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ABSTRACT
THE INTEGRATION OF QUANTITATIVE INFORMATION
WITH AN INTELLIGENT DECISION SUPPORT SYSTEM
FOR RESIDENTIAL ENERGY RETROFITS
By

Yunjeong Mo

The purpose of this research is to support the development of an intelligent Decision Support
System (DSS) by integrating quantitative information with expert knowledge in order to
facilitate effective retrofit decision-making. To achieve this goal, the Energy Retrofit Decision
Process Framework is analyzed. Expert system shell software, a retrofit measure cost database,
and energy simulation software are needed for developing the DSS; Exsys Corvid, the NREM
database and BEopt were chosen for implementing an integration model. This integration model
demonstrates the holistic function of a residential energy retrofit system for existing homes, by
providing a prioritized list of retrofit measures with cost information, energy simulation and
expert advice. The users, such as homeowners and energy auditors, can acquire all of the
necessary retrofit information from this unified system without having to explore several
separate systems. The integration model plays the role of a prototype for the finalized intelligent
decision support system. It implements all of the necessary functions for the finalized DSS,

including integration of the database, energy simulation and expert knowledge.
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CHAPTER 1

INTRODUCTION

1.1 INTRODUCTION

In modern society, there is a need to reduce energy use to achieve sustainability. The building
sector primarily contributes to conventional fuel consumption; as a result, it induces significant
global warming gas releases. Buildings consume about 40 percent of all global energy, thus,
increasing the energy efficiency of the building sector will have a great economic impact as well

as work to achieve a more sustainable environment (Kolokotsa et al. 2009).

The residential building sector used over 20 percent of the total energy in the U.S. during the last
few decades, so reducing household energy will play a significant role in improving energy
security (Jones et al. 2010). The U.S. Department of Energy (DOE) Building America Program
has promoted research to adopt advanced building energy technologies in residential buildings to

save large amounts of energy.

To provide information on achieving energy efficiency in residential buildings, a Decision
Support System (DSS) is a suitable technology choice. A DSS is an interactive information
system based on a computer and a comprehensive database. According to Turban and Watkins
(1986), an Expert System (ES) is a computer program for utilizing expert knowledge, with a
reasoning mechanism and a knowledge base. A Decision Support System in the form of a rule-
based Expert System can help homeowners make efficient decisions about home energy retrofits

with qualitative expert knowledge and quantitative retrofit data.



According to the Merriam-Webster Dictionary (2011), an expert system means “computer
software that attempts to mimic the reasoning of a human specialist.” Expert Systems reason and
produce decisions in a manner similar to humans to solve complex problems (Syal 2012). They
are one of the most developed applications to have emerged from artificial intelligence (Al)
research, and have been widely used (Palmquist 1996). Al aims to perceive the process, systems,
and principles that enable intelligent behavior, and computers are used as modeling tools to

embody these intellectual decision-making processes (Sharples et al. 1994).

Expert systems have been implemented, from a simple system to complex multipurpose systems,
in various fields such as agriculture, education, law, manufacturing, environmental management
and medicine, as well as construction management. Expert systems successfully deliver an
extensive amount of experts’ knowledge for decision makers to use in an approachable and
comprehensible way. Recently, expert systems have been used in integrated forms, combining
with other technologies. For example, in the environment management field, an expert system
integrated with Geographic Information Systems (GIS) and simulation modeling has been

developed to facilitate user requirements more effectively (Wai et al. 2005).

In the construction management field, ESs have been used as selection systems, advisory
systems, monitoring and control systems, and analysis and evaluation systems to help the
decision-making process (Yang et al. 1996). To be more specific, expert systems have been
applied to the prequalification of construction contractors, for planning and scheduling
construction projects, for monitoring and control of earthmoving scraper operations, for the

process of construction delay analysis, as a system for the analysis of change order claims, as a



prototype system for construction planning and productivity analysis, and so forth. (Yang et al.

1996).

Juan et al. (2009) presented a housing condition assessment and refurbishment DSS, composed
of an interface module, an analysis module, and a database module. The interface module
provided expert knowledge on refurbishment designers and contractors, and the database module

provided access to cost information and refurbishment skills in a given market.

In this research, an expert system is proposed to serve as the decision support system for a
residential energy retrofit system. One of the main barriers to the home energy retrofit initiative
has been identified as the lack of accessible information for homeowners (Residential Energy
Services Network [RESNET] 2010). An expert system can provide an efficient way to resolve
this problem. It will be implemented as a hybrid form by integrating the expert knowledge base

with a cost database and an energy simulation program.

1.1.1 Cost Effective Energy Retrofit Team Project

The U.S. Department of Energy (DOE)’s Building America Program has funded research on four
major tasks by the Cost Effective Energy Retrofit Team since October 2010. The research
proposed in this thesis is a part of Task 6.3, which is one of four tasks shown in Figure 1.1. The

major tasks are summarized in Figure 1.1 and following descriptions below:



- | UE4970  Market Characterization by Archetypes

Identification & Collection of Stakeholders
Task 6.2 ) ) i
in Home Energy Retrofit Value Chain

Task 6.3 Intelligent De(_:|§|on Support System
for Energy Efficiency Upgrades
Evaluation and Testing of
Task 7.1
Individual Retrofit Measures

Figure 1.1: Research Tasks of the Cost Effective Energy Retrofit Team

e Task 6.1: A market characterization project aims to identify the dominant archetypes of
homes in the Great Lakes Region of the US. The archetypes are identified by
architectural style, vintage, and construction style. Once identified, they are tested, and a

prescriptive package of measures is identified for them.

e Task 6.2: This work aims to identify key stakeholders in the value chain of home energy
retrofits, and to collect information about the needs of those stakeholders. This

information will then be used to implement retrofits in a manner that targets the end-user.

e Task 6.3: This project proposes an information framework of a query-based intelligent
DSS for energy efficiency upgrades. It will provide appropriate information to users on

home energy retrofit efficiency.



e Task 7.1: This project performs field testing of the dominant measures, to identify a
prescriptive package of measures that will improve home energy performance. In
addition, it will identify quality control strategies for the installation of the identified

measures.

1.1.2 Information Types for the Decision Support System Framework
The Decision Support System is envisioned as being implemented in the form of a query-based
expert system. The fundamental framework of the Decision Support System utilizes two major
information sources. One is quantitative information, which includes cost and retrofit measure
information, and the other is qualitative information derived from expert knowledge.
Samuel, Duah and Syal (2011) defined the two data types as follows in Figure 1.2:

e Knowledge: Qualitative information/Informal information/Experience/Heuristics/

Expertise

e Database: Quantitative information/Formal information/Published information

Knowledge Database
- Qualitative Info. - Quantitative Info.
- Informal Info. €«> - Formal Info.
- Experience - Heuristics - Published Info.
-- Expertise
Knowledge Existing EE
Acquisition Retrofit Information
T A
| ]
Experts NREM BEopt BA Documents,
Interview Database Other Literature

Figure 1.2: Two Information Types for the Decision Support System



1.2 NEED STATEMENT

1.2.1 Need for Energy Retrofitting for Existing Homes

A home energy retrofit system can be applied to two different categories, “new construction” and
“existing homes.” This research focuses on retrofitting existing homes to improve their energy
efficiency. According to the American Housing Survey for the United States 2009 (HUD 2011),
there were approximately 130 million existing housing units at that time. The number of new
homes built is at about half million to two million per year (U.S. Department of Energy Building
America [US DOE BA] 2010a). The number of existing homes provides a very high volume of
home energy retrofit opportunities; improving their energy efficiency would give rise to

enormous energy savings.

