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Building stakeholders need practical metrics, data, and tools to support decisions related to sustainable building designs, technologies, standards, and codes. The Engineering Laboratory of the National Institute of Standards and Technology (NIST) has addressed this high priority national need by extending its metrics and tools for sustainable building products, known as Building for Environmental and Economic Sustainability (BEES), to whole-buildings through its Building Industry Reporting and Design for Sustainability (BIRDS) framework. The BIRDS framework is a sustainability measurement system consisting of whole-building sustainability metrics that are based on innovative extensions to life-cycle assessment (LCA) and life-cycle costing (LCC) approaches involving whole-building energy simulations. The measurement system evaluates the sustainability of both the materials and the energy used by a building over time. It assesses the “carbon footprint” of buildings as well as 11 other environmental performance metrics, and integrates economic performance metrics to yield science‑based measures of the business case for investment choices in high-performance green buildings.
The BIRDS framework has been leveraged to assist building architects and designers to evaluate the sustainability performance of custom building designs through the development of BIRDS NEST (“Neutral Environment Software Tool”), which an application programming interface (API) that allows other software tools to submit building characteristics and performance information (in a standardized format) to develop sustainability performance metrics for a customized building design. 
The beta version of BIRDS NEST is focused on estimating the life-cycle environmental impact assessment (LCIA) using the 12 BIRDS impact categories for single-family residential buildings. BIRDS NEST has been designed to interact with DOE’s OpenStudio (OS), which is an open-source, cross-platform collection of software tools to support whole building energy modeling using EnergyPlus (E+). In collaboration with NREL’s OS Development Team, an OS “Measure” has been developed to successfully send and receive information to and from BIRDS NEST, allowing OS users to develop LCIA estimates for OS building models without leaving the OS application.
This tutorial gives a brief introduction to BIRDS and LCA, development of BIRDS NEST and the associated OS Measure, and tutorials for several use cases based on a validated E+ model of NIST’s Net Zero Energy Residential Test Facility (NZERTF).
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[bookmark: _Toc509318395]Preface
This tutorial was developed by the Applied Economics Office (AEO) in the Engineering Laboratory (EL) at the National Institute of Standards and Technology (NIST). The document explains how to use BIRDS NEST, including multiple use cases. The intended audience are BIRDS NEST and OS users, researchers and decision makers in the residential building sector, and others interested in building sustainability.

Disclaimers
The policy of the National Institute of Standards and Technology is to use metric units in all its published materials. Because this report is intended for the U.S. construction industry that uses U.S. customary units, it is more practical and less confusing to include U.S. customary units as well as metric units. Measurement values in this report are therefore stated in metric units first, followed by the corresponding values in U.S. customary units within parentheses.
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[bookmark: _Toc491419308][bookmark: _Toc509318400]NIST’s Existing Building Sustainability Tools
Building stakeholders need practical metrics, data, and tools to support decisions related to sustainable building designs, technologies, standards, and codes. The Engineering Laboratory (EL) of the National Institute of Standards and Technology (NIST) has addressed this high priority national need by extending its metrics and tools for sustainable building products, known as Building for Environmental and Economic Sustainability (BEES), to whole-buildings. Whole-building sustainability metrics have been developed based on innovative extensions to environmental life-cycle assessment (LCA) and life-cycle costing (LCC) approaches involving whole-building energy simulations. The measurement system evaluates the sustainability of both the materials and energy used by a building over time. It assesses the “carbon footprint” of buildings as well as 11 other environmental performance metrics, and integrates economic performance metrics to yield science-based measures of the business case for investment choices in high-performance green buildings.
The approach previously developed for BEES has now been applied at the whole-building level to address building sustainability measurement in a holistic, integrated manner that considers complex interactions among building materials, energy technologies, and systems across dimensions of performance, scale, and time (NIST 2010). Building Industry Reporting and Design for Sustainability (BIRDS) applies the sustainability measurement system to an extensive whole-building performance database NIST has compiled for this purpose. The energy, environment, and cost data in BIRDS provide measures of building operating energy use based on detailed energy simulations, building materials use through innovative life-cycle material inventories, and building costs over time for constructing, operating, and maintaining, repairing, and replacing building components. 
The most recent release of BIRDS (v3.1) includes 3 sustainability databases (NIST 2017). One that includes energy, environmental, and cost measurements for 12 540 commercial and non-low rise residential buildings, covering 11 building prototypes in 228 cities across all U.S. states for 9 study period lengths. See Lippiatt et al. (2013) for additional details. The second includes a residential database which incorporated the energy, environmental, and cost measurements for 9120 residential buildings, covering 10 single family dwellings (5 one-story and 5 two-story of various conditioned floor area) in 228 cities for study period lengths ranging from 1 year to 40-years. See Kneifel et al (2015) for additional details.
Instead of considering locations across the country with minimal building design options, the third database allows for detailed incremental energy efficiency measure analysis for a single location, 480 000 variations in residential building designs based on the NIST Net-Zero Energy Residential Test Facility (NZERTF) specifications and varying requirements across International Energy Conservation Code (IECC) editions (ICC 2006, 2009, 2012, 2015). Again, study period lengths from 1 year to 40 years are included in the Low-Energy Residential Database. The sustainability performance of buildings designed to meet current energy codes can be compared to several alternative building designs to determine the impacts of improving building energy efficiency as well as varying the investor time horizon and other assumptions affecting overall sustainability performance. Along with the energy, environmental, and economic measurements, this database includes indoor environmental quality metrics based on occupant thermal comfort and indoor air quality (IAQ). See Kneifel et al (2017a) for additional details.
BIRDS v4.0 is currently under development and will make several key additions and improvements. First, the standard/code-based commercial database is being redeveloped using the Pacific Northwest National Laboratory (PNNL) Commercial Prototype Building Models. Second, the standard/code-based residential database is being updated using new construction cost data. Third, natural gas-fired space and water heating equipment options are being added to the Low-Energy Residential Database. Fourth, the web interfaces for all three databases are being updated to incorporate the new data and features under a consistent interface layout and aesthetics.
[bookmark: _Toc442784566][bookmark: _Toc491419309][bookmark: _Toc509318401]Introduction to LCA in BIRDS
LCA is a “cradle-to-grave” systems approach for measuring environmental performance. The approach is based on two principles. First, the belief that all stages in the life of a product generate environmental impacts and must be analyzed, including raw materials acquisition, product manufacture, transportation, installation, operation and maintenance, and ultimately recycling and waste management. An analysis that excludes any of these stages is limited because it ignores the full range of upstream and downstream impacts of stage-specific processes. LCA broadens the environmental discussion by accounting for shifts of environmental problems from one life-cycle stage to another. The second principle is that multiple environmental impacts must be considered over these life-cycle stages to implement a trade-off analysis that achieves a genuine reduction in overall environmental impact, rather than a simple shift of impact. By considering a range of environmental impacts, LCA accounts for impact-shifting from one environmental medium (land, air, water) to another. 
The LCA method is typically applied to products, or simple product assemblies, in a “bottom up” manner. The environmental inputs and outputs to all the production processes throughout a product’s life-cycle are compiled. These product life-cycle “inventories” quantify hundreds, even thousands, of environmental inputs and outputs. This is a data-intensive, time-consuming, and expensive process that must be repeated for every product.
The bottom-up approach becomes unwieldy and cost prohibitive for complex systems, such as buildings, that involve potentially hundreds of products. Furthermore, a building’s sustainability is not limited to the collective sustainability of its products. The way designers integrate these products and systems at the whole-building level has a large influence on another major dimension of its sustainability performance, operating energy use.
The BIRDS model applies a unifying LCA framework developed for the U.S. economy to the U.S. construction sector and its constituent building types. Through this “top‑down” LCA approach, a series of baseline sustainability measurements are made for prototypical buildings, yielding a common yardstick for measuring sustainability with roots in well-established national environmental and economic statistics. Using detailed “bottom-up” data compiled through traditional LCA approaches, the baseline measurements for prototypical buildings are then “hybridized” to reflect a range of improvements in building energy efficiency, enabling assessment of their energy, environmental, and economic benefits and costs. The idea is to provide a cohesive database and measurement system based on sound science that can be used to prioritize green building issues and to track progress over time as design and policy solutions are implemented.
The BIRDS hybrid LCA approach combines the advantages of both the bottom-up and top-down approaches—namely the use of higher-resolution, bottom-up data and the use of regularly‑updated, top-down statistical data without truncation (Suh, Lenzen et al. 2004, Suh and Huppes 2005). The hybrid approach generally reduces the uncertainty of existing pure bottom-up or pure top-down systems by reducing truncation error in the former and increasing the resolution of the latter (Suh, Lenzen et al. 2004). For additional details on the LCA methodology and data, see the BIRDS Neutral Environment Sustainability Tool (NEST) Technical Manual (Kneifel et al 2017b).
[bookmark: _Toc491419310][bookmark: _Toc509318402]BIRDS NEST
One of the key shortcomings of BIRDS is its basis is predefined building prototypes and does not allow for sustainability analysis of custom building designs. Architects and designers have interest in their own building design, which will vary (likely significantly) from any prototype building that is selected to be a feasible representation of a building type, whether it’s a two‑story colonial house or a high-rise office building. A tool that implements the BIRDS framework, including access to the underlying source data, while offering greater flexibility for building designers would benefit the construction industry in meeting ever increasing sustainability goals.
An evaluation of the feasibility and high priority characteristics of such a tool led to the identification of several key requirements. First, the tool must give maximum flexibility in building characteristics and designs for evaluation. A user should be able to evaluate a building of any geometry and as many building assembly options as possible, including incremental or continuous options where feasible. Second, the tool must be interoperable in both directions with at least one existing whole building energy simulation modeling software package. The tool requires the ability to successfully exchange information about the building characteristics (e.g. geometry), performance (e.g. energy consumption), and sustainability results. The preference would be to design the tool to be a building sustainability calculation engine in a “neutral environment” that can receive inputs and send outputs successfully regardless of how those building designs are submitted, whether it’s whole building energy simulation software, (CAD) or Building Information Model (BIM) software, or web interface. Third, the tool must be able to be run from within the existing software package. By allowing a user to remain within a software package for which they are already familiar while still being able to generate and view sustainability results will increase the usability, and hopefully adoption, of the tool while lowering the costs of maintaining and expanding capabilities of the tool moving forward. Finally, all software should be highly supported, regularly updated, and freely available to the public to ensure maximum benefit to the industry, including small- and medium-sized businesses.
To accelerate proof of concept and development of such a tool, the most simplistic and impactful capabilities were identified for the initial version. First, the calculations would focus solely on environmental performance using life cycle impact assessment (LCIA) while excluding LCC analysis. The two reasons for focusing on environmental impacts are (1) it is unlikely that users will have access to LCIA data and/or technical knowledge of LCIA development, and (2) users are likely to have access to cost data that is more accurate for their specific building design than the cost databases that are available to NIST to develop LCC estimates. Second, the calculation engine will limit users to evaluating single-family dwellings. The two reasons for focusing on single-family dwellings are (1) houses are relatively simple buildings for which to develop LCIA estimates, and (2) NIST already has detailed LCIA data for a wide range of building components in residential buildings. These two constraints will be relaxed in the future as the tool’s capabilities can be expanded.
Based on these characteristics and limited scope, NIST has developed the BIRDS Neutral Environment Sustainability Tool (NEST) application programming interface (API) designed to exchange information with the National Renewable Energy Laboratory (NREL) OpenStudio (OS) software (NREL 2017). The OS suite of applications were determined to have all the desired characteristics described above. OS allows a user to design a custom building, run whole building energy simulations using EnergyPlus (E+) (DOE 2015), and using its “Measure” capabilities send and receive information on the building’s design, operation, and performance as well as display results. OS is free to the public and typically updated on a 6-month cycle in conjunction with E+.
By leveraging the significant capabilities of OS, BIRDS NEST could be designed as a calculation engine without a user interface, allowing for efficient future allocation of resources for maintenance and improvements to the API’s capabilities. New capabilities could include more detailed LCIA calculations and results as well as interoperability with other software. Therefore, the development of BIRDS NEST has been generalized to allow for any software, whether it’s a CAD or BIM application or a simple web interface, to submit an input file for which the API can calculate the LCIA results. 
The remainder of this document is structured as followed. Chapter 2 introduces a user to BIRDS NEST and its components (API and OS Measure). Chapter 3 is a detailed tutorial for a use case based on an OS model of NIST’s NZERTF, including details of the OS model development. Chapter 4 includes additional use cases that tweak the NZERTF OS model to demonstrate different capabilities of BIRDS NEST, such as changes to individual building components, parametric modeling, and warning identification.
[bookmark: _Toc442785331][bookmark: _Ref444601873]
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[bookmark: _Toc442784569][bookmark: _Ref444609093][bookmark: _Ref444609107][bookmark: _Toc344987513][bookmark: _Toc405385110]The development of BIRDS NEST and associated OS Measure was completed through a collaboration between NIST’s Engineering Laboratory (EL) (Applied Economics Office (AEO) and EL Data, Security, and Technology (ELDST)) and NREL’s OS Team. NREL developed the OS Measure while EL developed the BIRDS NEST API. This section gives an overview of the information exchange and a detailed description of the OS Measure and BIRDS NEST API, including the software tools and programming languages implemented.
[bookmark: _Toc491419424][bookmark: _Toc509318404]Information Exchange
[bookmark: _Toc491419425][bookmark: _Toc509318405]Overview
As was discussed in Section 1.3, OS was selected as the initial software for which BIRDS NEST would be designed because of its capabilities to exchange all the necessary information required to development LCIAs for a customized building design with an API hosted on an independent server, including the ability to run the API and display its results without leaving the OS application. The information exchanged and flow of information between OS and BIRDS NEST is shown in Figure 2‑1.
[image: ]
[bookmark: _Ref491350880][bookmark: _Toc491419299][bookmark: _Toc509318280]Figure 2‑1 Information Exchange between OS and BIRDS API
The transfer of information from OS to BIRDS NEST is completed using JavaScript Object Notation (JSON)‑formatted files. OS generates a JSON-formatted input file that is sent through HTTP to BIRDS NEST, which is waiting for a JSON input file. As soon as an input file is received, the API validated the inputs, parses the file into its parameters, and uses the values to generate LCIA estimates for the building design. The set of values are aggregated into a JSON-formatted output file and sent back to OS using HTTP. OS awaits the return of a JSON-formatted output file that it reads and parses into an OS Measure Report. The report displays a set of tables and graphs in the OS Results tab.
A user that has developed a building design within the OS application can add the BIRDS NEST Measure to their model using the OS Measure tab as shown in Figure 2‑2. The BIRDS NEST Measure can be downloaded from the Building Component Library (BCL).
[image: ]
[bookmark: _Ref491351157][bookmark: _Toc491419300][bookmark: _Toc509318281]Figure 2‑2 OpenStudio Measure - User Inputs
After reviewing and/or changing the user inputs for the BIRDS NEST Measure to match the user’s building design and preferences, the user runs the OS model that executes any OS Measure and the E+ simulation that generates annual performance data on the building (e.g. energy use, thermal comfort). After the E+ simulation has completed running (but before OS reports a completed run), information on the building characteristics and annual performance data are formatted into a JSON input file and sent to BIRDS NEST. 

