Conservation. The manual is intended to work in series with, not in parallel with the PRM.

This method of testing is provided for analyzing and diagnosing building energy simulation software using software-to-software and software-to-quasi-analytical-solution comparisons. The methodology allows different building energy simulation programs, representing different degrees of modeling complexity, to be tested by comparing the predictions from other building energy programs to the simulation results provided by the Rating Software in question.

The tests in this manual are intended to be used for buildings that are in the planning, design or construction phases. It is also intended to apply to buildings that are within the scope of ASHRAE Standard 90.1-2004. The long-term goal of this manual is to define modeling rules and procedures for all conceivable design features that may be incorporated in buildings. However, this goal cannot be fully achieved due to limitations in the development of energy simulation algorithms, and due to the natural lag time between the introduction of an advanced energy efficiency measure or device and the development of algorithms to simulate its performance.

The goal of the manual is to provide methods that are as flexible and accurate as possible. This goal can best be achieved if the manual is a ‘living document,’ changing and growing as increasing amounts of information and better modeling methods become available.

A compliance software vendor may propose alternate tests when the vendor believes that one or more of the standard tests are not appropriate for the compliance software. The Commission will evaluate the alternate tests and will accept them if they are found to reflect acceptable engineering techniques.

If alternate tests are accepted by the Commission, the tests will be available for use by all compliance software programs. An alternate test will coexist with the standard test presented in this Manual until the Manual is revised. When a new version of this Manual is produced, the alternative test may be substituted for the current test or may continue to coexist with the original test.

Software Requirements
This chapter contains the software requirements that must be implemented by approved compliance software. The tests fall into the following categories:

· Tests to verify that the software is evaluating thermal loads and the response of the HVAC systems to these loads in a manner that is acceptable. These tests reference ASHRAE Standard 140-2007, Standard Method of Test for Evaluation of Building Energy Analysis Computer Programs.

· Tests to verify that the candidate building or the proposed design is modeled with the correct fixed and restricted inputs, including schedules of operation, receptacle loads, process loads and other components.

· Tests to verify that the Standard Reference Design building is created correctly, e.g. that the Standard Reference Design HVAC system is properly specified and that other components of the Standard Reference Design are correctly defined.

· Reference building auto-generation test – use test cases specific to Florida necessary to verify that the software automatically generate accurate standard reference design given only the building information from the proposed design.

General Requirements

[should there be text here?]
Scope

[should there be text here?
Calculation procedure

Except as specified by this section, the standard reference design and proposed design shall be configured and analyzed using identical methods and techniques. The Standard Reference Design totals for the Total Building Performance compliance method shall be adjusted by a factor of 0.80 to make the code 20 percent more stringent than the “2007” Florida energy code’s Standard Reference Design features.  

Building specifications
The standard reference design and proposed design shall be configured and analyzed as specified by Table B-2.2.

Calculation software tools

Calculation procedures used to comply with this section shall be only compliance software tools approved by the Florida Building Commission to be capable of calculating the annual energy consumption of all building elements that differ between the standard reference design and the proposed design and shall include the following capabilities. 
1. Computer generation of the standard reference design using only the input for the proposed design. The calculation procedure shall not allow the user to directly modify the building component characteristics of the standard reference design.

2. Building operation for a full calendar year (8760 hours).

3. Climate data for a full calendar year (8760 hours) and shall reflect approved coincident hourly data for temperature, solar radiation, humidity and wind speed for the building location.

4. Ten or more thermal zones.

5. Thermal mass effects.

6. Hourly variations in occupancy, illumination, receptacle loads, thermostat settings, mechanical ventilation, HVAC equipment availability, service hot water usage and any process loads.

7. Part-load performance curves for mechanical equipment.

8. Capacity and efficiency correction curves for mechanical heating and cooling equipment.

9. Printed code official inspection checklist listing each of the proposed design component characteristics from Table 506.5.1(1) determined by the analysis to provide compliance, along with their respective performance ratings (e.g., R-value, U-factor, SHGC, HSPF, AFUE, SEER, EF, etc.).

Calculation Methods

The Compliance Software shall calculate the annual consumption of all end uses in buildings, including fuel and electricity for:

· HVAC (heating, cooling, fans, and ventilation);

· Lighting (both interior and exterior);

· Receptacles and miscellaneous electric;

· Service water heating;

· Process energy uses;

· Commercial refrigeration systems; and

· All other energy end uses that typically pass through the building meter
The Compliance Software shall perform a simulation on an hourly time interval (at a minimum) over a one year period (8760 hours) with the ability to model changes in weather parameters, schedules, and other parameters for each hour of the year. This is typically achieved by specifying a 24-hour schedule for each day of the week plus holidays.

Error Handling

The software shall identify error conditions when unmet loads exceed 300 hours, prevent completion of the Compliance analysis, and provide information to the user describing the error that has occurred and what steps the user should take to remedy the situation.

Climate Data (need to confirm)
The Compliance Software shall perform simulations using hourly values of climate data, such as temperature and humidity, derived from WYEC (Weather Year for Energy Calculation) or TMY (Typical Meteorological Year) climate data.

The Compliance Software shall calculate solar radiation on exterior surfaces on an hourly basis from the values of direct normal irradiance and diffuse horizontal irradiance contained in the climate data, taking ground reflectance into account.

Utility Rates (need to confirm acceptable source)
The Compliance Software shall be capable of simulating time-of-use rates and apply both demand and energy charges for each time period of the rate schedule.