A study conducted by the Joint Center for Housing Studies (JCHS) at Harvard University (2009)
showed that homeowners spent 52 billion dollars on energy remodeling projects in 2007, which
showed an increase from 33 billion dollars of 1997. This highlights that the demands for green
remodeling projects are growing due to rising home energy costs and increasing in homeowners’

environmental concerns (JCHS 2009).

According to the study by JCHS (2009), homes built before the oil crisis in the 1970s are not
energy-efficient because homeowners were not concerned about energy conservation. The U.S.
government recognized the need to improve the energy efficiency of existing buildings,
including residential buildings; the U.S. Department of Energy is currently offering many energy
efficiency retrofit programs such as “Building America” and the “Weatherization Assistance

Program.”



1.2.2 Need for Quality Information and Efficient Information Delivery

1) Lack of quality information
“The problem is not a lack of energy efficient technology, but a lack of information required to
implement such technologies.” This was stated at an experts’ meeting held in October 2010 in
Albany, New York, hosted by the U.S. Department of Energy’s (DOE’s) Building America
Program, and the New York State Energy Research and Development Authority (NYSERDA).
This meeting was held to identify key research topics, and to find gaps in the adoption of
condensing boilers, which should be more energy-efficient than conventional boilers. This
statement illustrates one of the major needs of home energy retrofitting (Samuel 2011). The
meeting report stated that “condensing boilers are not being successfully implemented in a large
scale because of a clear lack of information on optimum installation strategies and insufficient
training for installers and designers” (Steven Winter Associates, Inc. 2010). This statement can
be applied broadly to other innovative technologies and appliances related to home energy
efficiency. The Decision Support System will give guidelines to consumers and auditors with

qualified expertise.

2) Lack of efficient information delivery
The Residential Buildings Energy Efficiency Meeting, held in July of 2010, identified additional
key barriers associated with residential energy efficiency information. The meeting report stated
that “Information is out there but is not getting into the hands of the right people,” and “There is
limited access to information for consumers and contractors” (US DOE BA 2010b). It

emphasized information from researchers, manufacturers and public institutions needs to flow to



the home energy retrofit industry and homeowners in prompt and appropriate ways in order to

encourage large-scale adoption of energy retrofits (Samuel 2011).

1.2.3 Need for Expert Knowledge

1) Confusion from published information
“Too much information is out there for building technology, but no one knows what to read and
no one knows what to believe,” stated Liz Cocke, director of the Affordable Housing Research
division of the U.S. Department of Housing and Urban Development (HUD), at a conference
held in December, 2011. Researchers, manufacturers, and homeowners are concerned that
finding published information about home energy efficiency is overwhelming. Most of this
information is scattered, making it difficult to find the proper information in an effective way
(Partnership for Advancing Technology in Housing [PATH] 2002). When homeowners are faced
with information selected from a variety published sources, they are also confused about the
contradictions between quantitative and qualitative information (PATH 2002). Moreover, in
many cases, manufacturers provide inaccurate information about energy-efficiency technologies
in their product advertisements, based on their self-interests. As a result, consumers who have
suffered from such misinformation will tend to mistrust other related information as well

(Golove & Eto 1996).

2) Mistrust of energy auditors and contractors
In the Residential Buildings Energy Efficiency Meeting held in July, 2010, it was stated that
homeowners lacked the information needed to distinguish between an energy efficient product

and those using false claims of energy efficiency as a marketing means (US DOE BA 2010b).



Homeowners may also distrust contractors’ and manufacturers’ claims, and distrust energy
auditors with interests in gaining contracts (Samuel 2011, Romero 2011). These parties have a
great influence on the homeowners’ decision-making processes. The proposed DSS can also be

used by auditors and contractors to add more credibility to their works.

3) Difficult to prioritize retrofit measures within a given budget
Through the interviews conducted by Samuel (2011), energy experts suggested following a cost-
effective approach that would shortlist and prioritize measures within the user’s given budget.
However, users do not have enough information about how they can prioritize retrofit measures
effectively. Based on Samuel (2011) and the need to fill the lack of a quality information
delivery system, this study will consider several concepts when prioritizing retrofit measures,
which the Decision Support System will apply to its frame, as follows:

e Consideration of interactions between building components to prioritize measures.

e Consideration of user needs in shortlisting and prioritization.

e Cost of retrofit measures in shortlisting and prioritizing measures.

e Analysis of energy savings by building energy simulation software.

4) Query-Based Expert System as a tool to capture and utilize the expert knowledge
A Query-Base Expert System (QBES) can be used as an effective tool for capturing and utilizing
expert knowledge. Turban et al. (2004) explained the functioning stages of a QBES as follows:

e Stage I: Qualitative Information Acquisition and Storage (Knowledge)

e Stage Il: Quantitative Information Acquisition and Storage (Data)

e Stage IlI: Information Processing by Integration of Knowledge and Database



e Stage IV: User Interface

Similarly, in this research, knowledge from experts is collected through expert interviews to
form a knowledgebase. The sources of quantitative information or data known as factual
information are both from the NREM database and from building-science related publications,
which include the Building America literature. The information will be integrated in the Expert
System and will provide expert knowledge through its user interface. Through such functioning

stages, an ES captures and utilizes expert knowledge.

1.2.4 Need for Effective Use of Quantitative Information in Decision Support System

1) Cost database
The National Renewable Energy Laboratory (NREL) established the unified National Residential
Efficiency Measure (NREM) database by integrating several existing DOE databases on building
retrofit measures and costs, to provide residential retrofit information in a standardized format
(National Renewable Energy Laboratory [NREL] 2010). Its standard technical definitions for
energy retrofit measures maintain the consistency of input information, and can be utilized by
software analysts and developers through a Web interface and XML (extensible markup

language) feeds (Polly et al. 2011).

The NREM database can be applied to various residential energy retrofit applications in order to
calculate the cost information for the selected measures. This standardized information is a
essential element of the DSS on energy, to provide consistent retrofit cost information to

customers, contractors and energy auditors.
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2) Energy simulation software
Building simulation programs can be used to design and assess the overall performance of
buildings, because they can analyze the various building systems, and forecast the behavior
based on such analysis. When a simulation program is combined with a DSS, it can provide a

holistic assessment of the building system (Avgelis & Papadopoulos 2010).

The NREL has developed energy simulation software, Building Energy Optimization (BEopt).
BEopt evaluates residential building designs and analyzes home retrofits through cost-based
optimization. BEopt uses sequential search optimization techniques to find minimum-cost
building designs at different target energy-saving levels, and to identify multiple near-optimal
designs along the path, allowing for maximal solutions based on builder or contractor

preferences (BEopt Version 1.1).