The BIRDS NEST API, hosted on a NIST server, is constantly waiting for an input file. As soon as the input file is received, the API parses the file into its parameters and uses the values to generate LCIA estimates for the building design. The LCIA values along with key building characteristics and generated warnings are aggregated into a JSON‑formatted output file that is returned to the web server. All of which occurs in a manner of seconds without leaving the OS Run tab. OS awaits the return of an output file to the server, reads the file, and parses the results into a CSV format. An OS Measure Report (labeled BIRDS NEST Measure Report) is generated that displays the data from the CSV file as a set of tables and graphs. The report is viewable in the OS Results tab as shown in Figure 2‑3.
[image: ]
[bookmark: _Ref491351169][bookmark: _Toc491419301][bookmark: _Toc509318282]Figure 2‑3 OpenStudio Measure BIRDS Report
[bookmark: _Toc491419426][bookmark: _Toc509318406]Information Exchange Format
The ability to exchange information between OS and BIRDS NEST requires common definitions and value restrictions of each input and output parameter to successfully associate information about the OS model and E+ results with the LCIA calculations. Even though OS Measures are written using Ruby and BIRDS NEST is written in Python, it is possible to transfer information seamlessly between the two using a library of enumerations for each of the input and output parameters created using Protocol Buffers, which are a language-neutral, platform-neutral extensible mechanism for serializing structured data and referred to as “Protobuf.” Each input file is initially tested to ensure the values in the input file generated by OS are consistent with enumerations defined in Protobuf. Note that the use of Protobuf generalizes the input file to a common format for submitting to BIRDS NEST. A general format allows not just OS, but any software tool to submit an input file to the API to generate LCIA results for a building design if it is submitted consistent with the Protobuf enumeration library and includes values for all required information.
[bookmark: _Toc491419427][bookmark: _Toc509318407]BIRDS NEST OS Measure
The BIRDS NEST Measure requires a combination of automated input extraction from the OS model (e.g. conditioned floor area, perimeter, wall construction and insulation levels) and E+ results (e.g. electricity and natural gas consumption) and user inputs that are either not defined or cannot currently be identified within the OS model (e.g. study period, environmental impact weighting, heating, ventilation, and air conditioning (HVAC) equipment types). A complete list of parameter values is listed in Table 2‑1. Each of these input types are discussed in greater detail in the appropriate subsection below.
[bookmark: _Ref491351194][bookmark: _Toc491419272][bookmark: _Toc509318251]Table 2‑1  OpenStudio Measure Parameter Values
	Building Geometry & Envelope Construction
	Building Equipment & Operation
	User-Specified

	Number of Stories
	Lighting Wattage
	Building Category

	Conditioned Floor Area
	Daylighting Controls
	Building Type

	Exterior Wall Area
	HVAC Coil Specifications
	Construction Quality

	Window Area
	Solar Photovoltaic
	Location

	Window Specifications
	Domestic Hot Water Heater
	Lighting Technology

	Infiltration ACH
	Solar Thermal System
	Foundation Characteristics

	Wall Construction Assembly
	Electricity Consumption
	Primary HVAC Type

	Attic Construction Assembly
	Natural Gas Consumption
	Secondary HVAC Type

	Foundation Type
	Electricity Production
	Study Period

	
	
	Environmental Weighting

	
	
	Environmental Allocation



[bookmark: _Toc491419428][bookmark: _Toc509318408]Automated Input Extraction
The automated input values that are extracted by the BIRDS NEST Measure includes building characteristics from the OS file and annual building operational performance from the E+ results file as shown in Table 2‑2. The geometry parameter values include the number of stories and conditioned floor area by story. Construction assembly information includes window specifications, exterior wall assembly materials, and attic construction assembly materials as well as the area of each. The equipment parameters include the lighting wattage and daylighting controls, cooling, and heating space and water coil specifications, and solar thermal and solar photovoltaic systems. The operational parameters include consumption by fuel source and electricity production.
Given current limitations within OS, several of these values cannot currently be extracted from the OS model, E+ model, or E+ results. The current electricity generation capacity in the OS Results Report is incorrect. Therefore, the solar photovoltaic system capacity is currently being estimated using available information from the Solar PV E+ Measure included in the base model. Also, the perimeter for a slab foundation cannot be estimated using the current BIRDS NEST Measure.
[bookmark: _Ref491351201][bookmark: _Toc491419273][bookmark: _Toc509318252]Table 2‑2  OpenStudio Measure Parameter Values – Automated Extraction
	Geometry and Construction Parameters
	Equipment Parameters
	Operational Parameters

	Number of Stories
	Lighting Wattage
	Electricity Consumption

	Conditioned Floor Area
	Daylighting Controls
	Natural Gas Consumption

	Foundation Type
	HVAC Coil Specifications
	Electricity Production

	Window Area and Specifications
	Solar Photovoltaic
	

	Exterior Wall Construction Area and Assembly
	Domestic Hot Water Heater
	

	Attic Construction and Area Assembly
	Solar Thermal System
	



[bookmark: _Toc491419429][bookmark: _Toc509318409]User Input Selection
Although it is possible to extract a large amount of information from the OS and E+ files, there remain parameter values that cannot currently be extracted from the model. The user input values shown in Table 2‑3 are related to building characteristics but are not currently extractable include the building category, building type, quality of construction, building location, lighting technology, foundation characteristics, and HVAC system types. A user’s preferences are also required for the study period, environmental weighting approach, and environmental allocation method.
[bookmark: _Ref491351244][bookmark: _Toc491419274][bookmark: _Toc509318253]Table 2‑3  OpenStudio Measure Parameter Values – User-Specified
	Unidentifiable Parameters
	User Preference Parameters

	Building Category
	Study Period

	Building Type
	Environmental Weighting

	Construction Quality
	Environmental Allocation

	Location
	

	Lighting Technology
	

	Foundation Characteristics
	

	Primary HVAC Type
	

	Secondary HVAC Type
	



[bookmark: _Toc491419430][bookmark: _Toc509318410]BIRDS NEST API
BIRDS NEST was developed based on the same framework and building component options used in developing the BIRDS Low-Energy Residential Database as well as additional options to account for alternatives not yet included in BIRDS. The API completes a closest match to the input values from the JSON input file generated by OS using the building envelope and building system options described in following subsections.
[bookmark: _Toc491419431][bookmark: _Toc509318411]Baseline Building 
LCIAs for the baseline building are estimated for both its initial construction and maintenance and repairs over the study period. The baseline building construction is estimated using the following building characteristics: building type, number of stories, finished floor area, wall construction, foundation construction, and construction quality. Options for each of these characteristics is shown in Table 2‑4. The baseline maintenance and repair LCIAs are estimated based on the year of operation and the finished floor area of the building.
[bookmark: _Ref491351264][bookmark: _Toc491419275][bookmark: _Toc509318254]Table 2‑4  Baseline Building Characteristic Options
	Characteristic
	Options

	Building Type
	Single-Family Dwelling

	Stories
	1
	2

	Finished Floor Area
	Continuous Function

	Wall
	Wood
	Brick
	Stucco
	Masonry

	Foundation
	Slab/Crawlspace
	Basement-Finished
	Basement-Unfinished

	Quality
	Average
	Custom
	Luxury



[bookmark: _Toc445898251][bookmark: _Toc491419432][bookmark: _Toc509318412]Building Envelope Component Options
The building envelope accounts for 5 of the 10 building components that are evaluated by BIRDS NEST. The thermal performance of the wall, attic, and foundation assemblies is changed by altering the materials in those assemblies, such as framing and insulation. Currently OS can only obtain the necessary information for the envelope assemblies by using material “standards categories” and associated characteristics based on terminology from OS’s “CEC 2013 Enumerations.” BIRDS NEST users should be careful in selecting assemblies that match the available categories in OS.
Table 2‑5 shows the 70 wall assemblies for which LCIA estimates are calculated across four wall structure types based on requirements across editions of International Energy Conservation Code (IECC) (ICC 2006, 2009, 2012, 2015) and additional options included in the BIRDS Low-Energy Residential Database: wood-framed (11), mass concrete (16), mass CME (16), and steel-framed (27). The wood-framed assembly options include combinations of framing, cavity insulation, and exterior wall insulation. The mass wall assemblies assume the use of the same options that include cavity insulation, interior rigid insulation, or exterior insulation. The steel-framed assemblies include combinations of cavity and exterior rigid insulation.
[bookmark: _Ref491351293][bookmark: _Toc491419276][bookmark: _Toc509318255]Table 2‑5  Wall Assembly Options
	Wood
	
	
	
	Mass
	
	
	
	Steel
	

	OC
	Thickness
	Cavity R
	Ext. Rigid R
	
	Cavity R
	Int. Rigid R
	Ext. Rigid R
	
	Cavity R
	Ext. Rigid R

	16
	4
	13
	0
	
	 
	 
	3
	
	0
	9.3

	16
	4
	13
	5
	
	 
	 
	4
	
	0
	10

	16
	4
	13
	10
	
	 
	 
	5
	
	0
	14

	16
	4
	19
	0
	
	 
	 
	8
	
	13
	4.2

	16
	4
	21
	0
	
	 
	 
	13
	
	13
	5

	24
	6
	20
	0
	
	 
	 
	15
	
	13
	8.9

	24
	6
	21
	0
	
	 
	 
	19
	
	13
	9

	24
	6
	20
	5
	
	 
	4
	 
	
	13
	10

	24
	6
	20
	10
	
	 
	6
	 
	
	13
	12.7

	24
	6
	20
	12
	
	 
	8
	 
	
	15
	3.8

	24
	6
	20
	24
	
	 
	10
	 
	
	15
	4

	1 R (ft2 °F hr/Btu) = 0.176 RSI (m2 °K/W)
	
	13
	 
	 
	
	15
	8.5

	1 in = 2.54 cm 
	
	13
	4
	 
	
	15
	12.3

	
	
	
	
	
	19
	 
	 
	
	19
	2.1

	
	
	
	
	
	20
	 
	 
	
	19
	6.2

	
	
	
	
	
	21
	 
	 
	
	19
	7.8

	
	
	
	
	
	
	
	
	
	19
	8

	
	
	
	
	
	
	
	
	
	19
	9

	
	