Systems Simulation

General

The Compliance Software shall be capable of modeling:

· The Standard Reference Design building systems defined in 2010 Florida Building Codes.
· The lighting, water heating, HVAC and miscellaneous equipment detailed in the Standards.
· All compulsory and required features as listed in Normative Appendix B and Section 506 of the Energy Codes.
· The capability to model multiple zone systems shall allow at least 10 thermal blocks to be served by one multiple zone system.

· The Compliance Software shall be capable of modeling plenum air return.

Managing User Input
This section addresses the processes of data entry and the validation of user input data that can be performed prior to and independent of the energy simulation.

Building Descriptor Inputs and Restrictions
Building descriptors are discussed in Section 506 and listed in tabular form in Normative Appendix B.  All inputs shall conform with the input conditions and restrictions specified in Normative Appendix B and Section 506. 
Four levels of restriction are specified for building descriptors. The most limiting restriction is a prescribed value. This is an input that must be used in all instances, with no variation. A critical default may be overridden, but when it is, the user must provide special documentation. A default is provided for convenience and may be overridden by the user with no special documentation. For many inputs there is no restriction.

Restrictions apply to all required inputs. If the software provides a means for the user to input building descriptors listed as optional in Normative Appendix B, all input conditions and restrictions in Normative Appendix B and Section 506 pertaining to those building descriptors shall be met. 
The software user interface shall: 
1) clearly indicate when a building descriptor has an associated default,
2) indicate what the default value is, and 
3) provide a convenient means for the user to over-ride the default. When critical default values are overridden, the software interface shall notify the user that documentation of the revised assumption is required.

The software is not required to provide a means for users to enter data for building descriptors designated as prescribed in Normative Appendix B and Section 506. However, if the user is permitted to input values for prescribed inputs, the software must inform the user that a prescribed value and not the value input by the user will be used in the Compliance.

No restrictions are specified for unsanctioned inputs. If the software uses unsanctioned inputs, the software documentation or help system shall specify the applicability of the building descriptors, its definition, the units in which it is expressed, restrictions on input for the proposed design, and, if applicable, how the building descriptor is defined for the Standard Reference Design building.

Compliance Software may not provide default assumptions other than those specified in Normative Appendix B and Section 506. However, the software may assist the user in describing the proposed design by displaying typical values for building descriptors, provided deliberate action by the user is necessary before a displayed value is used.

Data Validation

Compulsory Input Checks

The software shall check to ensure that valid entries have been made for all compulsory building descriptors before the user is permitted to proceed with the next step in the Compliance process. Normative Appendix B and Section 506 specify the compulsory building descriptors.

Handling of Missing Inputs

If a required input is missing or invalid, the software shall: 
1) notify the user that the input is missing or invalid,
2) identify the input field(s) with missing or invalid data, and 
3) prevent the user from moving to the next step of the Compliance process. 
The software may provide additional information designed to help the user correct the deficiency.

Validity Checks

The software shall check all user inputs to ensure that the following conditions are met:

1) Simulation Tool Limits-Inputs do not exceed the minimums or maximums for the parameters permitted by the simulation engine.

2) Compliance Rule Limits-Inputs do not exceed minimums or maximums for the descriptors specified in the Energy Codes.

3) Simulation Tool Discrete Options-Inputs correspond with valid discrete or list options for parameters available in the simulation engine.

4) Compliance Rule Discrete Options-Inputs correspond with valid discrete options provided for in Energy Codes.

Handling Invalid Input

When invalid data is entered, the software shall: 
1) notify the user of the invalid input, 
2) identify the nonconforming input field, and 
3) prevent execution of the next step of the Compliance process
The software may provide additional information designed to help the user correct the deficiency.

Consistency Checks

The consistency checks described above are intended to identify errors and oversights in user input and thereby help ensure that the building description is complete and interpretable by the energy analysis program. Examples of consistency checks include that window should not exceed the areas of wall in which they are contained and that the necessary plant equipment has actually been connected to the secondary HVAC systems. The software may include additional consistency checks provided these additional consistency checks are clearly documented in the user documentation or on-line help.

Handling Inconsistent Input

If the proposed design fails a consistency check, the software shall: 
1) notify the user that an inconsistency exists, 
2) identify the specific consistency check that has been failed, 
3) identify the inconsistent input fields, if feasible, and 
4) prevent execution of the next step of the Compliance process
The software may provide additional information designed to help the user correct the deficiency.
7.2
Accuracy Tests

ASHRAE Standard 140-2007 Tests
[JN comment: 140-2011 should be published by ASHRAE in late October – consider updating to that, and if yes, cite “140-2011 Class I tests of Section 5”]
This method of testing is provided for analyzing and diagnosing building energy simulation software using software-to-software and software-to-quasi-analytical-solution comparisons. The methodology allows different building energy simulation programs, representing different degrees of modeling complexity, to be tested by comparing the predictions from other building energy programs to the simulation results provided by the Compliance Software in question.
COMNET compliant software is required to perform the ASHRAE Standard 140-2007 suite of software tests and the results of these tests shall conform to the COMNET acceptance requirements [provide the COMNET document reference]. All tests shall be completed in accordance with the requirements of ASHRAE Standard 140-2007. The resulting estimates of energy consumption shall fall between the minimum and maximum values established by COMNET, unless a logical explanation is provided using the standard output report block for “anomalous results” provided with Standard 140-2007 Addendum a [this will also be included in 140-2011]. The portfolio folder for Appendix E contains spreadsheets wherein the software vendor enters the results of the Standard 140 simulations for comparison against the criteria. When results from candidate software fall outside the COMNET acceptance range or when candidate software is unable to perform one of the tests, the vendor shall provide an explanation of the reason as per ASHRAE Standard 140-2007 Addendum A [or -2011] requirements. The portfolio folder for Appendix E also contains a methodology paper that describes how the COMNET acceptance criteria were developed.
A PDF copy of the document can be downloaded from the following URL:
http://www.comnet.org/mgp/content/31-ashrae-standard-140-2007-tests
Modeling Assumptions and Standard Reference Design Building Tests

The previous suite of tests, based on ASHRAE Standard 140-2007, verifies that the simulation engine produces results that are reasonable. Each test requires a simulation to be run. The tests in this section are intended to verify that the software correctly constructs the proposed design and Standard Reference Design buildings and correctly applies the proposed design input restrictions specified in Section B-2.2 and  Normative Appendix B of the Energy Code. Each test described in this section requires a minimum of five simulations, plus the sizing calculations: one simulation of the proposed design and four simulations of the Standard Reference Design building (one for each of four orientations).