BEopt suggests the optimal energy combinations of building measures related to a building’s
envelope, appliances, equipment, and so forth, combined with weather data, energy costs and
energy savings (Schmidt 2008). BEopt mainly accesses its cost information from the NREM
database and RS Means data. BEopt can be used for both new construction and existing homes,
and it is the preferred energy simulation software in this research, for analyzing existing

residential energy efficiency.
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3) Existing published literature
Information from existing literature can be a helpful source for explaining various details of the
energy retrofit measures. Text explanations and pictures from established research can aid DSS

users in understanding specialized and technical information more effectively.

Federal and state governments promote energy efficiency in the residential sector through a
variety of programs; two of them, the DOE’s Building America program and the Partnership for
Advancing Technology in Housing (PATH), have conducted vigorous field research on the topic.
The information from their research reports will be used in this thesis to explain energy

retrofitting.

1.2.5 Need for an Integrated Intelligent Decision Support System

A cost information database, energy simulation software, existing literature information and
experts’ opinions all play significant roles in residential energy retrofitting decision-making.
Even though the outcomes of these components are inter-related, they have not generally been
used in an integrated manner. Integrating all of them in a Decision Support System will provide
synthesized energy retrofit information in a comprehensive and coordinated fashion. Such an
integrated intelligent DSS will provide an overall basis for developing an effective query-based
expert system. In this integrated intelligent DSS, the database will be utilized to configure the
cost-related quantitative part of the decision, and the simulation program will interpret and help
prioritize the measure selection decisions. Finally, the published literature will provide

installation- and safety-related details. This integrated process will support users in making their

12



decisions with more confidence, and will eventually help promote the adoption of energy

retrofitting.

1.3 GOALS AND OBJECTIVES

The primary purpose of this research is to support the development of an intelligent Decision
Support System by integrating quantitative information with expert knowledge in order to
facilitate effective retrofit decision-making. In order to achieve the research goal, the specific

project objectives below are attained:

OBJECTIVE 1: To understand the energy retrofit decision process framework

Samuel (2011) developed the Energy Retrofit Decision Process Framework. The framework is
the foundation of this thesis research. Within the context he proposed, this research identifies,
shortlists, and prioritizes retrofit measures based on users’ needs. Then, expert knowledge is

provided for the efficient installation of the measures.

OBJECTIVE 2: To understand the backgrounds of energy retrofit decision-making and
the use of expert knowledge by means of Artificial Intelligence (Al) / Expert Systems (ES) /
Decision Support Systems (DSS)

The main aspect of the overall Decision Support System is to provide expert knowledge to
consumers through a query-based expert system. Although this research is focused on the use of
guantitative data, an understanding of the associated expert knowledge is needed in order to
integrate the two effectively. Thus, the role of expert knowledge in residential energy retrofit

decisions should be explained at the beginning of this research.
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OBJECTIVE 3: To identify and explain various aspects of quantitative information
Quantitative information from various sources is another core of the Decision Support System.
Identifying and explaining the various aspects of quantitative information are necessary to
understand their integration in the DSS. In this research, the main quantitative information is

derived from three sources:

3a. The first data source for objective 3 is the NREM database, for the acquisition of the cost-

related information on energy retrofits.

3b. The second data source is BEopt energy simulation software for prioritizing the retrofit

measures initially selected, based on homeowners’ need.

3c. The third source is published text, figures and pictures, to provide various explanations and

installation advice for the selected measures.

OBJECTIVE 4: To integrate various aspects of quantitative information with expert
knowledge
For the effective use of the Decision Support System, various aspects of quantitative information

from Objective 3 are integrated with the DSS.
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Figure 1.3: Research Objectives

1.4 METHODOLOGY

In this section, the objectives were broken down into various work steps. This research
methodology was mainly based on the procedural approach to performing each objective step-
by-step. The feature of each component to be integrated was analyzed first; technical skills for
the integration were then introduced. The integration followed prototyping analysis and design,
which was a system development method for iteratively developing a system, from simple

samples to the final system, through learning acquired from the former simpler models.

OBJECTIVE 1: To understand the energy retrofit decision process framework

Step 1: Review the framework and refined expert knowledge
This research was based on the Decision Support System framework developed by the Task 6.3
research group. The framework included not only the overall framework for the subsequent

research but also the refined expert knowledge derived from interviews with residential energy
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experts. This study thoroughly explained the framework and the important role of expert
knowledge in residential energy retrofit decisions, and utilized the information to carry on this

research.

OBJECTIVE 2: To understand the backgrounds of energy retrofit decision-making and
the use of expert knowledge by means of Artificial Intelligence (Al) / Expert Systems (ES) /

Decision Support Systems (DSS): Step 2 and Step 3 are associated with this objective.

Step 2: Review research background
Initially, the background and needs of this research were reviewed. A full understanding of the
reciprocal actions among the tasks gave a holistic point-of-view for proceeding to the next step

of this research.

Step 3: Review the long-term plan of Task 6.3
In this step, the long-term plan of this task was examined. The whole picture of this task was

reviewed to explain the phases and their specific roles in this research.

OBJECTIVE 3: To identify and explain various aspects of quantitative information: Step 4
through Step 6 are conducted to achieve Objective 3. 3a to 3c identify the data sources used for

each step.

3a. The first data source for objective 3 is the NREM database, for the acquisition of the cost-

related information on energy retrofits.
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Step 4: Analyze current NREM database
The existing NREL portal was studied to learn about the NREM database. The database stored
properties and costs for measure components and measure actions, and a thorough analysis of the

NREM database was the solid foundation of this research.

3b. The second data source is BEopt energy simulation software for prioritizing the retrofit

measures initially selected, based on homeowners’ need.

Step 5: Learn how to use BEopt

In the process of developing this research, energy simulation programs were indispensable. In
the query-based Decision Support System, with the selected measures and cost information
chosen as a result of the user’s query and the NREM database, the energy efficiency results were
simulated with software, such as BEopt. Using tutorials to practice these programs increased

familiarity with them.

3c. The third source is published text, figures and pictures, to provide various explanations and

installation advice for the selected measures.

Step 6: Compile existing energy retrofit information and organize them
A literature-based study was performed to compile existing energy retrofit information; the text
and pictures from the study were organized according to the measure categories applied to the

Decision Support System. This information was used to illustrate the expert knowledge.
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OBJECTIVE 4: To integrate various aspects of quantitative information with expert

knowledge: Step 7 through Step 15 are associated with this objective.

Step 7: Understand and utilize XML

The NREM database was established with XML (eXtensible Markup Language). To understand
and use the XML database documents, XML and its related terms and syntax should be
understood. This study performed a literature-based study of XML and utilized this information

to analyze the NREM database in a technical way.

Step 8: Understand and utilize Exsys Corvid

Exsys Corvid was the main software being used to realize the new intelligent Decision Support
System. Exsys Corvid constituted the query system based on the main logic tree. In this process
it imported and utilized the external NREM database and energy simulation software.
Understanding Exsys Corvid was the key to the integration process. This study performed a
literature-based study, mainly using the tutorials and practicing with the program with an

example, and then applying this knowledge to the real integration.