	
	
	
	
	
	
	
	19
	11.6

	
	
	
	
	
	
	
	
	
	21
	2.8

	
	
	
	
	
	
	
	
	
	21
	3

	
	
	
	
	
	
	
	
	
	21
	3.1

	
	
	
	
	
	
	
	
	
	21
	7.5

	
	
	
	
	
	
	
	
	
	21
	11.3

	
	
	
	
	
	
	
	
	
	25
	7

	
	
	
	
	
	
	
	
	
	25
	8

	
	
	
	
	
	
	
	
	
	25
	10.9



Foundations can include floor, slab, and/or wall insulation depending on the assembly. The 11 foundation floor/slab alternatives shown in Table 2‑6 include three foundation types (basement, crawlspace, and slab) and floor/slab insulation based on requirements in editions of IECC (ICC 2006, 2009, 2012, 2015) and additional options included in the BIRDS Low-Energy Residential Database. A slab foundation includes three options based on the insulation value and depth of installation. The crawlspace assemblies include a combination of both floor and wall insulation levels using rigid insulation for the wall and fiberglass batt insulation for the floor. The basement assemblies include a combination of two foundation slab insulation and six foundation wall insulation options.
[bookmark: _Ref491351361][bookmark: _Toc491419277][bookmark: _Toc509318256]Table 2‑6  Foundation Assembly Options
	Wall
	Rigid R
	
	Floor/Slab
	R-value
	Depth

	Basement
	0
	
	Basement
	0
	NA

	
	5
	
	
	10
	NA

	
	8
	
	Crawlspace
	13
	NA

	
	10
	
	
	19
	NA

	
	15
	
	
	30
	NA

	
	22
	
	
	38
	NA

	Crawlspace
	0
	
	Slab
	0
	0

	
	5
	
	
	10
	2

	
	10
	
	
	10
	4

	Slab
	0
	
	
	
	



The 14 attic assemblies shown in Table 2‑7 include two framing types (wood and steel) and two locations for insulation installation (attic floor assembly and roof assembly). Insulation on the attic floor is assumed to be blown-in cellulose while insulation in the roof assembly includes a combination of cellulose in the rafters and exterior rigid insulation. Insulation levels are based on requirements in editions of IECC (ICC 2006, 2009, 2012, 2015) and other options included in the BIRDS Low-Energy Residential Database.
[bookmark: _Ref491351387][bookmark: _Toc491419278][bookmark: _Toc509318257]Table 2‑7  Attic Assembly Options
	Insulation
	Ceiling R
	Cavity R
	Rigid R

	Attic Floor
	30
	0
	0

	
	38
	0
	0

	
	49
	0
	0

	Roof
	0
	45
	5

	
	0
	45
	16

	
	0
	45
	32



The building envelope air leakage rates (7.0 ACH50, 3.0 ACH50, and 0.63 ACH50) shown in Table 2‑8 are based on rates defined in editions of IECC (ICC 2006, 2009, 2012, 2015) as well as the performance of the NZERTF based on air changes per hour estimated using a blower door test at 50 Pa (ACH50). Table 2‑8 shows the materials used in estimating the LCIAs for decreasing the air leakage rates.
[bookmark: _Ref444003825][bookmark: _Toc491419279][bookmark: _Toc509318258]Table 2‑8  Air Leakage Rate Options
	ACHNAT
	ACH50
	Method(s)

	> 0.35
	7.00
	Envelope Sealant

	
	

	< 0.15
	3.00
	Envelope Sealant

	Envelope Sealant

	

	NZERTF
	0.63
	Envelope Sealant

	Air Barrier
	Spray Foam in Joists



The 19 window assemblies shown in are based on LCIAs for double hung windows that meet or exceed the window specifications defined in editions of the IECC (ICC 2006, 2009, 2012, 2015) and additional options included in the BIRDS Low-Energy Residential Database as shown in Table 2‑9.
[bookmark: _Ref446948655][bookmark: _Toc491419280][bookmark: _Toc509318259]Table 2‑9  Window Assembly Options
	U-Value
	SHGC

	NR
	0.25

	1.2
	0.3

	0.75
	0.4

	0.65
	NR

	0.65
	0.4

	0.65
	0.3

	0.5
	NR

	0.5
	0.3

	0.45
	0.6

	0.4
	NR

	0.4
	0.6

	0.4
	0.25

	0.35
	NR

	0.35
	0.6

	0.35
	0.4

	0.35
	0.25

	0.32
	NR

	0.32
	0.55

	0.2
	0.25

	1 Btu /ft2∙⁰F∙h = 5.69 W/m2∙K



[bookmark: _Ref444151439][bookmark: _Toc491419433][bookmark: _Toc509318413]Building System Component Options
The building systems account for 5 building components that can be varied within the BIRDS NEST, four of which use a relatively straight forward approach to match to LCIA data as shown in Table 2‑10. For the lighting system, any combination of incandescents, CFLs, LFs, LEDs, and metal halide can be evaluated based on converting the fraction of wattage to total wattage for each bulb type. Linear fluorescents are assumed to be equivalent to CFLs on a per watt basis. The domestic hot water (DHW) system includes four water heater alternatives and a solar thermal system. The solar PV system is calculated on a continuous basis per installed watt.
[bookmark: _Ref491351426][bookmark: _Toc491419281][bookmark: _Toc509318260]Table 2‑10  Lighting and DHW Options
	System
	Options

	Lighting
	Metal Halide
	Incandescents
	CFL/LF
	LED

	Storage Water Heater
	Electric (0.90)
	Electric (0.95)
	Gas
	Heat Pump

	Solar Thermal
	None
	2 panel; 80 gal. tank

	Solar PV
	Continuous Per Watt



The HVAC equipment options are more complicated due to the need to complete a best match on the type, capacity, and efficiency of the heating and cooling equipment as well as the type, if any, of mechanical ventilation. The ductwork for the heating and cooling system is assumed to be incorporated into the baseline building LCIA estimates. The BIRDS NEST Residential LCIA API currently assumes that there can only be one heating, one cooling, and one mechanical ventilation option that match the system the user selected within the OS Measure. The first item in the input file that matches the expected item type (e.g. heating coil) for each will be used while other coils of that same type or any unmatched type will be ignored.
The HVAC system types are shown in Table 2‑11, each of which is matched to the closest of 6 capacity values ranging from 1.0 tons to 5.0 tons and a minimum of two efficiency levels for both heating and cooling. Mechanical ventilation options include no ventilation, dedicated outdoor air (through heating and cooling ductwork), and a separate outdoor air system with a heat recovery ventilator (HRV).
[bookmark: _Ref491351437][bookmark: _Toc491419282][bookmark: _Toc509318261]Table 2‑11  Heating and Cooling Systems
	System
	Capacity (tons)
	SEER
	HSPF
	Efficiency

	AC Unit with Furnace – Electric
	1.5 to 5.0
	13 to 16
	
	0.98

	AC Unit with Furnace – Gas
	1.5 to 5.0
	13 to 16
	
	0.80 to 0.96

	Air-to-Air Heat Pump (Electric Back-Up)
	1.0 to 5.0
	13 to 16
	7.7 to 9.9
	0.98

	Air-to-Air Heat Pump (Gas Back-Up)
	1.0 to 5.0
	13 to 16
	7.7 to 9.9
	0.80 to 0.96

	Water-to-Air Heat Pump
	Not Yet Available
	
	
	

	1 Btu /ft2∙⁰F∙h = 5.69 W/m2∙K
SEER = seasonal energy efficiency ratio
HSPF = heating seasonal performance factor



[bookmark: _Toc491419434][bookmark: _Toc509318414]Building Performance 
The building performance is currently evaluated using the estimated annual energy consumption (electricity and natural gas) and production (electricity) from the E+ simulation results. The net annual electricity consumption is used to estimate the net LCIA for electricity based on the source emissions rates for the user-specified location. Annual Solar PV performance degradation is assumed to be 0.5 % of total electricity production. The natural gas source emissions rate is constant across locations because the emissions from burning natural gas are the same regardless of the location.
[bookmark: _Toc509318415]Current Limitations and Known Errors
This subsection informs BIRDS NEST users of its current limitations and known errors at the time of this manuscript’s publication. A working document named “BIRDS NEST Known Issues.docx” will be included with the BIRDS NEST Measure to allow for NIST to be responsible to additional issues identified without the need to update this tutorial.
Known Limitations:

Known Errors:
If you have a mismatch between the BIRDS NEST Measure for the HVAC or foundation with what is in the OS model, then it will “Fail” without a reported warning.
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The use case that is the basis for this tutorial uses an OSM model based on the initial demonstration phase of the NIST NZERTF. The initial goal of the NZERTF (an American Recovery and Reinvestment Act (ARRA) funded construction project) was to demonstrate that a net‑zero energy residential design could “look and feel” like a typical home in the Gaithersburg area. The demonstration phase of the project was from July 2013 through June 2014, during which it successfully demonstrated the house performed at “net zero,” or produced as much electricity as it consumed over the entire year.
Throughout the construction and demonstration phases of the project, it was necessary to model the predicted performance of the NZERTF to ensure net-zero performance would be obtained. Additionally, development of a validated model, using in-situ performance measurements during the demonstration phase assists in leveraging the experimental data with simulation modeling to complete evaluations which are physically and/or financially difficult to complete experimentally, such as changing the insulation levels in the wall assemblies to estimate the incremental energy savings from the additional thermal performance. 
Such a detailed, validated model is an ideal basis for developing an example within OS for use cases in testing BIRDS NEST. The OSM model created for the NIST NZERTF replicated, to the greatest extent possible with OS’s current capabilities, the validated E+ model. This chapter will summarize the assumptions in the validated E+ model, identify any discrepancies between the E+ and OSM model, and walk the user through the process of running the OSM model, generating the LCIA results using BIRDS NEST, and viewing those results within OS.
[bookmark: _Toc509318417]EnergyPlus Model
The EnergyPlus (E+) 8.8 software was chosen to simulate the whole-building energy performance (U.S. Department of Energy (DOE) 2017). The general assumptions required by E+ are described in detail in Kneifel (2012). Kneifel et al. (2015) documents the validated model for the NZERTF based on the measured performance of the facility over the initial year of demonstration (July 2013 through June 2014), which is the basis for the BIRDS Low-Energy Residential Database. This section will summarize the development of the NZERTF E+ model. For additional details on the E+ modeling effort, please see Kneifel (2012) and Kneifel et al. (2015).
[bookmark: _Toc442784572][bookmark: _Ref444609123][bookmark: _Ref444609137][bookmark: _Ref444609152][bookmark: _Ref444609153][bookmark: _Toc509318418]Geometry and Building Envelope
The building dimensions specified by BSC (2009) along with the architectural massing model and image of the constructed NZERTF shown in Figure 3‑1, were used along with Google SketchUp and National Renewable Energy Laboratory’s (NREL) Legacy Open Studio plug-in to construct the building geometry of the NZERTF.
[image: 2010-02-01 NIST Site Model Front View][image: 2012_MD_NIST_Exterior_front_right_1200x843 copy]
[bookmark: _Ref444601682][bookmark: _Toc442785352][bookmark: _Toc509318283]Figure 3‑1  BSC Architectural Massing Model and NZERTF as Built
Figure 3‑2 shows the Google SketchUp three-dimensional geometry of the E+ model for the NZERTF. The model includes seven separate zones with three actively conditioned zones (1st floor, 2nd floor, and basement), three inactively conditioned zones – a.k.a. within the conditioned space without ductwork to the space (open web joist space between the 1st and 2nd floors, main attic, and living room attic) –, and one unconditioned zone (patio). The front porch and detached garage with the covered walkway are all treated as shading surfaces, which block sunlight but do not impact the thermal performance of the building envelope.
[image: ]
[bookmark: _Ref444601710][bookmark: _Toc442785353][bookmark: _Toc509318284]Figure 3‑2  Google SketchUp 3-D Representation of the E+ Model
The E+ parameters for the materials used in the exterior envelope (excluding the roof) are estimated using an average transmittance with the surface-weighted path fractions. In other words, using a simple weighted average of parameter values based on the percentage of framing in the surface. The roof controls for varying materials by splitting the roof into two separate surfaces. The NZERTF was constructed using an advanced framing technique that leads to less overall framing and, therefore, less thermal transfer through the exterior surfaces.
Table 3‑1 shows the characteristics of each of the building envelope components: framing, wall assembly, roof assembly, basement/foundation assemblies, fenestration (e.g. windows), and air leakage rate (or “air tightness”). The NZERTF used “advanced framing,” which uses 5.1 cm x 15.2 cm (2 in x 6 in) 61.0 cm (24 in) on center (OC) framing instead of the common practice or “typical,” of 5.1 cm x 10.2 cm (2 in x 4 in) 40.6 cm (16 in) OC framing (Lstiburek 2010). The thicker framing allows for greater levels of insulation within the wall cavity while decreasing the amount of wood required for framing the house, making it easier to increase the thermal performance of the building envelope. The basement assemblies include RSI-3.9 (R-22) of rigid insulation on the basement wall and R‑10 rigid insulation under the basement slab. The attic construction includes cellulose insulation in the rafter cavity (RSI-7.9 (R-45)) and RSI-5.3 (R-30) of continuous rigid insulation to the exterior roof, which is different than the typical approach of a naturally vented attic with blown-in cellulose insulation on the attic floor. The fenestration (windows) are assumed to have the following performance characteristics: U-factor of 1.14 W/m2-K (0.20 Btu/h·ft2-F), Solar Heat Gain Coefficient (SHGC) of 0.25, and Visible Transmittance (VT) of 0.40. Blower door tests of the NZERTF measured an air exchange rate of 0.223 m3/s (470 cfm) or 0.63 air changes per hour at 50 Pa (ACH50), which has been converted to an effective leakage area (ELA) of 253.5 cm2 (ASHRAE (2012)).
[bookmark: _Ref444591898][bookmark: _Toc442785372][bookmark: _Toc509318262]Table 3‑1  Constructions – Roof, Ceiling, Wall and Foundation
	Building Envelope Component
	Characteristic
	Value