The simulations described in this section uses five prototype buildings.  The vendor may modify the tests to ensure compliance to Section B-2.2 and Normative Appendix B of the Energy Code.  Chapter 2.1 of this manual describes the document procedures regarding modified tests.
Prototypes A1, A3 and A20 are all the same five-zone, 150 ft x 150 ft, floor plate, but with one, three and 20 stories. Prototypes B1 and C1 are five-zone, one-story, square prototype buildings measuring 200 ft x 200 ft and 400 ft x 400 ft respectively. Prototype D is a more complex, mixed use building with a below-grade garage, retail on the first level, office space on levels two and three, and four stories of multi-family housing over the office. Figure 3.3-1 [9] is an image of all of the prototype buildings, positioned next to each other. Portfolio Appendix E has a Google Sketchup file with the detailed geometry for each of the prototypes. The portfolio folder also has a spreadsheet with tabular detail on each of the prototype buildings along with forms for the software vendor to complete.
7.3
Content and Format of Code Reports

Test Report Overview
This chapter provides a summary of the requisite content and format of the COMNET standard reports. The establishment of these reports will standardize the way energy modeling output data is presented to various Compliance authorities. By standardizing the reports, all Compliance authorities will be able to view the same building information and evaluate the project for certification.

Content

Building information will be organized into four standard reports:

1) Building Summary

2) Energy Measures

3) Energy Results

4) Representations

The Building Summary contains basic building information such as project title, location, and size (see Figure 4.2.2-1 [13]). This brief report provides essential building data at a glance. The Energy Measures report will list the design features that are different between the proposed design and the standard design (see Table 4.2.2-5 [14]). Credit is offered based on these measures. The Energy Results report will contain a summary of fuel types and end uses (see Table 4.2.2-6 [15] and Table 4.2.2-7 [16]). The Representations report will have all relevant building titles and claims (see Table 4.2.2-8 [17] and Table 4.2.2-9 [18]).

Format

The required formats for building information reports are electronic (pdf) and hard copy. The hard copy standard reports will be in PDF (Portable Document File). Both report formats will be automatically generated by the software. Each page of the report will have a header with the project name and date.
Using the Spreadsheets
Four spreadsheets are provided in Appendix E for documenting results from candidate software and comparing to the COMNET acceptance ranges. These parallel the spreadsheets provided with ASHRAE Standard 140-2007. For each of the spreadsheets, the fields where data is entered are shaded pale yellow. The tabs where data is entered and where results are reviewed are shown in Table 3.2.1-1 [8].

A program may be thought of as having passed successfully through the test when its results compare favorably with the reference program outputs.

Appendix A
[JN comment: Update this for forthcoming 140-2007 Addendum B (will also be included in 140-2011) – check with Steve Ferguson if 140-2007-B is posted; I know 140-2007-C is not yet posted, but B might be.]
Procedure for Developing Example Pass/Fail Criteria

The certifying agency using HERS BESTEST may adopt this procedure for developing example pass/fail criteria or develop their own procedure. Neither DOE, NREL, or the authors of this report can be held responsible for any misfortunes that occur due to the use of this procedure in your certification program. 

Passing a Test

A HERS tool may be thought of as having passed successfully through the test series when it results compare favorably with reference program outputs in a case-by-case and a sensitivity basis (difference or delta (Δ) between certain cases).

Example pass/fail ranges based on fictitious reference used for this appendix were developed according to the procedure described in the following section and are presented in Table H-1. A HERS tool would pass a case if its result for that case falls within the passing range represented by “Example Range Max” and “Example Range Min” shown in Table H-1. A HERS tool would pass HER BESTEST if its results are passing for all the cases (including the differences in the results for certain cases). 

Procedure for Developing Example Passing Ranges

Example values relevant to the discussion below are included in Table H-1. The example passing ranges for each case were developed as follows:

1) Determine the maximum reference result, the minimum reference result, the sample mean (average) of the reference results, and the sample standard deviation (n-1 method) of the reference results. There quantities are shown in Table H-1 as “Ref Max”, “Ref Min”, “Ref Mean”, and “Ref Stds,” respectively.