Step 9: Utilize software tools for database and simulation program integration

To analyze the NREM database established with XML in a technical way, some software tools
were needed, such as XML Spy, BaseX and Microsoft Access. XML Spy was an XML editing
tool and BaseX was XML database software. Microsoft Access was a helpful tool for analyzing
databases as well. These programs were studied through their tutorials and practiced to increase

familiarity with them.
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Figure 1.4: The usage of software

Step 10: Develop simplified database integration sample

Database integration was divided into two categories: technical and business. The technical part
involved importing the external database to the Exsys System. This step did not consider the
complicated business logic tree very much. However, it was only after settling the technical
integration that the tremendous volume of business information could be added to the technical
structure. With the basic knowledge gained from the above software, a sample database

integration was conducted to explain the technical part of the integration.

Expert System External Database

Exsys Variable
Input (eActionID) 7

XML Variable

Variable
(XPath)

Value
10 . Exsys Variable
(eName)

XML file
XML Variable
(sName)

Figure 1.5: Sample Diagram of Database Integration
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Step 11: Develop simplified simulation program integration sample
The energy simulation program integration followed the same process as the database integration.
With the basic knowledge from the above software, sample simulation program integration was

performed, to explain the technical part of the integration.

Step 12: Analyze and understand the logic tree of the Decision Support System

A logic tree explained the hierarchical structure of queries that would be asked of the users. This
logic tree played the role of the foundation of the query-based Expert System. Therefore, only
after understanding the logic tree thoroughly, could the proper points be integrated into the
database and the simulation. This study explored the logic tree development performed by the

Task 6.3 research team.

Step 13: Fully integrate NREM database to Decision Support System

The full business and technical parts of the system were introduced, and the NREM database was
integrated into the Expert System. First, the NREM database was integrated into the Expert
System technically, and then the complicated business logic was applied to the system

development.

Step 14: Fully integrate energy simulation software to Decision Support System

The full business and technical parts of the system were presented, and BEopt was integrated
into the Expert System. First, the energy simulation software was integrated into the Expert
System technically, and then the complicated business logic was applied to the system

development, using an iterative methodology.
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Step 15: Run and modify the integrated Decision Support System

The whole process — to query the users in order to shortlist and prioritize their retrofit measures,
to select the cost data of the measures from the NREM database, to simulate energy efficiency
with BEopt, and to provide expert knowledge with the supporting text and pictures — was tested.

The general function of the integration model is evaluated to consolidate the system.
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1.5 RESEARCH SCOPE AND LIMITATIONS

1.5.1 Research Scope

The scope of this research is as follows:

152

This research covers overall home energy retrofits and task 6.3, Intelligent DSS for
Energy Efficiency Upgrades.

This research explains the fundamental concept of an Expert System and the main
application, Exsys Corvid, which is utilized to establish the query-based expert system.
This research analyzes the quantitative NREM database and the integration of the XML
database with an Expert System.

This research utilizes energy simulation software, BEopt, and integrates it with the Expert
System.

This research compiles existing residential retrofit research and Building America reports,

and integrates their text and visual information with the Expert System.

Research Limitations

The limitations of this research are as follows:

This research is based on the framework developed by the Task 6.3 research team for
Intelligent DSS for Energy Efficiency Upgrades.

This research mainly focuses on the quantitative knowledge in an Expert System.
Integrating database is limited to the NREM database.

Integrating energy simulation software is limited to BEopt.
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1.6 DELIVERABLES AND RESEARCH CONTRIBUTIONS
1.6.1 Deliverables
This research explains the quantitative database and the various applications for residential
energy retrofits, and utilizes them in an integrated, all-in-one Expert System. The following
research deliverables are identified and delivered:

e Integrate external energy retrofit data to an Expert System, and realize the practical use of

the NREM database cost information through the Expert System.
e Integrate external energy simulation software to an Expert System, and realize the

practical use of home energy simulation software through an Expert System.

1.6.2 Research Contributions

This research focuses on integrating several sources for home energy retrofit information and
software synthetically; the main outcome is the realization of a synthesized residential energy
retrofit information system. With this integrated intelligent DSS, this research contributes to
providing a unified source of home energy retrofit information, as well as easy access to that

home energy retrofit information.
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1.7 CHAPTER SUMMARY
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Figure 1.8: Simplified Research Structure
This chapter demonstrated the background information for this study. It developed the research
needs, goals and objectives, and the methodology for achieving those objectives. In the latter part,
research scope and limitations were clarified, and the deliverables and contributions of this

research were also provided.

Figure 1.8 and Figure 1.9 visualize the summary of this chapter.
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27



CHAPTER 2

LITERATURE REVIEW AND BACKGROUND INFORMATION

2.1 OVERVIEW

The previous chapter introduced the main purpose of this research, and specified the
methodologies for achieving the objectives. This chapter will present the literature review in four
categories, as shown in Figure 2.1. First, the background and the current state of decision-making
in energy retrofit will be explored, and then Artificial Intelligence (Al), Decision Support
Systems (DSS), and Expert Systems (ES) will be explained. In addition, the application of DSS

and ES in construction and other fields will be demonstrated.

- Needs for Energy Savings in Existing Buildings

Background of - Barriers to Residential Energy Retrofit
= Energy Retrofit [=—| - Retrofit Options
Decision-Making - Governmental Policies

- Energy Retrofit Programs

- Definitions of Al / ES / DSS
Literature Introduction of - Comparison of ES / DSS
EEY Al / ES / DSS - Components of ES / DSS
- Use of Database and Simulationin ES / DSS

- ES / DSS in Construction Management

DSS/ E? n - ES / DSS in Energy Retrofit
—| Construction & = - Integrated ES for Buildings
Energy Retrofit g g

- Improvement of Energy Analysis

Figure 2.1: Structure of the Literature Review

2.2 BACKGROUND OF ENERGY RETROFIT DECISION-MAKING
Today, the main concerns of worldwide environmental and energy policies are the improvement
of energy efficiency and a reduction in the environmental impact of buildings (Kolokotsa et al.
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2009). When searching for ways to reduce carbon dioxide (CO2) emissions and energy use,

policymakers and other stakeholders pay attention to energy consumption in buildings.

Commercial and residential buildings are responsible for 42 percent of energy consumption and
41 percent of CO2 emissions in the U.S (Palmer et al. 2012). However, it is significant to
acknowledge that approximately 86 percent of building-energy expenses are related to existing
buildings, not to new construction (Holness 2008). Clearly, significant reductions in CO2
emissions and energy consumption in the U.S. lie in retrofitting the existing building stock

(Palmer et al. 2012).

2.2.1 Needs for Energy Savings in Existing Buildings

New building codes, advanced appliance standards, and improvements in technology have
helped new buildings to be much more energy efficient than existing buildings. For example, on
average, a home built in the 1940s consumes 35 percent more energy per square foot than a
home built in the 1990s (U.S. Department of Energy 2008). According to the Joint Center for
Housing Studies (2009), approximately 40 percent of residential energy consumption is done by
homes built before 1970, and 72 percent is done by homes built before 1990. These examples
demonstrate that advances in home insulation, fenestration, and more efficient air-conditioning
in homes built more recently have paid off despite the increased percentage of households using

central air-conditioning (Holness 2008).