	Wall Assembly
	Framing
	Advanced Framing

	
	Cavity Insulation
	RSI-3.5 (R-20)

	
	Exterior Rigid Insulation
	RSI-4.2 (R-24)

	Attic Assembly
	Rafter Cavity Insulation
	RSI-7.9 (R-45)

	
	Exterior Roof Rigid Insulation
	RSI-5.3 (R-30)

	Basement
	Wall
	RSI-3.9 (R-22)

	
	Slab
	RSI-1.8 (R-10)

	Windows
	U-factor - W/m2-K (Btu/h·ft2-F)
	1.14 (0.20)

	
	SHGC
	0.25

	
	VT
	0.40

	Air Leakage
	1st Floor
	132.6

	(Effective Leakage Area)
	2nd Floor
	120.9



[bookmark: _Toc442784573][bookmark: _Toc509318419]Occupancy, Lighting, and Plug Loads
A family of four – two parents and two children (14 years old and 8 years old) – is the assumed occupancy for the NZERTF. The assumed occupant activity levels and the resulting sensible and latent heat gains shown in Table 3‑2 are based on Hendron and Engebrecht (2010) and Omar and Bushby (2013). The loads are assumed to be a constant 115 W, which should be representative of the occupancy impacts, on average.
[bookmark: _Ref444598961][bookmark: _Toc442785375][bookmark: _Toc509318263]Table 3‑2  Occupant Activity Level
	Occupant
Internal Load
	Watts

	
	1st Floor
	2nd Floor

	Sensible
	70.15
	70.15

	Latent
	44.85
	44.85

	Total
	115.00
	115.00



Occupancy schedules for each of the four family members are based on a meticulously detailed seven-day narrative defined in Omar and Bushby (2013). Figure 3‑3 condenses the occupancy schedules to create an occupancy density (number of occupants) in the NZERTF by hour of each day of the week. For greater detail, see Omar and Bushby (2013), Kneifel (2012), and Kneifel, Payne et al. (2015). 
[image: ]
[bookmark: _Ref444598972][bookmark: _Toc442785354][bookmark: _Toc509318285]Figure 3‑3  Occupancy Density
Electricity use and internal loads from interior lighting are estimated based on Omar and Bushby (2013). Rooms on each floor are aggregated and simulated by thermal zone (1st and 2nd floors). The sum of lighting wattage by floor is shown in Table 3‑3. The predicted (428 kWh) and measured performance (435 kWh) from the initial demonstration phase of the NZERTF as nearly identical (Kneifel, Payne et al. 2015).
[bookmark: _Ref446946542][bookmark: _Toc442785376][bookmark: _Toc509318264]Table 3‑3  Lighting Total Wattage by Floor
	Floor
	Watts

	1st
	80

	2nd
	83



Only some of the rooms in the conditioned space are assumed occupied during the narrative. For example, lights in the office, hallways, and unfinished basement are never turned on. Based on the narrative, the use of these areas should be minimal (i.e., a few seconds at a time). Exterior lighting for the patio, garage, and the outdoor lights has been excluded. Garage and exterior lighting are not of a major concern because the lighting does not impact the thermal load of the NZERTF, and would only slightly increase electricity use if included in the model.
[bookmark: _Toc444591921]Plug loads are attributed to large appliances and any miscellaneous electrical loads (MELs), such as televisions, computers, hair dryers, etc., i.e., not space conditioning or water heating equipment. The detailed narrative defined in Omar and Bushby (2013) led to the plug load assumptions made in (Kneifel, Payne et al. 2015), leading to the predicted consumption from plug loads (4231 kWh) to be close to the measured consumption (4307 kWh).
[bookmark: _Toc444591923][bookmark: _Toc509318420]HVAC
All aspects of an HVAC system and the indoor environmental conditions that the system must maintain must be specified within the E+ representation of the building model, including the thermostat setpoints, ventilation rates, humidity controls, and HVAC equipment specifications. Each of these variables is defined in this section.
The thermostat setpoints are based on those used during the initial demonstration phase (Phase I) of the NZERTF (Kneifel, Payne et al. 2015), which assume 21.9 °C (70.0 °F) for heating and 23.9 °C (75.0 °F) for cooling. Heating and cooling are both made available year-round. The HVAC system includes dehumidification control, which operates when the relative humidity level rises above 50 %. 
The NZERTF includes a heat recovery ventilator (HRV) with its own dedicated ductwork independent of the heating and cooling equipment. The HRV transfers heat between the exhaust air and supply air to decrease the heating and cooling load impact of the ventilation air. The HRV is the sole source of mechanical ventilation and operates year-round, 24 hours a day. The effectiveness of the HRV varies by the air flow rate and temperature differences across the heat exchange core, but is assumed to be the same for heating and cooling in the E+ model. Exhaust air recirculation is used to control for frost. The outdoor air flow rate for the HRV system was set to the actual operating conditions from Phase I of the NZERTF demonstration, which is 27 % higher than that required by ASHRAE 62.2 at 0.04956 m3/s (49.6 L/s or 105 CFM). The E+ software does not allow more than one whole-house air loop, which forces the splitting of the HRV system into two zone-level HRV systems. The same volume-based approach as in the standard efficiency HVAC system is used to allocate the air flow rates through each zone level HRV: 0.02592 m3/s (54.9 CFM) for the 1st floor and 0.02364 m3/s (23.6 L/s or 50.1 CFM) for the 2nd floor. For more information on the HRV system, see Kneifel, Payne et al. (2015).
Figure 3‑4 shows the HVAC system modeled in the E+ simulation, which includes a multispeed air-to-air heat pump with a rating of SEER 16.5 for cooling mode, HSPF 9.1 for heating mode, and a dehumidification-only mode to maintain humidity below the 50 % maximum level. As described previously, the NZERTF system utilizes a separate HRV system.
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[bookmark: _Ref444599222][bookmark: _Toc442785356][bookmark: _Toc509318286]Figure 3‑4  HVAC System Layout
The version of E+ used for these simulations does not provide a multispeed air-to-air heat pump model that can run in dehumidification-only mode, requiring modeling of separate equipment as shown in Figure 3‑4(b) to dehumidify the occupied space. The dehumidifiers remove humidity directly from the zone. Both system options have an electric resistance heating element with an efficiency of 0.98 to supplement the heat pump when the heat pump cannot meet the heating loads. For more detail on the NZERTF HVAC system including information on zone sizing, coils, dehumidifiers, HRV, and HVAC fans, see Kneifel (2012) and Kneifel, Payne et al. (2015).
[bookmark: _Ref444609183][bookmark: _Toc509318421]Domestic Hot Water
The DHW system simulated in the model is shown in Figure 3‑5. It is a two-tank system located in the basement of the home, with two solar thermal panels located over the front porch providing water for indirect heating a 303 L (80 gal) storage tank and an air-to-water heat pump downstream of the storage tank. The closed-loop solar thermal system uses a 50/50 water/glycol mix. The heat pump (rated COP of 2.36) draws water from the storage tank and further heats the water if necessary to meet the target exit temperature. There is an auxiliary heating element in the 189 L (50 gal) heat pump water heater tank that assists the heat pump if the heat pump cannot reach the target setpoint. For additional details on the DHW system components including assumed parameters for tanks, solar collectors, heat exchanger, and coils, see Kneifel (2012) and Kneifel, Payne et al. (2015).
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[bookmark: _Ref444588980][bookmark: _Toc442785357][bookmark: _Toc509318287]Figure 3‑5  Domestic Hot Water Heating System - Heat Pump Water Heater with Solar Thermal
There are five categories of DHW end use in the NZERTF: bath, shower, sinks, dishwasher, and clothes washer. The load profiles are based on the detailed schedule defined in Omar and Bushby (2013) and implemented in Kneifel, Payne et al. (2015). 
[bookmark: _Toc447000643][bookmark: _Toc509318422]Solar Photovoltaics
The 10.2 kWh solar PV system is based on the system installed on the NZERTF, which includes 4 horizontal rows of eight 320 W panels with two inverters. For additional details on the solar photovoltaic system, see Kneifel (2012) and Kneifel, Payne et al. (2015).
[bookmark: _Toc509318423]Discrepancies between E+ and OSM Model
Although OS is more user-friendly than E+ in developing a building model and has made continuous improvements to its functionality, OS 2.4 is limited relative to E+ in terms of the modeling capabilities and cannot convert building systems when importing an E+ file. When the validated E+ model was imported into OS the building geometry, building envelope, interior equipment and lighting, and occupancy and operational schedules converted successfully. However, the building systems had to be recreated to the best extent feasible with the limited options available in the current version of OS. The discrepancies between the validated E+ model and the OSM model used in this tutorial are described in the remainder of this section.
[bookmark: _Toc509318424]Heating, Ventilation, and Air Conditioning (HVAC)
The entire HVAC system was rebuilt within OS using a combination of an HVAC air loop in the “HVAC Systems” tab labeled “Air Loop HVAC 2” and zone-level equipment to handle the dedicated outdoor air system with heat recovery. A unitary system air loop (OS:AirLoopHVAC:UnitarySystem) was developed that actively conditioned the 1st floor and 2nd floor using a heat pump with dehumidification control and outdoor air capabilities (labeled “Unitary - DX Heat Pump (Two Speed cooling) - Cycling - Elec reheat”). However, the inability to model a dehumidification only mode and the independent nature of the dedicated outdoor air with HRV system in the NZERTF makes it preferable (for now) to model the HRV and dehumidification using zone-level equipment as in the E+ model. Therefore, the dehumidification control is turned off and the outdoor air flow rate is set to zero.
The key difference between the OS and E+ models is that the template within OS includes a single-speed heating coil while the E+ model includes a multi-speed heating coil. However, the relative efficiency difference between the two speeds is minimal and is not expected to have a noticeable difference in the resulting energy consumption. 
There are alternative approaches to model both the mechanical ventilation with energy recovery and the dehumidification. There is an OS Measure available that will add an energy recovery ventilator to the air handler of an HVAC system, and could be used as an alternative to the zone-level equipment. A dehumidification mode could be modeled by defining each coil of the HVAC system instead of using the unitary system template. For this tutorial, the benefit of the more accurate model is not considered as important as elimination of the complexities of system development because the focus is on the BIRDS NEST Measure and not the energy modeling results.
[bookmark: _Toc509318425]Domestic Hot Water
The entire DHW system was rebuilt within OS using the “HVAC Systems” tab and two plant loops labeled the “Hot Water Heating Loop” for the demand side loop containing the two water heater tanks and “Plant Loop 1” for the sources side loop containing the solar thermal collectors and pump. Additionally, the heat pump water heater was introduced as zone equipment and connected to the heat pump water heater tank.
The DHW system capabilities were recently expanded in the current version of OS, but are still limited. There is no drag-and-drop “differential thermostat” or “availability manager list” objects in OS, leading to the solar thermal pump operating 100 % of the time. Additionally, the tank defined in the heat pump water heater zone equipment cannot be directly matched to the tank on the demand side plant loop, leading to the heat pump water heater maintaining the conditions in a separate water heater tank (not connected to a plant loop) while the electric resistance element maintaining the target temperature on the demand-side plant loop. As a result, some manual post-processing as summarized below was required to replicate the E+ modeled system:
(1) Open the OSM file in a text editor
(2) Add objects for the differential thermostat, high temperature turn-off availability manager, and an availability manager list to the model, and the availability manager list is added as the availability manager list name parameter in the plant loop object. (Note that the actual node name had to be used, which then gets automatically updated to the node handles once the file is opened and saved. Using the handle initially led to the OSM model failing to open.)
(3) Remove the storage tank associated with the heater pump water heater zone equipment object and change connections for the heat pump water heater and the storage tank (source side) to match.
(4) Save and open the OSM file in OS
Although not noticeable from within OS, the solar thermal pump will now operate based on the temperature differential and high temperature turn-off controls as is defined in the E+ model. The other two availability manager (night cycle turn-off) is not currently included in the OS model. The tank associated with heat pump water heater will now be connected to the plant loop. If a parameter value for the tank is updated on the plant loop screen, it will be automatically changed in the zone equipment screen and visa versa.
Defining the water main temperature schedule is also required to accurately model the DHW system. OS requires the use of the “Set Site Water Mains Temperature” OS Measure using the values from the E+ model for the annual average outdoor air temperature (11.96 °C) and a maximum difference in monthly average outdoor air temperature of (26.9 °C).
[bookmark: _Toc509318426]Solar Photovoltaics
Due to the capability limitations of OS, the base use case model is missing the 10.2 kW solar PV system that allows the facility to reach its net-zero energy performance goal. There are two current Measures available in the Onsite Power Generation – Photovoltaic Measure subcategory that assist in adding solar PV to the model, each of which takes its own approach to adjust the OS model.
The first, named “Add Rooftop PV,” is a Measure that edits the OS model and requires restrictions on surface(s) to add solar PV, the fraction of the surface(s) covered by solar PV, the efficiency of the solar cells, and the inverter efficiency. The Measure is currently missing the restrictions on which surfaces to add solar PV, which leads to installation of solar PV on all roof surfaces. Therefore, it is not appropriate for use for the purposes of this application.
The second, named “Add Simple PV to Specified Shading Surfaces,” is a Measure that edits the E+ model by adding solar PV (using E+’s “Simple PV” objects) to all shading surfaces of a specific type (site, building, or space/zone). The user must input the shading surface type, fraction of the surfaces covered by solar PV, the efficiency of the solar cells, expected life, and cost data related to installation and maintenance. By including the E+ Measure, solar PV is added to all shading surfaces of the selected type, leading to solar PV covering the shading surfaces included for the solar PV system, solar thermal system, and every surface of the detached garage. Each surface is treated independent of the others, replicating a solar PV system with microinverters or numerous string inverters. 
The OS model has shading surfaces for the solar PV panels, solar thermal collectors, and all surfaces of the front porch, back porch, garage, breezeway, and overhangs. All shading surfaces were initially defined as “Building Shading.” Therefore, redefining these three groups as different shading surface types was required before applying this Measure. By using the SketchUp OS Plug-In, the shading surfaces were redefined as follows: “Site Shading” for PV panels and “Building Shading” for all other shading surfaces. 
As shown in Figure 3‑6, a new (site) shading group was created and then each solar PV panel shading surface was changed from the existing building shading group to the new site shading group (Figure 3‑6 (top)). By opening the newly updated OS model, the user can preview the model (Figure 3‑6 (center)). Using the same approach as with other Measure implementation, the solar PV Measure can be applied to the model once assuming an appropriate coverage estimate of the (site) shading surfaces with the solar cells (estimated gross coverage of actual solar panels is approximately 90 % as shown in Figure 3‑6 (bottom)). Since the solar PV is based on the shading surface, any changes to the orientation of the building will be automatically accounted for in the solar PV generation modeling.
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[bookmark: _Ref494095651][bookmark: _Toc509318288]Figure 3‑6 Solar Panels: SketchUp (top), OS Preview (center), OS Measure (bottom)
“Table L-1 –Renewable Energy Source Summary” from the LEED Summary Report includes both rated capacity of the solar PV system and the annual energy generated by the system, which is available in either the E+ Report or the OpenStudio Report if the OpenStudio Summary Report Measure is included in the model. These values are the necessary inputs for calculating the LCIAs for the solar PV system and its electricity generation. However, the rated capacity reported is not correct and cannot, therefore, currently be used for the LCIA estimates. NIST is reviewing this issue to identify the solution. Meanwhile, NIST has identified a potential temporary solution using an indirect approach from information available in the model.
In the case of both available Measures, the generation is based on coverage area and not wattage, it is not possible to directly extract the (correct) capacity of the solar PV system. Thus, the BIRDS NEST Measure reverse engineers the wattage of solar PV based on the aggregated surface area covered by solar PV and the efficiency of the panels. The assumed (average) efficiency parameter value can be used to estimate the rated W/m2 for solar PV using the formula of the rend line in Figure 3‑7, which if multiplied by the covered (gross) area of all the solar PV panels will give an estimate for the total capacity (watts) of the solar PV system (~m2 of Gross Coverage Area * (1000*Rated Efficiency)). Note these are based on minimal data points for two manufacturers, but the data appears robust with a nearly perfect linear fit assuming a zero intercept. Based on this formula, the total wattage estimate is 52.19 m2 * (1000 * 19.6 %) = 10.23 kW, which is within 0.1 % of the rated capacity of the actual system at 10.24 kW.