2) Calculate the 90% confidence interval for the population mean assuming a Student’s “t” distribution based on the reference results (Spiegel). The extremes (confidence limits) of the 90% confidence interval for the population mean are determined from:
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Reference Result #1 73.00 46.00 27.00
Reference Result #2 70.00 45.00 25.00
Reference Result #3 82.00 50.00 32.00
Ref Max 82.00 50.00 32.00
Ref Min 70.00 45.00 25.00
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Ref 90% Conf Min 62.11 41.54 20.56
Ref Max + 4 MBtu 86.00 54.00 36.00
Ref Max - 4 MBtu 66.00 41.00 21.00
Example Range Max 87.89 54.00 36.00
Example Range Min 62.11 41.00 20.56





Table H-1
The confidence coefficient (t_█(c@)) is determined from the number of samples and the desired confidence interval. Tables of these coefficients and an explanation of how to use the tables should be available in an introductory statistics text book. For this example with three examples and a desired confidence interval of 90%:
[image: image5.png]=292 (H-3)

Equations H-1 and H-2 then reduce to:

L, = X + 2.92(s)2\? (H-4)

L, =X - 2.92(s)12\? (H-5)




The resulting confidence limits are shown in Table H-1 as “Ref 90% Conf Max” and “Ref 90% Conf Min”

3) Calculate:

(Ref Max) + 4 MBtu

And 

(Ref Min) – 4 MBtu

The results of these calculations are shown in Table H-1 as “Ref Max + 4 MBtu” and “Ref Min – 4 MBtu)
4) The example passing range (“Range Max”, “Range Min”) is then determined by taking the maximum of “Ref 90% Conf Max” and “Ref Max + 4MBtu” as “Range Max” and the minimum of “Ref 90% Conf Min” and “Ref Min – 4MBtu) and “Range Min”. Therefore, using Table H-1, a HERS tool passes a case if its test result falls within the range for that case. Notice in Table H-1 fictitious sets of results are given such that the confidence interval range setting and the “Ref Max + 4MBtu” and “Ref Min – 4MBtu” range setting set the range extremes for Case #1 and Case #2 respectively (it is also possible to have were one range setting method sets one extreme and the other range setting method sets the other extreme as show in the “Delta Case #1-Case #2 results of Table H-1).

Procedure for Developing Example Passing Ranges for HERS Programs That Designate Heating and Cooling Seasons. 

The same procedure described in the previous section can be applied to developing passing ranges for HERS programs that designate heating and cooling seasons. In this case, the annual reference results must be replaced by season reference results developed from the monthly output corresponding to the designated heating and cooling seasons. The remainder procedure then applies. 

Adjusting Passing Ranges

A certifying agency may prefer to adjust the example range setting criteria to suit its particular need. To assist with this, some background and other thoughts about range setting are included in the following section.

Background

In choosing our algorithms for determining passing ranges, we wanted to have some buffer zone around the reference results because:
The reference results do not represent truth, but rather the state of the art in thermal analysis of buildings. A result just outside the range of reference results should pass. Where reference results ranges are very narrow, we wanted to have some allowable disagreement based on economic criteria that would still pass.

Determining passing ranges using the widest range possible range created by a 90% confidence interval and by extending reference results extremes by 4 MBtu at each extreme serves this purpose described below. 

Use of confidence intervals provides some theoretical basis for developing passing ranges (Spiegel). The 90% confidence level was chosen because a 95% confidence interval for the population mean widens the range of passing beyond our level of comfort based on allowable fuel cost uncertainty. Similarly, we felt the passing range produced with an 80% confidence interval would be too narrow. To adjust confidence intervals, we would choose a confidence coefficient that corresponds to a confidence interval within the range of 80% to 95%.

Where reference results are very close together, the 4 MBtu factor was used because at typical gas prices it represents roughly $25/y, which we take as a threshold of economic uncertainty concern. Depending on fuel prices, climate, mortgage lending policy, and other circumstance in specific regions, it may also make sense to adjust this factor.

Case Discrimination

Some cases may deserve to have more strict passing criteria than would be generated using the range setting described above. Possible examples are case with higher loads. In these cases were the percentage disagreements between references results can be roughly consistent with those for lower load cases, the higher loads produce a greater extension of the passing range in terms of estimated fuel cost than is seen for lower load cases. 
Appendix B
This paper [JN comment: what paper? Could use Judkoff and Neymark 2006 or further update in 140-2011 informative Annex B23 and then further update this discussion]  identified here describes a methodology to evaluate the accuracy of whole-building energy simulation programs. The methodology is also used to identify and diagnose differences in simulation predictions that may be caused by algorithmic differences, modeling limitations, coding errors, or input errors. The methodology has been adopted by ANSI/ASHRAE Standard 140 (ANSI/ASHRAE 2001, 2004), Method of Test for the Evaluation of Building Energy Analysis Computer Programs.
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Model Validation and Testing: The 
Methodological Foundation of 
ASHRAE Standard 1401


 
 
 


 


ABSTRACT 
Ideally, whole-building energy simulation programs model all aspects of a building that influence energy 


use and thermal and visual comfort for the occupants.  An essential component of the development of such 
computer simulation models is a rigorous program of validation and testing. This paper describes a 
methodology to evaluate the accuracy of whole-building energy simulation programs.  The methodology is 
also used to identify and diagnose differences in simulation predictions that may be caused by algorithmic 
differences, modeling limitations, coding errors, or input errors. The methodology has been adopted by 
ANSI/ASHRAE Standard 140 (ANSI/ASHRAE 2001, 2004), Method of Test for the Evaluation of Building 
Energy Analysis Computer Programs. A summary of the method is included  in the ASHRAE Handbook of 
Fundamentals (ASHRAE 2005).  This paper describes the ANSI/ASHRAE Standard 140 method of test and its 
methodological basis. Also discussed are possible future enhancements to Standard 140 and related research 
recommendations.   


INTRODUCTION 
Ideally, whole-building energy simulation programs model all aspects of energy use and thermal and 


visual comfort in buildings. Such programs may contain tens of thousands to hundreds of thousands of lines of 
code. An error in even one character of one line of code can lead to seriously flawed results. Therefore, an 
essential component of the development of such computer simulation models is a rigorous program of 
validation, testing, and diagnostics.  The United States Department of Energy’s National Renewable Energy 
Laboratory (NREL) has developed an overall methodology to evaluate the accuracy of whole-building energy 
simulation programs, and to identify and diagnose differences in simulation predictions that may be caused by 
algorithmic differences, modeling limitations, coding errors, or input errors.  This method has been adopted by 
ANSI/ASHRAE Standard 140 (ANSI/ASHRAE 2001, 2004), Method of Test for the Evaluation of Building 
Energy Analysis Computer Programs.  The method has recently been summarized for inclusion in the 
ASHRAE Handbook of Fundamentals (ASHRAE 2005).   