To reduce the energy consumption of existing buildings, the International Energy Agency (IEA

2008) suggests action on:
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e Building codes for new buildings

e Passive energy houses and zero energy buildings

e Policy packages to promote energy efficiency in existing buildings
e Building certification schemes

e Energy efficiency improvements in windows

Energy auditing for such actions can range from a simple survey to a detailed computer
simulation, and any actions related to the operations of existing buildings can include either
refurbishment or retrofitting. While the term refurbishment implies the modification of a
building to return it to its original state, retrofitting is comprised of the improvement of the

energy and/or environmental performance of a building (Kolokotsa et al. 2009).

Over the last decade, the residential building sector has been responsible for more than 20
percent of the total energy consumption in the U.S., which means housing has been a great
portion of the overall energy consumption and greenhouse gas emissions (Jones et al. 2010). In
addition, many research studies have demonstrated the potential for reducing the energy
consumption of households, implying that existing residential buildings will play a significant

role in this field (Jones et al. 2010).

2.2.2 Barriers to Residential Energy Retrofit
Although the importance of a residential energy retrofit is well known, the implementation rate is
slow due to the barriers in this field. The Home Performance Resource Center (2010) mentions

common barriers to energy audits and retrofits as follows:
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e Consumer inertia caused by time, cost, hassles, and general difficulties in collecting
information.

e Limited access to capital for financing improvements.

e Lack of public consciousness,

e Home retrofit services are unobtainable in many places.

One of the barriers is a lack of information about cost-effective investments for improving
energy efficiency. This is more important for owners of older, existing buildings who do not
have knowledge about how to evaluate energy retrofit options and how to improve the energy
efficiency. For example, homeowners usually do not know how much insulation is already
applied in their walls, what the best option is for providing additional insulation, and how much
energy they can save as the result of an energy retrofit. Comparing alternative options and
combinations of possible options are also difficult for general users (Joint Center for Housing

Studies 2009).

Palmer et al. (2012) also explained these barriers as being two-fold. The first issue deals with
whether the industry is influencing homeowners and providing them with suitable information.
The survey results and past reports demonstrate that the industry has only made a small step into
the residential market. The second issue is related to how much the homeowners are following
the suggestions of energy audits in order to improve the energy efficiency of their home. Their
research also demonstrates that homeowners rarely implement all of an auditor’s

recommendations for an energy retrofit (Palmer et al. 2012).
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While the lack of truthful, approachable, and actionable information on the best way to
accomplish the prospective savings is still a crucial barrier, another barrier can be the lack of a
supportive policy, such as financial incentives. Users experience difficulties in financing
expensive home retrofits, and renters’ find limitations in changing the energy use in buildings
owned by others. These barriers can be improved with proper support from governmental

policies (Gardner & Stern 2008).

Research conducted in the late 1970s, during the last U.S energy crisis, explained that a major
barrier to homeowners taking action was the inconvenience and difficulty of identifying and
executing energy retrofits, although utility companies provided rebates to households for most
major home retrofit costs (Gardner & Stern 2008). Another research review from the early 1980s
demonstrated that financial incentives for reducing initial costs stimulated more households to
implement retrofits. Governmental programs were found to derive stronger outcomes when they
were combined with nonfinancial supports to enhance the programs, such as strong marketing
strategies. These helped programs to be more expedient in convincing households to take
advantage of the incentives (Gardner & Stern 2008). During the 1970s and 80s, soaring oil prices
emphasized the need for energy savings to both homeowners and policymakers. However,
homeowners still did not know the best way to achieve this goal, and public policies could not
offer the necessary support for the homeowners to take effective action. These previous
experiences have led to changes in energy retrofit policies and public awareness for

contemporary homeowners and policymakers (Gardner & Stern 2008).
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Efforts to enhance residential energy retrofits have been continuously made. The U.S.
Department of Energy (DOE) Building America Program, which is a research program driven by
industry, has worked with building-science research teams and national laboratories to overcome
these barriers, and to expedite the development and adoption of innovative building energy
technologies in new and existing residential buildings. Their research is related to (US DOE BA
2011a):
e Developing retrofit strategies for existing homes in order to achieve substantial energy
savings and guarantee the safety and quality of residential buildings.
e Building new community-scale homes that not only save 40 to 100 percent on energy but
also improve indoor air quality and comfort, reduce construction time and waste, provide
innovative energy and material-saving technologies, improve productivity of builders,

and offer new product opportunities to manufacturers and suppliers.

2.2.3 Retrofit Options
There have been continuous efforts to develop residential energy efficiency options. Various
researchers have provided a list of retrofit actions, as follows (International Energy Agency [IEA]
2008):
e Lighting improvements such as the replacement of lamps and the adoption of a lighting
control system.
e Heating and cooling improvements such as the installation of additional monitoring
devices.
e Electro-mechanical equipment improvements such as corrections of load factors.

e General improvements such as insulation, and so forth
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Energy usage in residential buildings can be decreased by upgrading windows, adding internal
and external insulation to walls, adding insulation to roofs, and applying measures to reduce
uncontrolled air exchange (Harvey et al. 2009). Among such actions, the improvement of

insulation is regarded as one of the fundamental energy retrofit strategies.

According to the U.S. DOE, 2009 Buildings Energy Data Book, 60 percent of resident buildings
were not well insulated, and 70 percent of commercial buildings did not have roof or wall
insulation (Dernbach et al. 2011). The U.S. Census data (2010) highlighted the fact that
approximately 60 percent of the homes in the U.S were built before 1980; the majority of these
has relatively low level insulation, such as R-11, or even no insulation (Cooperman et al. 2011a).
The DOE Building Energy Data Book (EERE 2010) explained that homes built between 2000
and 2005 consume 40 percent less energy per square foot, compared to homes built before 1950.
This is mainly led by retrofit improvements to the building envelope at the household level,

implemented nationally (Cooperman et al. 2011a).

Existing homes can easily be retrofitted by adding blown in or spray insulation to wall cavities.
If a home retrofits with new siding, high-density foam can be added to the existing sheathing,
providing a new vapor and air barrier for the existing home. The general solution for attic and
roof retrofits is to add insulation to the attic. Additional insulation containing an air gap increases
the R-value of the roof, and helps the roof to maintain a constant temperature during cold

seasons (Cooperman et al. 2011a).
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Super-insulation is advantageous to most houses for both heating and cooling. With this retrofit,
any home using natural gas or electricity for its HVAC system has the potential to save 50
percent of their current utility costs. However, the cost of the retrofit and a long payback period
are hindrances to super-insulated construction. As higher energy efficiency products are supplied
at a lower cost, and as governmental policies encourage more energy efficient buildings, the

energy-retrofitted house will become more predominant on the market (Cooperman et al. 2011b).