[bookmark: _Ref508028747][bookmark: _Toc509318289]Figure 3‑7 Solar PV Wattage Per Unit of Roof Area by Rated Panel Efficiency
[bookmark: _Toc509318427]OSM versus E+ Results
The simulation results in Table 3‑4 show that the OS model is estimating higher annual consumption of electricity driven primarily by the HVAC system. Both heating- (242 kWh) and cooling-related (225 kWh) electricity use are higher. These discrepancies between consumption projected by the validated E+ model and the OS model could be a result of minor differences in assumptions and parameter values within the OS model for those systems, such as performance curves and operational controls. The difference in production is a result of the approached used to model the solar PV system with the E+ model using the equivalent one-diode performance object and the OS model using the simplified performance object. These differences are not the focus of this tutorial and will not be analyzed further. Future modeling of the NZERTF will transition from modeling directly in E+ model to using an OS model, at which time the OS model will need to better match the E+ model.
[bookmark: _Ref494096349][bookmark: _Toc509318265]Table 3‑4  LCIA Results – Validated E+ Model versus Updated Use Case OS Model
	Impacts
	Model
	% Δ

	
	E+
	OS
	

	Total Energy 
	Consumption
	12 217
	12 664
	4 %

	Energy Consumption by Category
	Production
	15 471
	14 431
	-7 %

	
	Heating
	2553
	2792
	9 %

	
	Cooling
	2731
	2981
	9 %

	
	DHW
	861
	847
	-2 %

	
	Solar Pumps
	347
	347
	0 %

	
	Fans
	589
	564
	-4 %

	Run using Dulles Airport TMY3







[bookmark: _Toc509318428]Base Model Use Case
This tutorial is written under the assumption that the user has already registered, downloaded, installed and opened the most recent version of OS. From there, this example will walk the user through the following:
(1) finding and downloading the BIRDS NEST OS Measure
(2) opening the NZERTF example OSM model
(3) adding the BIRDS NEST OS Measure to the OSM model
(4) editing the OS Measure user inputs
(5) running the OS model
(6) viewing the results in the OS Measure Report
(7) viewing the results in the source CSV file
Each of these steps will be walked through in detail in the remainder of this section.
[bookmark: _Toc509318429]Download BIRDS NEST OS Measure
Once a user has opened OS, a user can download the BIRDS NEST Measure by selecting the “Components & Measures” drop down menu and selecting “Find Measures” (Figure 4‑1(top)), which opens the Online Building Component Library (BCL). The user can either type “BIRDS NEST” into the search box or select the “Reporting” category and “Troubleshooting” subcategory to find the BIRDS NEST Measure. The user should click the checkbox for “BIRDS NEST” and then hit the “Download” button as highlighted in Figure 4‑1 (bottom). The BIRDS NEST Measure should now to be downloaded to the user’s Measure Library.
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[bookmark: _Ref494095469][bookmark: _Toc509318290]Figure 4‑1 Download BIRDS NEST Measure (Placeholder Image)
If the BIRDS NEST Measure does not appear, then the user can log into the BCL website at https://bcl.nrel.gov/, search “BIRDS NEST” under Measures, click on check box by “NIST BIRDS Environmental Life Cycle Impact Assessment Report” (as shown in Figure X), click on “Download Selected” to download the measure, and once downloaded extract the folder to their OS Users folder (C:\Users\Username\OpenStudio\Measures). At which point the measure should be available in available measures from within OS.
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[bookmark: _Toc509318291]Figure 4‑2 Download BIRDS NEST Measure (Placeholder Image)
[bookmark: _Toc509318430]Open Example File
Once the BIRDS NEST Measure has been downloaded, a user can now open the base use case model (OS2_4 NZERTF-01 min (02_26_2018).osm) by accessing the BIRDS NEST Measure folder located under the users OpenStudio folder as shown in Figure 4‑3.
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[bookmark: _Ref494095517][bookmark: _Toc509318292]Figure 4‑3 Open Example File (Placeholder)
[bookmark: _Toc509318431]Add BIRDS NEST Measure to Example File
After opening “OS2_4 NZERTF-01 min (02_26_2018).osm,” a user can then add the BIRDS NEST Measure by going to the Measure tab in OS and drag-and-drop the BIRDS NEST Measure into the Reporting Measures to be applied to the OS model as shown in Figure 4‑4. If the Measure does not initial appear, click on “Sync Project Measures with Library” (green box in Figure 4‑4) to update your available measures. If the Measure still does not appear, click on the My Measures folder tab (blue box in Figure 4‑4) to ensure the Measure has been correctly placed in your OS User subfolder.
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[bookmark: _Ref494095528][bookmark: _Toc509318293]Figure 4‑4 Add Measure to Model
[bookmark: _Toc509318432]Edit Measure Inputs
Once the BIRDS NEST Measure has been added to the model, the user should review the default values a user must input by clicking on the Measure and edit any values based on the user’s preferences and the model details that cannot currently be automatically be extracted from the model as highlighted in Figure 4‑5.
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[bookmark: _Ref494095555][bookmark: _Toc509318294]Figure 4‑5 OpenStudio Measure - User Inputs
[bookmark: _Toc509318433]Run OS Model
After reviewing and/or changing the user inputs for the BIRDS NEST Measure to match the user’s building design and preferences, the user runs the OS model by clicking on the green button in the Run tab as highlighted in Figure 4‑6. Note that the model, including generation of the BIRDS NEST Report, takes approximately 50 minutes to run because the hot water draws require a 1-minute timestep. Changing the timestep in the simulation settings to a longer timestep will speed up the simulation, but will lead to missed water draws that will impact the DHW system performance and the associated energy consumption.
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[bookmark: _Ref494095543][bookmark: _Toc509318295]Figure 4‑6 Run OS Model
Running the model executes any OS Measure and the E+ simulation that generates annual performance data on the building (e.g. energy use, thermal comfort). After the E+ simulation has completed running (but before OS reports a completed run), information on the building characteristics and annual performance data are formatted into a JSON “input” file and sent to the BIRDS NEST. These files are available at the subfolder located where your OSM file is located. At which point, BIRDS NEST processed the input file and generates an output file that the BIRDS NEST Measure uses to generate a Measure Results Report and CSV file containing the results data. At which point, a “Completed” message will appear in the Run tab as shown in Figure 4‑7.
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[bookmark: _Ref494095585][bookmark: _Toc509318296]Figure 4‑7 Successful Run with Measure Completed
[bookmark: _Toc509318434]View BIRDS NEST OS Report
An OS Measure Report (labeled BIRDS NEST Measure Report) is generated that displays the key inputs and assumptions, links to related information, link to the CSV file of the LCIA results data, and a set of tables and graphs based on the data in the CSV file. The report is viewable in the OS Results tab as shown in Figure 4‑8 and Figure 4‑9.
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[bookmark: _Ref494095599][bookmark: _Toc509318297]Figure 4‑8 OpenStudio Measure BIRDS Report – Inputs and Assumptions
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[bookmark: _Ref494095610][bookmark: _Toc509318298]Figure 4‑9 OpenStudio Measure BIRDS Report – Links and Results
[bookmark: _Toc509318435]View BIRDS NEST CSV File
By clicking on the link in the BIRDS NEST Report or by going to the results subfolder for the NZERTF model (available in the same directory as the OS2_4 NZERTF-01 min (02_26_2018).osm file), the CSV file can be opened as a spreadsheet (e.g. Excel) – see Figure 4‑10. The ability to access the results in a csv format allows for post-processing of the data for one or more OS simulation runs. For example, a user may run a parametric analysis of a range of wall constructions. The LCIA results from each run can be compared by compiling all the results using a post-run script.
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[image: ]
[bookmark: _Ref494095622][bookmark: _Toc509318299]Figure 4‑10 BIRDS NEST CSV Results File