ANSI/ASHRAE STANDARD 140 
ANSI/ASHRAE Standard 140 (ANSI/ASHRAE 2001, 2004), Method of Test for the Evaluation of 


Building Energy Analysis Computer Programs, was the first codified method of test for building energy 
software in the world, and has recently been referenced by ASHRAE Standard 90.1 (ANSI/ASHRAE/IESNA 
2004, 2005) for approval of software used to show performance path compliance. Standard 140 is structured 
to allow for the addition of all elements of a complete validation approach as they become available.  This 
structure corresponds to the validation methodology introduced above with subdivisions creating a matrix of 
six areas for testing including: 


 
                                                           
1 This work has been authored by an employee or employees of the Midwest Research Institute under 
Contract No. DE-AC36-99GO10337 with the U.S. Department of Energy. The United States Government 
retains and the publisher, by accepting the article for publication, acknowledges that the United States 
Government retains a non-exclusive, paid-up, irrevocable, worldwide license to publish or reproduce the 
published form of this work, or allow others to do so, for United States Government purposes. 
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a) Comparative tests – building envelope 
b) Comparative tests – mechanical equipment and on-site energy generation equipment 
c) Analytical verification – building envelope 
d) Analytical verification – mechanical equipment and on-site energy generation equipment 
e) Empirical validation – building envelope 
f) Empirical validation – mechanical equipment and on-site energy generation equipment. 


 
This is a highly abbreviated way of representing the overall parameter space in which building energy 


simulation programs operate, and each cell in the matrix represents a very large region in the space. The 
current set of tests are classified under categories “a” and “d”.  These tests are based on procedures developed 
by the National Renewable Energy Laboratory and field-tested by the International Energy Agency (IEA) 
over three IEA research tasks.  (Judkoff and Neymark 1995a; Neymark and Judkoff 2002)  The category “a” 
procedures (ANSI/ASHRAE 2001) were refined and converted to standards language and format by the 
ASHRAE SPC-140 Standards Project Committee. The category “d” procedures were refined and converted to 
standards language and format by ASHRAE Standing Standards Project Committee (SSPC) 140 and are 
included along with the category “a” procedures in the most recent revision of Standard 140 (ANSI/ASHRAE 
2004).  Continuing oversight of Standard 140 by SSPC 140 allows validation procedures used within Standard 
140 to evolve as the state of the art in whole-building energy simulation evolves.  Additional tests have been 
or are being developed under ASHRAE research projects (Spitler, Rees, and Xiao 2001; Yuill and Haberl 
2002) and under a joint IEA Solar Heating and Cooling Programme and Energy Conservation in Buildings 
and Community Systems Task 34/Annex 43 (Judkoff and Neymark 2004) that are intended to fill in other 
categories of the above validation matrix.   


METHODOLOGICAL BASIS FOR ANSI/ASHRAE STANDARD 140 
There are only a few ways to evaluate the accuracy of a whole-building energy simulation program 


(Judkoff et al. 1983): 


• Empirical Validation—in which calculated results from a program, subroutine, algorithm, or software 
object are compared to monitored data from a real building, test cell, or laboratory experiment.  


• Analytical Verification—in which outputs from a program, subroutine, algorithm, or software object 
are compared to results from a known analytical solution or a generally accepted numerical method  
for isolated heat transfer under very simple, highly constrained boundary conditions. 


• Comparative Testing—in which a program is compared to itself or to other programs. 


Table 1 compares these techniques (Judkoff 1988).  In this table the term “model” is the representation of 
reality for a given physical behavior. For example, heat transfer may be simulated with one-, two-, or three-
dimensional thermal conduction models. The term “solution process” encompasses the mathematics and 
computer coding to solve a given model. The solution process for a model can be perfect, while the model 
remains inappropriate for a given physical situation, such as using a one-dimensional conduction model where 
two-dimensional conduction dominates. The term “truth standard” represents the standard of accuracy for 
predicting real behavior. An analytical solution is a “mathematical truth standard,” but only tests the solution 
process for a model, not the appropriateness of the model. An approximate truth standard from an experiment 
tests both the solution process and appropriateness of the model within experimental uncertainty. The ultimate 
(or “absolute”) validation truth standard would be comparison of simulation results with a perfectly performed 
empirical experiment, with all simulation inputs perfectly defined. 


Establishing an absolute truth standard for evaluating a program’s ability to analyze physical behavior 
requires empirical validation, but this is only possible within the range of measurement uncertainty, including 
that related to instruments, spatial and temporal discretization, and the overall experimental design.  Test cells 
and buildings are large, relatively complex experimental objects. The exact design details, material properties, 
and construction in the field cannot be perfectly known, so there is some uncertainty about the simulation 
model inputs that accurately represent the experimental object. Meticulous care is required to describe the 
experimental apparatus as clearly as possible to modelers to minimize this uncertainty. This includes 
experimental determination of as many material properties and other simulation model inputs as possible, 
including overall building parameters such as overall steady-state heat transmission coefficient, infiltration 
rate, and thermal capacitance. Also, required are detailed meteorological measurements. For example, many 
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experiments measure global horizontal solar radiation, but very few experiments measure the splits between 
direct, diffuse, and ground reflected radiation, all of which are inputs to many whole building energy 
simulation programs. 
 