2.2.4 Governmental Policies

Federal and state governments try to improve energy efficiency in the residential sector with
various programs, such as the Energy Star Homes program or the federal Building America
Program. In addition to such programs, there are separate tax credits for residential geothermal,
solar, and energy efficiency investments, to encourage homeowners to implement residential

retrofits and take advantage of these tax credits (Dernbach et al. 2011).

Homeowners — individual taxpayers — can receive a number of federal tax benefits by adopting
energy efficient measures and installing renewable energy equipment in their homes. The
purchase or installation of retrofit measures for building envelope or heating/cooling equipment
may meet the criteria for a tax credit, which is equivalent to 30 percent of the adequate
equipment cost; this is up to a 1,500 dollar tax credit per home. Home envelope technologies are
comprised of insulation or sealing, replacement of windows, skylights or external doors, and

qualifying window films or roofs (Dernbach et al. 2011).

35



The role of government incentives in residential retrofits looks intricate. According to Palmer et
al. (2012), while some survey results illustrate government rebates, tax credits, or other
incentives help to mitigate the costs of some energy improvements, other survey analyses show
that there is no discernible relationship between government incentives and the extent to which
homeowners pursue energy improvements (Palmer et al. 2012). However, it is certain that as
federal and state policymakers look for low-cost ways to decrease energy consumption and
greenhouse gas emissions, their efforts to create policies that support greater energy efficiency in

buildings are increasing (Palmer et al. 2012).

2.2.5 Energy Retrofit Programs
The government has developed several programs to improve the energy efficiency of buildings.

This section explains some of these programs.

The first program is the Weatherization Assistance Program (WAP), which began in Maine. It
was created to assist homeowners and renters to air seal their homes, to reduce the burden of
costly home energy bills. Though the program was started to apply low cost ad hoc methods, it
progressed to more permanent solutions. In the 1990s, WAP started implementing energy audits
in homes in 37 states, and achieved better energy efficiencies as high as 80 percent per home
through improving management practices, audit tools and training methods (Samuel 2011, Berry

etal. 1997).

The second program is the Energy Star Program, which is a joint program of the U.S.

Environmental Protection Agency (EPA) and the U.S. Department of Energy (DOE). It aims to
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protect the environment by means of the development of energy efficient products and measures.
This program encourages homes to be 15 percent more energy efficient than ones built to code
(Jones et al. 2010). It began in 1992, with an effort to mark appliances as energy efficient, with a
particular focus on computers. Since then, the program has expanded to include other appliances;
in 2009, Energy Star had 60 product categories under its program. It is estimated that the Energy
Star Program saved up to 17 billion dollars in energy-related expenses in the U.S (Samuel 2011,

US EPA 2010).

The third program is the Building America Program, which is an industry-driven program,
sponsored by the U.S. Department of Energy. The Building America Program emphasizes the
importance of energy efficient retrofits for existing buildings. The main goals of the Building
America Program are to build up energy retrofit strategies for existing homes, which would lead
to considerable energy savings, and to guarantee the safety and quality of homes. Building
America plans to reduce energy consumption in existing homes by 20-30 percent by the year

2020 (Samuel 2011, US DOE BA 2010a).

The last program discussed here is the BetterBuildings Neighborhood program, which has a
marketing focus. This pioneering program encourages the U.S. DOE, state and local
governments, communities, private-sector companies, and non-profit organizations to collaborate
on the improvement of energy efficiency from the neighborhood to the nation. The
BetterBuildings Neighborhood program aims to improve energy efficiency in homes, businesses,
and communities throughout the country (California Center for Sustainable Energy [CCSE]

2012).
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2.3 INTRODUCTION OF ARTIFICIAL INTELLIGENCE (Al), EXPERT SYSTEMS
(ES), AND DECISION SUPPORT SYSTEMS (DSS)
The concepts of artificial intelligent, expert systems, and decision support systems are explored
in this section. In the decision support process for energy retrofits, the decision maker has to
consider several aspects, such as environment, energy, finances, and social influence in order to
make the best choices on design and operation. However, the components related to decision-
making have intricate connections to each other, and consequently, the decision maker encounter
a multi-objective optimization problem. Thus, a more advanced decision support system is
needed to assist building experts in the application of their expertise, and to help other, general

users to follow the same decision-making methods the experts follow (IEA 2008).

2.3.1 Definitions of Artificial Intelligence, Expert Systems, and Decision Support Systems
The field of Artificial Intelligence (Al) deals with intelligent computers, which seizes and
demonstrates similar behavior characteristics to those of human beings. Al is more of a concept
than a discipline; it includes various related technologies, such as expert systems, natural

language processing, voice recognition, robotics, and pattern recognition (Bidgoli 1993).

Expert systems (ES) are a part of applied Al, and were initiated by the Al community in the mid-
1960s. The basic concept of ES is to employee the expertise, the enormous task-specific
knowledge derived from humans, to a computer. Users can recall the stored expert knowledge
through the computer for specific advice in solving a problem. The computer can arrive at a
specific conclusion by means of inferences. It then provides advice or necessary logic in the

same way a human expert would (Liao 2005). The emphasis of ES is on relatively narrow
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problems, where the range of problems is limited and the nature of the problem is known

(Bidgoli 1993).

Decision Support Systems (DSS) can be defined as a computer-based information system
composed of hardware, software and the human elements intended to assist any user’s decision-
making, thus improving the process and outcome of decision-making (Arnott 2004). The

emphasis of this type of system is on semi-structured or unstructured tasks (Bidgoli 1993).

2.3.2 Comparison of Expert Systems and Decision Support Systems

Expert systems (ES) and decision support systems (DSS) are two growing areas in computer
appliances. Both of them support the decision making and problem solving of users, and their
primary goal is to improve the quality of the decision-making process (Doukidis 1988). However,

they differ in some aspects.

A DSS consists of a database, a model base, and dialog management, while an ES consists of a
knowledge base, an inference engine, and a user interface (Bidgoli 1993). A DSS is an
interactive, computer-based information system that employees decision rules and models,
combined with a comprehensive database. Compared to a DSS, an ES is a computer program
that utilizes a knowledge base containing expert knowledge for a specific problem. In addition, it
has a reasoning mechanism and uses inferences for selecting information from the knowledge
base. An ES also includes an explanation and justification mechanism, which provides the user

with some details of the reasoning process (Turban & Watkins 1986).
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While the problem area dealt with by a DSS is broad and complicated, an ES is constrained to a
more structured and narrow domain. Therefore, a DSS is appropriate for informal and unique
situations, and an ES is suitable for providing advice on recurring problems. Generally, an ES
can be qualified as a special class of DSS, with distinctive characteristics, and can help a DSS to
be more active and valuable in the decision process. For example, a DSS is often used to answer
the question “what if?”” but a DSS combined with an ES can also answer the question “why?”

(Turban & Watkins 1986).