[bookmark: _Toc509318436]Use Case Alternatives
The alternative use cases covered in this chapter will not walk through the entire process of running an OS model with the BIRDS NEST Measure. Instead only the changes to the model, resulting BIRDS NEST input file, and the results will be discussed with supplemental tables and screenshots. Options for each building component related to the energy efficiency of the building as well as the user-defined inputs will be discussed relative to the base model. When deemed beneficial for the user, alternative use case files, portions of the input file, screen shots of OS, and tables of results will be included.
[bookmark: _Toc509318437]Alternative Building Envelope Components
BIRDS NEST can evaluate a range of building envelope component options, including different construction types and insulation levels of walls, roofs/ceilings, windows, and foundations. A user has three alternatives to changing the building envelope. First, a user can edit an existing “construction” that defines the materials used in an assembly. Second, a user can create a copy of the existing “construction,” rename and edit the “construction,” and change the “construction” used for each exterior wall surface. Third, a user could use an OS Measure to edit the model by replacing the existing construction with one or more alternative constructions. 
Each of these approaches has benefits and drawbacks. Editing an existing construction may be the easiest and quickest approach, but can be tedious and time consuming if additional changes or reverting to the original construction is required in the future. Creating a new construction allows a user to revert to the original version, but takes some additional time upfront because each surface that uses that construction must be updated manually. The development of a Measure is the most time consuming, but does not alter the original model and can allow for fast and flexible changes in the future, including parametric analysis. Each of these 3 approaches will be implemented in the discussion below regarding changing the wall, roof/ceiling, and window assemblies.
[bookmark: _Toc509318438]Exterior Wall Construction
Exterior wall construction options include the wall type (wood-framed, metal-framed, or mass), framing, and insulation. Changing the exterior wall requires changing the wall construction, either through replacing or editing the existing construction (“Exterior Wall Assembly”). The example alternative for this tutorial will edit the existing construction based on the NZERTF design through the removing of the 10.2 cm (4.0 in) of rigid insulation from the assembly by clicking on the “X” for both rigid insulation layers as highlighted in Figure 5‑1 (left). Since E+ requires a shared surface of two zones to have the same layers mirrored/adjacent in the two constructions, it is also necessary to remove the rigid insulation from the construction for the shared wall between the 2nd floor and the attic space above the living room area (“Small Attic West Wall Assembly” for that E+ zone) as shown in Figure 5‑1 (right).
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[bookmark: _Ref494095704][bookmark: _Toc509318300]Figure 5‑1 Edit Constructions for Exterior Walls and Adjacent Surfaces
The exterior wall assembly that remains includes R-19 of blown-in cellulose, which meets the minimum 2015 IECC requirements for a newly constructed home in Climate Zone 4. By removing the rigid insulation, the thermal performance of the exterior walls has been decreased, increasing the thermal load on the house and increasing the required energy consumption to maintain setpoint temperature as shown in Table 5‑1.
[bookmark: _Ref494096357][bookmark: _Toc509318266]Table 5‑1  LCIA Results – Decrease in Wall Insulation
	Impacts
	Model

	
	Base
	Decrease Wall Insulation

	Energy
	Consumption
	12 664
	14 403

	Environmental
	EIS
	12
	12

	Climate Change Potential (kg CO2 eq)
	Energy-Related
	-26 315
	1955

	
	MRR-Related
	62 340
	62 340

	
	Construction
	358 161
	303 794

	
	Total
	394 186
	368 088

	Note: Displaying Climate Change Potential as an example.



[bookmark: _Toc509318439]Roof/Ceiling Construction
BIRDS NEST can evaluate varying levels of insulation in an attic space, which could differ by insulation level and type as well as the location (attic floor or roof assembly). The current roof assembly is defined based on the NZERTF design, which includes cellulose in the rafters and 12.7 cm (5.0 in) of rigid insulation. A new construction can be created by creating a copy of the existing construction (“Roof Assembly”), renaming and editing the new construction, and then replacing the construction used in each roof surface. For this tutorial, the new construction (“Roof Assembly - Alternative”) will remove the 7.6 cm (3.0 in) of rigid insulation by clicking on the “X” for both layers of 3.8 cm (1.5 in) polyisocyanurate as shown in Figure 5‑2. 
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[bookmark: _Ref494095745][bookmark: _Toc509318301]Figure 5‑2 Edit Roof Construction
Updating the modeled performance requires updating the construction for each surface of the roof. Under the Spaces tab in OS, surfaces can be filtered to view only those in the “Building Story 4 - Attic/Roof,” which includes all 6 roof surfaces with “Roof Assembly” as their construction (see Figure 5‑3). After selecting all 6 surfaces by checking the box to the left of the surface name, drag-and-drop “Roof Assembly – Alternative” from “My Model – Constructions” onto the Construction for one of the roof surfaces. Then click on “Apply to Selected” under the Construction category, which will change the construction for all 6 surfaces. Now all surfaces for the roof have the new construction as shown in Figure 5‑3.
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[bookmark: _Ref494095756][bookmark: _Toc509318302]Figure 5‑3 Change Construction for Roof Surfaces
By removing some rigid insulation, the thermal performance of the exterior walls has been decreased, increasing the thermal load on the house and increasing the required energy consumption to maintain setpoint temperature as shown in Table 5‑2.
[bookmark: _Ref494096362][bookmark: _Toc509318267]Table 5‑2  LCIA Results – Decrease in Roof Insulation
	Impacts
	Model

	
	Base
	Decrease Roof Insulation

	Energy
	Consumption
	12 664
	12 764

	Environmental
	EIS
	12
	12

	Climate Change Potential (kg CO2 eq)
	Energy-Related
	-26 315
	-24 781

	
	MRR
	62 340
	62 340

	
	Construction
	358 161
	357 380

	
	Total
	394 186
	394 938

	Note: Displaying Climate Change Potential as an example.



[bookmark: _Toc509318440]Windows
The BIRDS NEST Measure can evaluate a range of windows based on their performance specifications (U-factor and SHGC). An OS Measure is available to replace exterior window constructions with another construction available in the OS model. Since there is currently only one windows construction, called “Exterior Window,” a new construction needs to be created before the Measure can be used to change the window specifications. The current window construction uses the “Simple Glazing System Window Material” object to define the lone “Material” in the “Construction.” Therefore, a new “Material” is required to create a new “Construction.” 
Both “constructions” and “materials” can be added in the “Constructions” tab of OS. Figure 5‑4 shows a new material that was created by selecting the “Baseline Windows” object, clicking the “X2” button to copy the object, and editing the name (“Alternative Windows”) and specifications to match the desired specifications (U-factor of 1.99 W/m2-K and SHGC = 0.35).
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[bookmark: _Ref494095775][bookmark: _Toc509318303]Figure 5‑4 Create Alternative Simple Glazing System Window Material
Like creating a material, a new window construction can be added by copying “Exterior Windows,” renaming it (“Exterior Windows - Alternative”), and replacing the single layer in the construction with the new material (“Alternative Windows”) by clicking the “X” by “Baseline Windows” and then drag-and-dropping “Alternative Windows into the Layer pane as shown in Figure 5‑5.
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[bookmark: _Ref494095796][bookmark: _Toc509318304]Figure 5‑5 Create Alternative Window Construction
With the new window construction, the OS Measure “Replace Exterior Window Constructions with a Different Construction from the Model” can be added to the model. The user must click on the Measure and select the window construction (“Exterior Window - Alternative”) to use to replace the current construction (“Exterior Window”) as shown in Figure 5‑6. The same process could be used to create and test numerous window options.
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[bookmark: _Ref494095806][bookmark: _Toc509318305]Figure 5‑6 Replace Exterior Window Construction Measure
By replacing the windows with a higher U-factor and SHGC, the thermal performance of the window was reduced, increasing the thermal load on the house and increasing the required energy consumption to maintain setpoint temperature as shown in Table 5‑3.
[bookmark: _Ref494096366][bookmark: _Toc509318268]Table 5‑3  LCIA Results – Increase in Window U-factor and SHGC
	Impacts
	Model

	
	Base
	Less Efficient Windows

	Energy
	Consumption
	12 664
	13 308

	Environmental
	EIS
	12
	12

	Climate Change Potential (kg CO2 eq)
	Energy-Related
	-26 315
	-15 891

	
	MRR
	62 340
	58 583

	
	Construction
	358 161
	354 404

	
	Total
	394 186
	397 096

	Note: Displaying Climate Change Potential as an example.



[bookmark: _Toc509318441]Foundation Construction
Foundation construction is a user-defined value in the BIRDS NEST Measure as highlighted in Figure 5‑7 because the current capabilities do not allow for automated extraction of the necessary parameters related to the insulation levels for foundations and basements. Therefore, the LCIA calculations are based solely on this user input, which is included in the assumptions in the BIRDS NEST Measure Report.
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[bookmark: _Ref494095820][bookmark: _Toc509318306]Figure 5‑7 Alternative Foundation Option Selection
Changing the user input does not change the insulation within the foundation constructions of the OSM model, leading to a mismatch unless the user edits the constructions for both the foundation floor and wall assemblies. By editing these two constructions to match the user input values, in this case removing all insulation in both “Basement Floor Assembly” and “Foundation Wall Assembly” as highlighted in the left and right, respectively, in Figure 5‑8, the model estimate will be consistent with the user input.
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[bookmark: _Ref494095829][bookmark: _Toc509318307]Figure 5‑8 Editing Foundation Constructions: Floor (left) and Wall (right)
By removing the rigid insulation from the foundation wall and slab, the thermal performance of the foundation has been decreased, increasing the thermal load on the house and increasing the required energy consumption to maintain setpoint temperature as shown in Table 5‑4.
[bookmark: _Ref494096370][bookmark: _Toc509318269]Table 5‑4  LCIA Results – Decrease in Foundation Insulation
	Impacts
	Model

	
	Base
	Decrease Foundation Insulation

	Energy
	Consumption
	12 664
	12 911

	Environmental
	EIS
	12
	12

	Climate Change Potential (kg CO2 eq)
	Energy-Related
	-26 315
	-22 383

	
	MRR
	62 340
	62 340

	
	Construction
	358 161
	338 967

	
	Total
	394 186
	378 923

	Note: Displaying Climate Change Potential as an example.



[bookmark: _Toc509318442]Alternative System Components
An OS user can evaluate a range of system options available in BIRDS NEST. These alternatives are discussed for the lighting, HVAC, DHW, and on-site generation systems in the remainder of this section.
[bookmark: _Toc509318443]Lighting System
Changes to the lighting that will impact the LCIA calculations from BIRDS NEST can occur by (1) changing the total wattage and radiant fraction (based on bulb technology) in the OSM model and/or (2) changing the fraction of lighting for different light bulb technology types. Changing the wattage levels in the model are accomplished by accessing the Load tab in OS and changing the “Lighting Definitions - Lighting Power” parameter values. In this example, the lighting power is defined by total wattage by room as shown in red in Figure 5‑9. If a user 
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[bookmark: _Ref494095842][bookmark: _Toc509318308]Figure 5‑9 Lighting Power
Changing the fraction of lighting for each light bulb technology is accomplished within the user-defined inputs of the BIRDS NEST Measure as highlighted in Figure 5‑10.
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[bookmark: _Ref494095851][bookmark: _Toc509318309]Figure 5‑10 Fraction of Lighting by Bulb Technology
If a user reduces lighting electricity consumption by replacing light bulbs with more efficient bulbs while maintaining the number of light fixtures in the building, both the lighting power and the bulb fractions will need to be adjusted accordingly. For example, if a room has two light fixtures for which a user replaces incandescent bulbs with compatible LED bulbs, then the total wattage of lighting in that room will decrease because an 8W to 12W LED bulb is comparable in lumens to a 60W incandescent bulb, leading to a reduction of wattage for the bulbs that are replaced by at least 80 %. The fraction of energy that becomes radiant heat varies by bulb technology. Additionally, the fraction of wattage by lighting technology must be changed to coincide with the bulb replacement.
For this tutorial, assume that the homeowner decides to replace all light bulbs in the NZERTF, which are assumed to be CFLs, with incandescent light bulbs. As a result, all 9 lighting definitions must be increased by 400 % (15W CFL creates the same lumens as a 60W incandescent). Additionally, the radiant fraction is increased from 0.511 to 0.800 to account for the greater heat incandescents add to the living space. The result of increasing the lighting wattage by increasing the fraction of lighting using incandescents leads to an increase in the lighting and cooling consumption while decreasing the heating loads as shown in Table 5‑5.
[bookmark: _Ref494096374][bookmark: _Toc509318270]Table 5‑5  LCIA Results – Increase in Incandescent Bulb Fraction
	Impacts
	Model

	
	Base
	Increase Lighting Wattage

	Energy
	Consumption
	12 664
	13 772

	Environmental
	EIS
	12
	12

	Climate Change Potential (kg CO2 eq)
	Energy-Related
	-26 315
	-8371

	
	MRR
	62 340
	62 034

	
	Construction
	358 161
	358 051

	
	Total
	394 186
	411 713

	Note: Displaying Climate Change Potential as an example.