Table 1. Validation Techniques 
Technique Advantages Disadvantages 
Empirical 
Test of model and solution 
 process 


• Approximate truth standard within 
   experimental accuracy 
• Any level of complexity 


• Experimental uncertainties:  
-  Instrument calibration, spatial/ 
   temporal discretization 


   -  Imperfect knowledge/ 
 specification of 
 experimental object (building) 
 being simulated 
• High quality detailed 


measurements are expensive and 
   time consuming 
• Only a limited number of test       


conditions are practical 
Analytical 
Test of solution process 


• No input uncertainty 
• Exact mathematical truth standard  
   for the given model 
• Inexpensive 


• No test of model validity 
• Limited to highly constrained 
  cases for which analytical 
  solutions can be derived 


Comparative 
Relative test of model and 
 solution process 


• No input uncertainty 
• Any level of complexity 
• Many diagnostic comparisons possible 
• Inexpensive and quick 


• No absolute truth standard (only 
statistically based acceptance 
ranges are possible) 


 
 
The National Renewable Energy Laboratory (NREL) methodology divides empirical validation into 


different levels, because many past validation studies produced inconclusive results. The levels of validation 
depend on the degree of control over possible sources of error in a simulation. These error sources consist of 
seven types divided into two groups: 


External Error Types 
• Differences between the actual microclimate that affects the building versus weather input used by the 


program 
• Differences between actual schedules, control strategies, effects of occupant behavior, and other effects 


from the real building versus those assumed by the program user 
• User error in deriving building input files 
• Differences between the actual physical properties of the building (including HVAC systems), versus 


those input by the user. 


Internal Error Types 
• Differences between the actual thermal transfer mechanisms in the real building and its HVAC systems 


versus the simplified model of those processes in the simulation (all models, no matter how detailed, 
are simplifications of reality) 


• Errors or inaccuracies in the mathematical solution of the models 
• Coding errors.  


 
The simplest level of empirical validation compares a building’s actual long-term energy use to that 


calculated by a computer program, with no attempt to eliminate sources of discrepancy.  Because this is 
similar to how a simulation tool is used in practice, it is favored by many in the building industry.  However, it 
is difficult to interpret the results because all possible error sources are acting simultaneously. Even if there is 
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good agreement between measured and calculated performance, possible offsetting errors prevent a definitive 
conclusion about the model’s accuracy.  More informative levels of validation involve controlling or 
eliminating various combinations of error types and increasing the density of output-to-data comparisons (e.g., 
comparing temperature and energy results at various time scales ranging from subhourly to annual).  At the 
most detailed level, all known sources of error are controlled to identify and quantify unknown error sources 
and to reveal causal relationships associated with the error sources. 


This principle also applies to intermodel comparative testing and analytical verification. The more 
realistic the test case, the more difficult it is to establish causality and diagnose problems; the simpler and 
more controlled the test case, the easier it is to pinpoint sources of error or inaccuracy. Methodically building 
up to realistic cases is useful for testing interactions between algorithms modeling linked mechanisms. 


A comparison between measured and calculated performance represents a small region in an immense N-
dimensional parameter space. Investigators are constrained to exploring relatively few regions in this space, 
yet would like to be assured that the results are not coincidental (e.g., not a result of offsetting errors) and do 
represent the validity of the simulation elsewhere in the parameter space. Analytical and comparative 
techniques minimize the uncertainty of the extrapolations around the limited number of sampled empirical 
domains. Table 2 classifies these extrapolations.  Use of the term “vice versa” in Table 2 is intended to mean 
that the extrapolation can go both ways, (e.g., from short-term to long-term data and from long-term to short-
term data).  This does not mean that such extrapolations are correct, but only that researchers and practitioners 
have either explicitly or implicitly made such inferences in the past. 
 


Table 2. Types of Extrapolation 
Obtainable Data Points Extrapolation 
A few climates Many climates 
Short-term total energy usage Long-term total energy usage, or vice versa 
Short-term (hourly) temperatures and/or fluxes Long-term total energy usage, or vice versa 
A few equipment performance points Many equipment performance points  
A few buildings representing a few sets of variable and 
parameter combinations  


Many buildings representing many sets of variable and 
parameter combinations, or vice versa 


Small-scale: simple test cells, buildings, and mechanical 
systems; and laboratory experiments 


Large-scale complex buildings with complex HVAC 
systems, or vice versa 


 
 
Figure 1 shows one process to combine the analytical, empirical, and comparative techniques. These 


three techniques may also be used together in other ways, for example, intermodel comparisons may be done 
before an empirical validation exercise, to better define the experiment and to help estimate experimental 
uncertainty by propagating all known error sources through one or more whole-building energy simulation 
programs (Hunn et al. 1982, Lomas et al. 1994). 


For the path shown in Figure 1, the first step is running the code against analytical verification test cases 
to check its mathematical solution.  Discrepancies must be corrected before proceeding further.  


Second, the code is run against high-quality empirical validation data, and errors are corrected. 
Diagnosing error sources can be quite difficult and is an area of research in itself. Comparative techniques can 
be used to create diagnostic procedures (Achermann and Zweifel 2003; Judkoff 1988; Judkoff and Neymark 
1995a, 1995b; Judkoff, Wortman, and Burch 1983; Judkoff et al. 1980; Morck 1986; Neymark and Judkoff 
2002, 2004; Purdy and Beausoleil-Morrison 2003; Spitler, Rees, and Dongyi 2001; Yuill and Haberl 2002) 
and to better define empirical experiments.   