Duan and Burrel (1995) summarized some of the comparisons other researchers made between
an ES and a DSS: According to Ford (1985), the objective of a DSS is to support the user’s
decision-making process by providing access to data and models, while an ES gives the user a
significantly better and more correct conclusion or decision than could otherwise be attained.
Thus, a DSS enables the user to deal with a problem in a flexible and personal way when
operating the data and models, while ES has less flexibility. Turban and Watkins (1986) also
pointed out that the problem area of a DSS is broad and complex, while an ES deals with more
structured and narrow areas. Doukidis (1988) stated that a DSS implements flexible problem-
solving tools and data for the users to utilize in their own way, instead of the fixed problem-

solving process of an ES.

2.3.3 Components of an Expert System
An ES application can be composed of the subsystems as follows (Syal 2012, Rolston 1989):
e User Interface: The user interface provides the user with an accessible medium for

interaction with the system. It receives the information from the user and translates it to
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the system; it then provides the user with information from the system in a format that the
user can easily understand.

Knowledgebase: This stores the expertise in the form of heuristic, qualitative and factual
knowledge. The ability of an ES to be a reliable decision support tool depends on the
capacity of the knowledge accumulated in the knowledgebase.

Inference Engine: This is a software system that performs the reasoning process and
infers new decision-making options based on the stored expert knowledge. It utilizes 2
primary functions: backward chaining and forward chaining. Backward chaining is a top-
down reasoning process that begins with the desired goals and works backward to the
required condition. Forward chaining, on the other hand, is a bottom-up reasoning
process that starts with the known conditions and works to the desired goal. The
inference engine fortifies the ES, giving it the ability to infer new knowledge with which
it can respond to different situations.

Explanation Facility: An ES uses the explanation facility to explain the logic it used in
providing the output. It identifies the steps it utilized in the reasoning process, and
demonstrates them in a format that can be easily understood by the user. Compared to
traditional computer systems, the explanation facility makes the ES more reliable by

explaining the reasons for its decision-making.
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Figure 2.2: Components of an Expert System

2.3.4 Components of a Decision Support System

Though a DSS and an ES share similar concepts, their components are slightly different. Turban

et al. (2004) defined the subsystems of a DSS as follows:

Data Management Subsystem: The DSS has a database that includes relevant data for
specific situations and is manipulated by software, called the database management
system (DBMS). The data are usually stored or accessed through a database web server.
Model Management Subsystem: This is a software package containing statistical,
financial, or other quantitative models. These models implement the analytical
capabilities of the system and adequate software management. This component can be
linked to internal or external model storage.

User Interface Subsystem: The user communicates with the DSS via this subsystem.
Some of the unique features of a DSS are the intensive interactions between the decision-
maker and the computer. A familiar graphical user interface structure is provided by the

web browser.

42



e Knowledge-based Management Subsystem: This can act as an independent subsystem,
or can support other systems. It can also be interconnected with the organization’s
knowledge repository inside a knowledge management system. Knowledge is usually
provided via a web server, where many artificial intelligence methods have been

executed.
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Figure 2.3: Components of a Decision Support System

Among the components, the knowledge-based management system is optional for a DSS, but it
can provide advantages by providing support for the other three components with expert

knowledge (Turban et al. 2004).

2.3.5 Integration of Expert Systems and Decision Support Systems

Most existing ESs and DSSs are not integrated. While an ES provides an independent expert
consultation system, a DSS provides support devices to decision makers. However, when the two
systems are integrated, it can yield synergetic results in certain problem domains. While typical

DSSs are suited for quantitative, mathematical, and computational reasoning, a DSS should also
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be implemented to support qualitative analysis based on analogical reasoning, pattern recognition,
content analysis, and so forth. ESs are also appropriate for these types of methodologies, and
thus can help the DSS be more interactive and more valuable in the support of a variety of

decision processes (Turban & Watkins 1986).

As explained in section 2.3.4, the Data Management Subsystem, Model Management Subsystem
and User Interface Subsystem are the fundamental components of a DSS. The optional
component, the Knowledge-based Management Subsystem, plays a role as an ES, supporting the
qualitative analysis with a reasoning process. In this research, both quantitative and qualitative
information will be used for residential energy retrofits, and a DSS combined with an ES will be

the foundation of the intelligent DSS, which will be implemented in the later steps.

2.3.6 Use of a Database in Expert Systems

Expert Systems or Decision Support Systems are sometimes combined with a database to
improve the functions of both the database and the ESs or DSSs. Turban and Watkins (1986)
advocate the idea of integrating an ES into the database and database management systems
(DBMS) to enhance the maintenance and operation of the database and DBMS by adding
reasoning ability to the DBMS operation. Through this integration, the user can know both the
contents of the stored facts and the meaning of the facts, enabled by the rule-based capabilities of

expert systems (Bidgoli 1993).

A DBMS usually provides some fundamental capabilities, such as the summarization or

categorization of data. However, users often expect more high-level capabilities. The
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sophisticated semantic knowledge and inferential capabilities that would come with integrating

an ES could make a DBMS more efficient and user-friendly (Turban & Watkins 1986).

In the early 1990s, many MIS practitioners implemented DSSs using relational database
technologies, such as Oracle or DB2. A DSS is usually used to help make managerial decisions,
and analyzes many units of data in a heuristic way. During this period, the leading technology
transferred information to a client/server-based DSS from a mainframe-based DSS; some online

analytical processing (OLAP) applications also emerged (Power 2003).

2.3.7 Use of Simulation in Expert Systems

In addition to the integration of expert systems and DBMSs, simulation applications can also be
combined with ES. The purpose of incorporating expert systems with simulations is to integrate
the different functions in a modular way, as well as to validate a simulation model using expert

systems (Waikar et al. 1993).

Both simulation and Al, including ES and DSS, deal with complex real-world systems. They
have similar modular representations of knowledge and inference procedures. In addition, Al and
simulation both identify and encode diverse structural and functional factors for running a
system. In this context, expert system research has encouraged the combination of Al and

simulation (Waikar et al. 1993).

For example, combining an expert system with building simulation for an assessment of HVAC

systems makes a holistic approach available. Building simulation provides a useful tool for
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assessing a design and overall building performance; it also helps an ES to analyze and infer the

thermodynamic behavior of HVAC systems (Avgelis & Papadopoulos 2010).

In this research, several existing building energy efficiency simulation applications are
considered, such as Building Energy Optimization (BEopt), Model Maker, eQuest, and
REM/Rate. Among these applications, BEopt and Model Maker were developed by the National
Renewable Energy Laboratory (NREL). While BEopt runs as a stand-alone application, Model
Maker runs as a web-based application, and provides a more simplified energy simulation than
BEopt. Through several tests and trials, BEopt was selected as the simulation software for this

research.

2.4 EXPERT SYSTEMS AND DECISION SUPPORT SYSTEMS IN CONSTRUCTION
AND ENERGY RETROFIT

Energy conservation is a key concept in sustainable buildings, but it is difficult to keep the

balance between energy savings and the occupants’ comfort. Therefore, advanced Al techniques

are being implemented in this area, aimed at meeting the requirements of energy efficiency and

the building users’ amenities (Dounis 2010).