[bookmark: _Toc509318444]HVAC Systems
BIRDS NEST can differentiate for alternative HVAC system components, whether it’s changes in mechanical ventilation, fuel source, or system types based on the combination of a user-specified “Primary HVAC Type” and the types and number of heating and cooling coils included in the model. The HVAC type is necessary because the same coil types are used for multiple system types. The use case alternatives discussed below will include examples of different components BIRDS NEST can identify and match to the available LCIA source data.
[bookmark: _Toc509318445]Dedicated Outdoor Air with no Energy Recovery
Dedicated outdoor air is required by 2015 IECC if the Air Leakage Rate is 3 ACH or below. The BIRDS NEST Measure evaluates whether there is outdoor air ventilation by reading the E+ “Infiltration Table – Average Mechanical Ventilation” value. If the value is zero, then there is assumed to be no mechanical ventilation. Otherwise, dedicated outdoor air mechanical ventilation is assumed. In the case that energy recovery occurs, BIRDS NEST accounts for that equipment. Note that the BIRDS NEST Measure currently only reports a mechanical ventilation parameter value if there is energy recovery. Future versions will include a differentiation between no mechanical ventilation and mechanical ventilation with no energy recovery. At which point an example will be included in this tutorial.
There are two approaches to replicate the NZERTF without the HRV system while including the mechanical ventilation required by Maryland’s state energy code. The first approach is to edit the ERV zone equipment to have zero effectiveness in heat transfer and operate at zero watts while still drawing and exhausting the same volume of air. The resulting consumption identifies the impact of the HRV system on the energy consumption of the NZERTF.
[image: ]
The second option is to remove the ERV zone equipment and change the mechanical ventilation specified within the HVAC air loop. Since outdoor mechanical ventilation is already defined in the HVAC system of the updated base model, a system with dedicated outdoor air can be specified by removing the zone ERV equipment and changing the minimum dedicated outdoor air requirements within the air loop under the Systems tab in the “OS:AirLoopHVAC:OutdoorAirSystem” object as highlighted in Figure 5‑11 to the same rate as the aggregation of the constant flow rates of the ERV equipment. Additionally, the user should update the outdoor air flow rate while not in heating or cooling mode to be consistent with the minimum mechanical ventilation rate. 
[image: ]
[bookmark: _Ref494095865][bookmark: _Toc509318310]Figure 5‑11 Adding Dedicated Outdoor Air to HVAC System
Given the issues in replicating the separate HRV system within a single air loop, this tutorial implements the first approach that edits the ERV zone equipment. By changing the effectiveness of the HRVs to zero, the electricity consumption remains the same to meet the outdoor air ventilation requirements, but the thermal loads that must be met by the HVAC system are increased because there is no energy recovery. The impact is an increase in HVAC system operation and electricity consumption as shown in Table 5‑6. Note that using the second approach may lead to different results depending on if the ventilation is consistent with the HRV operation.
[bookmark: _Ref494096381][bookmark: _Toc509318271]Table 5‑6  LCIA Results – HRV Removal
	Impacts
	Model

	
	Base
	HRV Removal

	Energy Consumption
	Total
	12 664
	13 817

	
	HVAC (Heating, Cooling, Heat Recovery, & Fans)
	6809
	7958

	Environmental
	EIS
	12
	13

	Climate Change Potential (kg CO2 eq)
	Energy-Related
	-26 315
	-7604

	
	MRR
	62 340
	62 340

	
	Construction
	358 161
	358 161

	
	Total
	394 186
	412 896

	Note: Displaying Climate Change Potential as an example.



[bookmark: _Toc509318446]Air Conditioner with Electric Furnace
Changing the heating and cooling equipment requires the replacement the unitary DX air‑to-air heat pump system with either (1) a system with DX cooling and electric heating or (2) individual components of the system including a DX cooling coil, electric heating coil, and fan. For this example, we will use the prior approach. 
The user can make such a change by selecting the “Air Loop HVAC 2” HVAC System loop. Remove the heat pump system (“Unitary – DX Heat Pump (Two Speed cooling) – Cycling – Elect reheat”) by clicking on the “X” on the bottom-right corner of the object (see red circle in Figure 5‑12). Then search the Library to find the desired object(s) and drag-and-drop them onto the loop. In this case, a “Unitary – Two Speed DX cooling – Elect heat – Cycling – Elect reheat” system is added to the loop (see red arrow). For details on the parameter values of the base use case model components that are the basis for defining the new system, please see the OS Documentation (citation).
[image: ]
[bookmark: _Ref494095973][bookmark: _Toc509318311]Figure 5‑12 Replacing Heat Pump with Air Conditioner/Electric Furnace
After adding the appropriate objects, the user should click on each object to review and edit the parameter values and assumptions based on their desired system. The BIRDS NEST OS Measure will deliver the coil types through the input file, which are used to create a closest match to the available options in BIRDS NEST to evaluate the LCIA.
By replacing the heat pump system with the AC/Furnace system, the electricity consumption for both heating and cooling change. Table 5‑7 shows that cooling consumption does X while heating consumption does X.
[bookmark: _Ref494096389][bookmark: _Toc509318272]Table 5‑7  LCIA Results – Replacement of Heat Pump with AC/Electric Furnace
	Impacts
	Model

	
	Base
	AC w/ Furnace

	Energy Consumption
	Total
	12 664
	16 636

	
	HVAC (Heating, Cooling, Heat Recovery, & Fans)
	6809
	10 778

	Environmental
	EIS
	12
	14

	Climate Change Potential (kg CO2 eq)
	Energy-Related
	-26 315
	38 299

	
	MRR
	62 340
	58 088

	
	Construction
	358 161
	356 639

	
	Total
	394 186
	453 026

	Note: Displaying Climate Change Potential as an example.



[bookmark: _Toc509318447]DHW System with Gas Storage Water Heater
The base use case model included an electric storage water heater while the updated base use case model assumes a heat pump water heater with a solar thermal system via Measures added to the base use case model. There are additional alternative DHW systems that can be evaluated by BIRD NEST, both with different water heater options (technologies and fuel sources) as well as different combinations of water heaters and solar thermal systems. Since the solar thermal system and heat pump water heater are additive in nature based on the use of Measures and the base use case model includes an electric water heater. The remaining technology currently available in BIRDS NEST not yet discussed is a gas storage water heater. 
By removing the Measures for both the heat pump water heater and solar thermal system, the DHW system returns to the system in the base use case model with the electric storage water heater (OS:WaterHeater:Mixed). By clicking on the water heater, the user can change the fuel type to natural gas and efficiency to the appropriate efficiency (70 % for this example) as highlighted in Figure 5‑13. The resulting generated input file will have a water heater object with these updated values. A user could also change other parameter values for the water heater or replace the “mixed” water heater with another water heater type (e.g. “stratified” or “heat pump-wrapped condenser”) if desired. An example of the changes in the input file will be added once the BIRDS NEST Measure correctly generates the water heater object.

[image: ]
[image: ]
[bookmark: _Ref494096008][bookmark: _Toc509318312]Figure 5‑13 Replacing Heat Pump Water Heater with Gas Storage Water Heater
By replacing the heat pump water heater with a gas water heater, the energy consumption is shifted from electricity to natural gas. Table 5‑8 shows that site energy increases due to the less efficient, from a site energy perspective, gas water heater.
[image: ][image: ][image: ]

[bookmark: _Ref494096398][bookmark: _Toc509318273]Table 5‑8  LCIA Results – Replacement of Heat Pump Water Heater with Gas Water Heater
	Impacts
	Model

	
	Base
	Gas Water Heater
	Gas Water Heater w/ Solar Thermal

	Energy Consumption
	Total
	12 664
	17 231
	15 753

	
	DHW (Water Heater & Solar Pumps)
	1194
	6031
	4542

	Environmental
	EIS
	12
	13
	13

	Climate Change Potential (kg CO2 eq)
	Energy-Related
	-26 315
	-5311
	-19 818

	
	MRR
	62 340
	59 845
	62 709

	
	Construction
	358 161
	355 338
	358161

	
	Total
	394 186
	401 941
	401052

	Note: Displaying Climate Change Potential as an example.



[bookmark: _Toc509318448]Generation Systems
A user can evaluate alternative generation (solar PV) systems using one, or a combination, of two approaches. First, a user can change the parameter values within the Solar PV E+ Measure as highlighted in Figure 5‑14, which includes the fraction of the surface area covered by solar PV cells and the solar cell efficiency to match an alternative solar PV system in terms of wattage and efficiency. Second, a user can use SketchUp to edit the (site) shading surfaces in the model to remove or add solar PV panels. Note that other shading surface types (e.g. building or zone) could be used with this Measure, but the assumption in this example is that the solar PV panels are placed on all site shading surfaces.
[image: ]
[bookmark: _Ref494096015][bookmark: _Toc509318313]Figure 5‑14 Changes to Solar PV System Parameters
For demonstration purposes, assume that the current solar PV panels are replaced with high efficiency panels (22.2% versus 19.6%) of the same size (inverter efficiency assumed constant). The only change required is to increase the “fractional value of cell efficiency to 0.222. By increasing the panel efficiency, total generation is increased as shown in Table 5‑9.
[bookmark: _Ref494096403][bookmark: _Toc509318274]Table 5‑9  LCIA Results – Increase in Solar PV Panel Efficiency
	Impacts
	Model

	
	Base
	Increase Solar PV Efficiency

	Electricity
	Production
	14 431
	16 345

	Environmental
	EIS
	12
	12

	Climate Change Potential
	Energy-Related
	-26 315
	-57 195

	
	MRR
	62 340
	66 676

	
	Construction
	358 161
	362 118

	
	Total
	394 186
	371 599

	Note: Displaying Climate Change Potential as an example.



[bookmark: _Toc509318449]Non-Building User-Defined Values
User-defined values include both aspects for which automated extraction is not feasible (e.g. location) as well as user preferences (study period, LCIA assumptions). Alternatives for each are discussed below.
[bookmark: _Toc509318450]Location
The location selected by the user is important to calculating the LCIAs because the electricity-related LCIAs vary by location (currently by state based on North American Electric Reliability Corporation (NERC) subregion emissions data from eGRID). By selecting a different location, the user can evaluate how the results change for a given building design, specifically the operating energy consumption and associated LCIA flows. Note that the calculations are currently based on the “State and City” drop down menu as highlighted in Figure 5‑15. The “County” text box is a placeholder in case county level data is incorporated into BIRDS NEST in the future.
[image: ]
[bookmark: _Ref494096248][bookmark: _Toc509318314]Figure 5‑15 Changes to Location
Changing the user inputs for location will not change the model, only the LCIA for the resulting energy consumption. A user should change the weather file used in the simulation to match the selected location in the user inputs. In this example, the weather file is replaced with the TMY3 file for Miami International Airport and the user inputs are changed to FL – Miami. Table 5‑10 shows an example of how changing the location from Washington, D.C. to Miami, Florida impacts the EIS.
[bookmark: _Ref494096438][bookmark: _Toc509318275]Table 5‑10  LCIA Results Variation by Location
	Impacts
	Location

	
	DC
	Miami

	Electricity
	Consumption
	12 664
	17 078

	
	Production
	14 431
	16 353

	EIS
	Total
	12
	14

	Climate Change Potential
	Energy-Related
	-26 315
	18 401

	
	MRR
	62 340
	62 340

	
	Construction
	358 161
	358 161

	
	Total
	394 186
	438 902

	Note: Displaying Climate Change Potential as an example.



[bookmark: _Toc509318451]Study Period
The study period over which an LCIA is completed will impact the LCIA results for several reasons, which also depend on the selected LCIA allocation approach. Regardless of the LCIA allocation approach, the longer the study period the greater the magnitude of the environmental impacts. The relative importance of energy-related LCIAs will be relative constant as the study period increases in length if an annualized LCIA allocation method is selected. In the case of the non-annualized allocation method, a longer study period will increase the fraction of LCIA flows associated with energy consumption relative to the fraction associated with non-energy (embodied) associated LCIA flows. The user can change the study period by inputting the number of years desired within the user input fields of the BIRDS NEST Measure as highlighted in Figure 5‑16.
[image: ]
[bookmark: _Ref494096031][bookmark: _Toc509318315]Figure 5‑16 Changes to Study Period

Table 5‑11 shows an example of how changing the study period from 10 years to 20 years impacts the total LCIA flows as well as the fraction operating energy flows under the non-annualized allocation method.
[bookmark: _Ref494096443][bookmark: _Toc509318276]Table 5‑11  LCIA Results Variation by Study Period (Non-Annualized Allocation)
	Impacts
	Study Period

	
	25 Yr
	10 Yr

	EIS
	Total
	12
	11

	Climate Change Potential (CO2e)
	Energy-Related
	-26 315
	-14 243

	
	MRR
	62 340
	6757

	
	Construction
	358 161
	358 161

	
	Total
	394 186
	350 675

	Note: Displaying Climate Change Potential as an example.