The third step is to check agreement of several different programs with different thermal solution and 
modeling approaches (that have passed through steps 1 and 2) in a variety of representative cases. This uses 
the comparative technique as an extrapolation tool. Deviations in the program predictions indicate areas for 
further investigation.  
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Figure 1. Validation method   


 
When programs successfully complete these three stages, they are considered validated for cases where 


acceptable agreement was achieved (i.e., for the range of building, climate, and mechanical system types 
represented by the test cases).  Once several detailed simulation programs have satisfactorily completed the 
procedure, other programs and simplified design tools can be tested against them. A validated code does not 
necessarily represent truth. It does represent a set of algorithms that have been shown, through a repeatable 
procedure, to perform according to the current state of the art. 


The NREL methodology for validating building energy simulation programs has been generally accepted 
by the International Energy Agency (Irving 1988), ASHRAE (ANSI/ASHRAE 2001, 2004; 
ANSI/ASHRAE/IESNA 2004, 2005), and elsewhere with refinements suggested by other researchers (Bland 
1992; Bloomfield 1988, 1999; Guyon and Palomo 1999; Irving 1988; Lomas 1991; Lomas and Bowman 
1987; Lomas and Eppel 1992).  Additionally, the Commission of European Communities has conducted 
considerable work under the PASSYS program (Jensen 1989; Jensen and van de Perre 1991). 


EXAMPLES OF APPLYING THE NREL VALIDATION/TESTING METHODOLOGY  
Herein is an example applying a portion of the above methodology to show how comparative tests can be 


used to extrapolate beyond analytical verification test cases. The process is illustrated for testing the ability of 
simulation programs to model a simple split-system air conditioner using the steady-state analytical 
verification tests of HVAC BESTEST Volume 1 (Neymark and Judkoff 2002a) as the basis for further, more 
realistic, comparative tests of HVAC BESTEST Volume 2 (Neymark and Judkoff 2004). Initially, Volume 1 
analytical verification test cases were developed and distributed to IEA field-trial participants, before 
analytical solutions were developed.  The initial results are illustrated in Figure 2; these are “blind” results, 
meaning that the field-trial participants had no prior knowledge of each others’ results. Development of 
steady-state analytical solutions after this initial round of simulations yielded a mathematical truth standard for 
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the field-trial participants to compare to their results. Using this mathematical truth standard the field-trial 
participants discovered and corrected a number of errors in their simulation programs. Such improvements to 
simulation programs or simulation inputs made by participants must have a mathematical and physical basis, 
and must be applied consistently across tests. Also, all improvements were required to be documented in 
modeler reports. Arbitrary modification of a simulation program’s input or internal code just for the purpose 
of more closely matching a given set of results is not allowed. The participants’ corrections resulted in 
improved agreement among the simulation programs, as shown in Figure 3.  
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Figure 2. HVAC BESTEST Volume 1: mean COP, initial simulation results, before analytical 
solutions developed (abbreviations along the x-axis are shorthand for the case descriptions; see 
Neymark and Judkoff [2002a] for full case descriptions) 
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Figure 3. HVAC BESTEST Volume 1: mean COP, final analytical solutions and simulation 
results (abbreviations along the x-axis are shorthand for the case descriptions; see Neymark 
and Judkoff [2002a] for full case descriptions) 
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  The HVAC BESTEST Volume 2 comparative test cases, also applying a split-system air conditioner, 
were then developed. These cases include more realism (e.g., hourly varying internal gains and weather data, 
outside air mixing, etc.) such that obtaining analytical solutions outside the environment of a whole-building 
energy simulation program was not possible. Because these cases are an extension of the HVAC BESTEST 
Volume 1 analytical verification test cases, it was possible to use results from the programs that were run and 
improved in the Volume 1 test cases, and then further tested with Volume 2, as approximate benchmark 
results for comparing with programs that did not previously run the Volume 1 test cases. Figure 4 illustrates 
“blind” initial results for the Volume 2 comparative tests, while Figure 5 illustrates final Volume 2 
comparative test results after technically justifiable corrections to the simulation programs were applied 
according to the rules previously stated. These figures show that – because good agreement among 
simulations was achieved in the Volume 1 tests, and because the Volume 2 tests are an extension of the the 
Volume 1 tests – there was some propropagation of the level of agreement among simulations of the Volume 
1 analytical verification tests through to the Volume 2 comparative test simulation results. There was also 
some further mprovement to the simulations achieved because of the Volume 2 comparative tests. 


 
 


 
 


Figure 4. HVAC BESTEST Volume 2: total electricity consumption, initial simulation results 
(abbreviations along the x-axis are shorthand for the case descriptions; see Neymark and 
Judkoff [2004] for full case descriptions) 
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Figure 5. HVAC BESTEST Volume2: total electricity consumption, final simulation results 
(abbreviations along the x-axis are shorthand for the case descriptions; see Neymark and 
Judkoff [2004] for full case descriptions)    


 


SUMMARY OF PREVIOUS AND CURRENT TESTING AND VALIDATION WORK  
A summary of work in the areas of analytical verification, empirical validation, and comparative testing is 


available that cites and briefly summarizes approximately 100 articles and research reports covering work 
published from 1980 through mid-2001 (ASHRAE 2005; Neymark and Judkoff 2002). The following test 
suites have been completed and are in various stages of adaptation for Standard 140: 


 
a) “Building Energy Simulation Test and Diagnostic Method for Heating, Ventilating, and Air-Conditioning 


Equipment Models (HVAC BESTEST), Fuel-Fired Furnace Test Suite” (Purdy and Beausoleil-Morrison 
2003) 


b)  “Home Energy Rating System Building Energy Simulation Test (Judkoff and Neymark 1995b) 
c) “International Energy Agency Building Energy Simulation Test and Diagnostic Method for Heating, 