[bookmark: _Toc509318452]LCIA Weighting Approach
The LCIA weighting approach is the user-defined preferences on the relative importance of the 12 different environmental impact categories. While one user may only be concerned with their carbon footprint, another may be concerned about climate change, smog, and water consumption, and a third may consider all environmental impacts having equal importance. Depending on the user’s selected weighting factors as defined in the BIRDS NEST Measure as highlighted in Figure 5‑17, the relative performance of different building designs may change. 
[image: ]
[bookmark: _Ref494096260][bookmark: _Toc509318316]Figure 5‑17 Changes to LCIA Weighting Approach
For example, assume X. Note that the individual impact category results are unchanged by different weighting approaches.
[bookmark: _Toc509318277]Table 5‑12  LCIA Results Variation by LCIA Weighting Approach
	
	Weighting Approach

	
	BEES (Defaults)
	EPA SAB
	Equal
	User Input

	EIS
Total
	12
	12
	12
	15

	Note: 
EPA SAB = Environmental Protection Agency Science Advisory Board




[bookmark: _Toc509318453]LCIA Allocation Approach (TO DO)
Option currently not available. Once included in BIRDS NEST, the LCIA allocation approach will allow a user to allocate embodied LCIA impacts in two ways: (1) allocation at the time the product is installed in the building (“Non-Annualized”) or (2) annualize the allocation across the products service life (“Annualized”). These two approaches are both widely used in the LCA community, but can lead to different interpretations depending on the study period over which a building is evaluated. Note that the current version of BIRDS NEST only allows for selection of the non-annualized allocation method. Therefore, no comparisons have been made for this tutorial yet, but the user input can be changed as shown in Figure 5‑18.
[image: ]
[bookmark: _Ref494096301][bookmark: _Toc509318317]Figure 5‑18 Changes to LCIA Allocation Approach
[bookmark: _Toc509318454]Other Use Case Alternatives
Numerous other use cases could be considered. Two others are the building orientation. Thus far, focus has been on changing a single component to test one alternative. However, in many cases a user may want to evaluate many alternatives for one or more components. BIRDS NEST was designed to handle an OS parametric analysis, allowing a user to send as many input files from simulation runs as the user desires. Since the processing of the LCIA results takes a matter of seconds, BIRDS NEST is robust to large parametric runs in OS.
[bookmark: _Toc509318455]Orientation (TO DO)
The user can change the orientation of the building by opening an OSM model within SketchUp, selecting the entire model (Select All), and then using the “Rotate” feature. Figure 5‑19 shows the building being rotated 90 degrees to face due west. OS can account for the orientation change within the simulation run, including the solar thermal and solar PV systems that are designed relative to the building design (e.g. orientation and slope of roof and shading surfaces).
[image: ]
[bookmark: _Ref494096312][bookmark: _Toc509318318]Figure 5‑19 Change Orientation to Due West in SketchUp
The user
[bookmark: _Toc509318278]Table 5‑13  LCIA Results Variation by Orientation
	Impacts
	Model

	
	OS-Updated
	OS-Updated-Orientation

	Energy
	Consumption
	12 308
	12 375

	
	Production
	14 435
	12 471

	Environmental
	EIS
	
	

	Climate Change Potential
	Energy-Related
	
	

	
	Embodied
	
	

	
	Total
	
	

	Note: Displaying Climate Change Potential as an example.



[bookmark: _Toc509318456]Parametric Simulation (TO DO)
The user
[bookmark: _Toc509318279]Table 5‑14  LCIA Results Variation by Parametric Analysis
	Impacts
	Model

	
	OS-Updated
	OS-Parametric1
	OS-Parametric2
	OS-Parametric3

	Energy
	Consumption
	
	
	
	

	Environmental
	EIS
	
	
	
	

	Climate Change Potential
	Energy-Related
	
	
	
	

	
	Embodied
	
	
	
	

	
	Total
	
	
	
	

	Note: Displaying Climate Change Potential as an example.
	
	





[bookmark: _Toc509318457]Error and Warning Messages
To assist users, warning messages have been included in the BIRDS NEST Measure to inform users of identified concerns within the input file submitted to the API. There are two current warning categories both of which associated with the HVAC system: extra coils or missing/mismatched coils. Errors in Results tab. Warnings in Results tab. Warnings in BIRDS NEST Report.
[bookmark: _Toc509318458]BIRDS NEST Server-related Warnings and Errors
The N

[bookmark: _Toc509318319]Figure 6‑1 “Cannot Find Server” Error in BIRDS NEST OS Report
The N

[bookmark: _Toc509318320]Figure 6‑2 “Wrong Server” Error in OS

[bookmark: _Toc509318459]HVAC Warnings
The N
[bookmark: _Toc509318460]Extra Coil Warnings
The National Ins
To test the extra coil warning, it is necessary to add an additional coil to the model. Note that the coil does not need to be added to a loop. It only needs to exist under “My Model” objects.

[bookmark: _Toc509318321]Figure 6‑3 Extra Coil Warnings in BIRDS NEST OS Report

[bookmark: _Toc509318461]Missing/Mismatch Coil Warnings
A user may create an HVAC system that does not match with the user’s selected primary HVAC system within the BIRDS NEST Measure (e.g. accidentally select AC with Electric Furnace when the defined system has a gas heating coil).
[bookmark: _Toc509318462]Other Warnings
The National 
[bookmark: _Toc509318322]Figure 6‑4 Other Warnings in BIRDS NEST OS Report



[bookmark: _Toc509318463]Limitations and Future Capabilities
Numerous limitations.
BIRDS NEST Measure limitations
OS limitations
LCIA data availability
LCIA allocation approach
Other building types
Large volume, large multi-user requests.

Future capabilities
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Dear Colleagues:

1am pleased to announce the launch of our 2017 Safety Climate Assessment! This
is your opportunity to help us better understand our current safety culture and
identify areas of improvement.

We conducted our last Safety Climate Assessment in the summer of 2014. Based
on what you told us, we've implemented a number of improvements such as
launching a program for employees to report unsafe working conditions, improving
safety training, communicating our safety rights and responsibilites, and
enhancing our incident reporting system.

1am firmly committed to safety excellence and want to learn your views on what is
or isn't working with our current safety management efforts. | strongly encourage
You to share those views by completing this survey, which will take 15-20 minutes
to complete. The survey is designed so that participants willreceive survey
questions based on their job responsibilities. A few open-ended questions at the
end of the survey enable you to share your specific views and recommendations
on ways NIST can improve safety management.

Please complete the survey any time before midnight on October 6% Your
perspective matters!

f you have any questions about the survey or difficulties accessing, please call or
email OSHE's Kevin Bald at 301-975-8164 or

Best!

Kent
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Dear Colleagues:

1am pleased to announce the launch of our 2017 Safety Climate Assessment! This
is your opportunity to help us better understand our current safety culture and
identify areas of improvement.

We conducted our last Safety Climate Assessment in the summer of 2014. Based
on what you told us, we've implemented a number of improvements such as
launching a program for employees to report unsafe working conditions, improving
safety training, communicating our safety rights and responsibilites, and
enhancing our incident reporting system.

1am firmly committed to safety excellence and want to learn your views on what is
or isn't working with our current safety management efforts. | strongly encourage
You to share those views by completing this survey, which will take 15-20 minutes
to complete. The survey is designed so that participants willreceive survey
questions based on their job responsibilities. A few open-ended questions at the
end of the survey enable you to share your specific views and recommendations
on ways NIST can improve safety management.

Please complete the survey any time before midnight on October 6% Your
perspective matters!

f you have any questions about the survey or difficulties accessing, please call or
email OSHE's Kevin Bald at 301-975-8164 or
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Dear Colleagues:

1am pleased to announce the launch of our 2017 Safety Climate Assessment! This
is your opportunity to help us better understand our current safety culture and
identify areas of improvement.

We conducted our last Safety Climate Assessment in the summer of 2014. Based
on what you told us, we've implemented a number of improvements such as
launching a program for employees to report unsafe working conditions, improving
safety training, communicating our safety rights and responsibilites, and
enhancing our incident reporting system.

1am firmly committed to safety excellence and want to learn your views on what is
or isn't working with our current safety management efforts. | strongly encourage
You to share those views by completing this survey, which will take 15-20 minutes
to complete. The survey is designed so that participants willreceive survey
questions based on their job responsibilities. A few open-ended questions at the
end of the survey enable you to share your specific views and recommendations
on ways NIST can improve safety management.

Please complete the survey any time before midnight on October 6% Your
perspective matters!

f you have any questions about the survey or difficulties accessing, please call or
email OSHE's Kevin Bald at 301-975-8164 or

Best!

Kent
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Processing Reporting Measures.

Applying NISTBIRDSLifecycleAnalysisReport

Result: Success

Warn: BIRDS only accepts 1 and 2-story homes. Building Story 4 - Attic/Roof, basement = false, conditioned = true will not be included.

Warn: Cannot find construction type for Roof Assembly based on structural layer 1 3/4” x11 7/8" LSL Engineered Roof Rafters w/
Cellulose Insulation Fill. This construction will not be included in the LCA calculations. To ensure that the LCA calculations work, you must
specify the Standards Information fields in the Construction and its constituent Materials. Use the CEC2013 enumerations.

Warn: Cannot find structural layer in roof construction Patio Roof; this construction will not be included in the LCA calculations. To
ensure that the LCA calculations work, you must specify the Standards Information fields in the Construction and its constituent Materials.
Use the CEC2013 enumerations.

Warn: Cannot find construction type for First Floor Assembly; this construction will not be included in the LCA calculations. To ensure
that the LCA calculations work, you must specify the Standards Information fields in the Construction and its constituent Materials. Use the
CEC2013 enumerations.

Warn: Cannot find construction type for First Floor Ceiling; this construction will not be included in the LCA calculations. To ensure that
the LCA calculations work, you must specify the Standards Information fields in the Construction and its constituent Materials. Use the
CEC2013 enumerations.

Warn: Cannot find construction type for Second Floor Assembly; this construction will not be included in the LCA calculations. To ensure
that the LCA calculations work, you must specify the Standards Information fields in the Construction and its constituent Materials. Use the
CEC2013 enumerations.

Warn: Cannot find construction type for Second Floor Ceiling; this construction will not be included in the LCA calculations. To ensure
that the LCA calculations work, you must specify the Standards Information fields in the Construction and its constituent Materials. Use the
CEC2013 enumerations.

Warn: Cannot find construction type for First Floor Ceiling - Living Room; this construction will not be included in the LCA calculations.
To ensure that the LCA calculations work, you must specify the Standards Information fields in the Construction and its constituent
Materials. Use the CEC2013 enumerations.

Info: Building Story 1 - Basement is a basement, and will not treated as a building story.

Info: Story Building Story 2 - First Floor has a floor area of 3333 ft2 and an exterior wall area of 2036 ft2.

Info: Story Building Story 3 - Second Floor has a floor area of 1462 ft2 and an exterior wall area of 1237 ft2.

Info: The birds server returned LCIA results successfully!
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fedstaff-bounc st.gov on behalf of Rochfi
2017 Safety Climate Assessment

Dear Colleagues:

1am pleased to announce the launch of our 2017 Safety Climate Assessment! This
is your opportunity to help us better understand our current safety culture and
identify areas of improvement.

We conducted our last Safety Climate Assessment in the summer of 2014. Based
on what you told us, we've implemented a number of improvements such as
launching a program for employees to report unsafe working conditions, improving
safety training, communicating our safety rights and responsibilites, and
enhancing our incident reporting system.

1am firmly committed to safety excellence and want to learn your views on what is
or isn't working with our current safety management efforts. | strongly encourage
You to share those views by completing this survey, which will take 15-20 minutes
to complete. The survey is designed so that participants willreceive survey
questions based on their job responsibilities. A few open-ended questions at the
end of the survey enable you to share your specific views and recommendations
on ways NIST can improve safety management.

Please complete the survey any time before midnight on October 6% Your
perspective matters!

f you have any questions about the survey or difficulties accessing, please call or
email OSHE's Kevin Bald at 301-975-8164 or

Best!

Kent
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