Ventilating, and Air-Conditioning Equipment Models (HVAC BESTEST), Volume 2: Cases E300–E545” 
(Neymark and Judkoff 2004) 


 
There are also a number of simulation test suites in various stages of completion that could eventually be 


included in Standard 140.  These include, among others: 
 


d) ASHRAE RP-1052, “Development of an Analytical Verification Test Suite for Whole Building Energy 
Simulation Programs – Building Fabric” (Spitler, Rees, and Xiao, 2001)  
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e) ASHRAE RP-865, “Development of Accuracy Tests for Mechanical System Simulation” (Yuill and 
Haberl 2002) 


f)  “RADTEST Radiant Heating and Cooling Test Cases” (Achermann and Zweifel 2003) 
g) “Proposed IEA BESTEST Ground-Coupled Cases” (Deru, Judkoff and Neymark 2002) 
h) ETNA BESTEST Empirical Validation Test Specification (Neymark et al. 2004) 
i) “Daylighting – HVAC Interaction Tests for the Empirical Validation of Building Energy Analysis Tools” 


(Maxwell, Loutzenhiser, and Klaassen 2003) 
j) “Economizer Control Tests for the Empirical Validation of Building Energy Analysis Tools” (Maxwell, 


Loutzenhiser, and Klaassen 2004) 
k) A number of test suites that are being developed by National Renewable Energy Laboratory and 


researchers in International Energy Agency (IEA) member nations under auspices of IEA Solar Heating 
and Cooling Task 34 and IEA Energy Conservation in Buildings and Community Systems Annex 43 (IEA 
SHC 34/ECBCS 43; Judkoff and Neymark 2004). 


CONCLUSION AND RECOMMENDATIONS   
New material has been added to ASHRAE Handbook—Fundamentals (ASHRAE 2005) that describes a 


method to evaluate the accuracy of whole-building energy simulation programs, and to identify and diagnose 
differences in simulation predictions that may be caused by algorithmic differences, modeling limitations, 
coding errors, or input errors.  This methodology, which was developed by the National Renewable Energy 
Laboratory starting over 20 years ago (Judkoff et. al., 1983), has been adopted by ANSI/ASHRAE Standard 
140 (ANSI/ASHRAE 2001, 2004), Method of Test for the Evaluation of Building Energy Analysis Computer 
Programs.  The current set of test cases included in Standard 140 occupy only a small area of the parameter 
space represented by the cells in the methodological test matrix described in this paper.  Additional suites of 
test cases have been developed that can be considered for integration into Standard 140.  We recommend 
more work to integrate such existing test suites into Standard 140.   


Some high-priority areas for additional test cases are:  
 
• Comparative Tests—Mechanical Equipment (Additional tests beyond those in HVAC BESTEST unitary 


cooling and heating equipment cases) 
• Analytical Verification—Mechanical Equipment (Additional tests beyond those in RP-865 and HVAC 


BESTEST unitary cooling and heating equipment test cases) 
• Empirical Validation—Mechanical Equipment (Additional tests beyond those in IEA SHC Task 22 and 


IEA SHC Task 34/ECBCS Annex 43). 
 


More work to develop such test suites is recommended. 
Standard 140 and/or the reports that comprise the test suites contained therein (commonly known as the 


NREL BESTEST reports), are being referenced and used by a growing number of code promulagation 
authorities throughout the world.  ASHRAE Standard 90.1 (ANSI/ASHRAE/IESNA 2004, 2005) requires that 
software used for demonstrating performance compliance with Standard 90.1 be tested using ASHRAE 
Standard 140.  Standard 90.1 is ASHRAE’s consensus energy code for commercial buildings and for non-
low-rise residential buildings.  IEA BESTEST is also being used for simulation certification tests in The 
Netherlands (ISSO 2003), Australia (SEDA 2003, Pears 1998), New Zealand (Donn 2004), and Portugal 
(Maldonado 2005). As part of their building energy performance assessments under the European 
Community’s Energy Performance Directive (European Union 2002), Austria, Denmark, Greece and The 
Netherlands are using a new software tool that includes algorithms that have been checked with BESTEST 
(Balaras, Poel, and van Crutchen, 2005). Also, CEN has utilized BESTEST to check their reference cooling 
load calculation general criteria of prEN ISO 13791 (CEN 2004a) and simplified methods of prEN ISO 13792 
(CEN2004b). (Millet 2003)  In the United States, the National Association of State Energy Officials 
(NASEO) Residential Energy Services Network (RESNET) has adopted Home Energy Rating System 
(HERS) BESTEST (Judkoff and Neymark 1995b) as the basis for certifying software to be used for home 
energy rating systems under the NASEO/RESNET national accreditation standard. (NASEO/RESNET 2002)  
This is indicative of the importance of validation methods for improving the state of the art in building energy 
software, and for helping to certify such software for use with home energy rating standards, building energy 
codes, building energy tax credits, and other building energy incentive programs. The importance of 
validation and test methods is further supported by a recent report comparing 20 whole-building energy 
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simulation tools. (Crawley et al 2005) The report indicates that 18 of the 20 tools reviewed have been tested 
with at least one of the two procedures currently included in ASHRAE Standard 140-2004, 7 of the tools have 
been tested with both procedures, and 9 of the tools have been tested with three additional procedures that are 
currently in various stages of adaptation for Standard 140. 


Extensively reducing the energy intensity of buildings through better design is possible with the use of 
simulation tools. However, widespread use of building energy simulation software will not occur unless the 
design and engineering communities have confidence in these programs. The work described here represents a 
good start in the effort to develop rigorously validated building energy simulation tools. 
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