2.4.1 Expert Systems and Decision Support Systems in Construction Management
According to Turban et al (2004), the key characteristics and capabilities of an ES and a DSS can
be summarized as follows:

e Semi-structured and unstructured problems

e Support managers at all levels
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Support individuals and groups

Interdependent or sequential decisions

Support intelligence, design, choice, implementation
Support variety of decision processes and styles
Adaptable and flexible

Interactive ease of use

Effectiveness, not efficiency

Humans control the machine

Ease of development by end users

Modeling and analysis

Data access

Standalone integration and web-based

These characteristics are also suitable for the construction management field. Several researchers
have suggested potential applications of expert systems in construction management (CM),
particularly in the sub-fields of estimating, construction planning, site planning and construction
financing (see Al-Tabtabai et al 1997, Baldwin & Oteifa 1993, Son 2005, and Warszawski 1985).

In addition, Kaklauskas et al (2007) looked at the construction quality assessment system, for

which an expert system has been implemented.

1) Estimating

Expert systems can be cost-effectively applied in this area. The knowledge base of an estimating

system should include the various types of projects in the form of trees of semantic networks
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with a hierarchical composition of elements. Labor, materials and equipment per work unit are
the inputs of production factors, and allocation of project overhead, the nature of the project, its
size, and other significant parameters build the rules. The context would contain all the relevant
information about the project to be priced. The inference procedure would include the sequential
identification of the various physical project components, matching them with proper

components in the knowledge base (Al-Tabtabai et al 1997, Warszawski 1985).

2) Construction Planning
Construction planning is the most complicated activity. It includes scheduling, resource
allocation and the budgeting of a project. The knowledge base would contain a representation of
different project types for the user’s construction activity, such as residential, commercial, or
industrial buildings. It would be provided as a frame system or a semantic network, including its
construction technologies and work composition. The context information would include general
project descriptions, quantities of the components, and some constraints for construction. It
would also contain information about the company’s own resources, their allocation status, and
so forth. The inference procedure would apply the project data to the existing representations in

order to match the proper case (Baldwin & Oteifa 1993, Warszawski 1985).

3) Site Planning
In this area, the ES aims to decide the location of equipment, materials and support facilities at
the construction site. The knowledge base would include the pertinent specifications for the main

construction equipment and the constraints on their location as well as a certain optimization
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algorithms. The context would have information about the specific site to be planned, and a list

of the equipment and facilities for the project (Son 2005, Warszawski 1985).

4) Construction Financing
The purpose of a construction financing ES is to design and control cash flow in a construction
company. The knowledge base would include a project representation similar to a construction
planning representation, and the context would include the resources and cash flow information
about the particular project. The inference procedure would be initiated by generating the
preliminary cash flow using standard assumptions, and then modified according to the rules in

the knowledge base and the constraints in the context (Warszawski 1985).

5) Construction Quality Assessment
Kaklauskas et al. (2007) explained an example of a hybrid decision support system in the
construction area. The system supports the quality assessment of construction projects. It
automates the assessment process by using digital images of the project area, analyzing the
images to detect defects in the measures. In this process, the DSS incorporates advanced
technologies such as digital cameras, optical scanners, gyroscopic technology, machine learning,
pattern recognition, and image processing. The hybrid decision support system for construction
quality assessment can provide a reliable result and reduce the time needed for analyzing the

collected data (Kaklauskas et al. 2007).
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In addition to these, ESs and DSSs can be used in other construction management areas, such as
production scheduling in a plant to prefabricate concrete building components (Dawood and

Marasini 2001).

2.4.2 Decision Support System in Energy Retrofit
Juan et al. (2009) suggested a decision support system for the energy retrofit of buildings. The
development procedure of such a DSS includes three steps (Juan et al. 2009):
e Evaluate the online mechanism for condition evaluation, including the physical and
functional states of residential buildings.
e Implement an optimization algorithm model with two facets: quality priority and budget
priority, in order to understand the satisfactory retrofit strategies.
e Demonstrate the interface of the decision support information to users who plan to

improve the energy efficiency of their homes.

In this DSS, two main decision models will be implemented according to the user’s priority.

1) Budget-based Restriction (Budget Priority)
Homeowners usually have a pre-determined retrofit budget. However, it is difficult for them to
successfully perform the retrofit work to meet optimum quality standards without sufficient
knowledge and experience. This budget prioritization system can provide these results in an
intelligent way, by presenting the optimal quality of retrofit actions that are within the user’s

fixed budget.
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2) Quality-based Restriction (Quality Priority)
Homeowners may also have an expectation regarding retrofit quality. Housing retrofits can be
considered in two ways. One is to recover current function or performance, and the other is to

increase or renovate the function or performance.

In this example, the DSS consists of an interface module, an analysis module, and a database
module. The interface module provides expert knowledge in a user-friendly way, to improve the
quality of communication among the users, the retrofit designers and contractors. The operating
analysis module helps make the complicated operation process more efficient and effective. The
dynamic database module provides updates on cost data and on new retrofit action skills

available in a market (Juan et al. 2009).

2.4.3 Expert Systems in Energy Retrofit

A number of Building Energy Management Systems (BEMS) have been implemented with the

recent evolution in information technology. The purpose of the BEMS is to minimize energy

consumption and maintain the amenities for the occupants of a building. The decision-making

process in an effective energy management system is supported by adequate tools and

methodologies. Doukas et al. (2009) proposed an energy retrofit model with the following units:

e Proposals Database: This database contains a set of possible retrofit measures,

specifically for building operations, installation and maintenance costs, and energy saving
costs attained by the application of measures. The data are based on the results of a
survey conducted in Greece, related to the implementation of energy efficiency for

existing homes, and the cost data are adjusted to reflect today’s prices.
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e Decision Support Unit: This is the core of the model and provides the sequence of the
evaluation processes for the retrofits. The unit’s evaluation is implemented by experience
data and external parameters. Experience data give intelligent characteristics to the
decision support unit, and the external parameters cover new equipment costs, taxes,
interest rates, fuel costs, and so forth.

e Experience Database: This contains the BEMS data, relevant external parameters, and
experience database. The decision support unit can extract the building information
needed for the decision process from the experience database.

e Proposal List: This includes the final list of proposals for the building, combined with

their pertinent data.

This model incorporates experience, the BEMS-associated data, and external factors such as
climate conditions, investment rates, and fuel costs. It also shows the potential for introducing

new retrofit actions and new energy-efficient standards (Doukas et al. 2009).

2.4.4 Integrated Expert System for Buildings

The refurbishment of buildings mainly uses neural networks, genetic algorithms, fuzzy systems,
knowledge-based systems, and decision support systems. Decision support systems play a
significant role in this area, and various DSSs have been developed, such as the Energy
Performance Indoor Environmental Quality Retrofit (EPIQR) and the Tool for selecting Office
Building Upgrading Solutions (TOBUS). EPIQR is a decision support application that includes
financial, technical, energy and comfort analysis. It has been developed to help surveyors,

architects, or building owners select the most appropriate refurbishment actions in order to

52



renovate the physical and functional state of a building, to increase the indoor air quality and

reduce energy consumption (Zavadskas et al. 2006).

Zavadskas et al. (2006) developed a Building’s Refurbishment Knowledge and Device Based
Decision Support System (BR-KDDSS), which is composed of a database, a database
management system, a model-base, a model-base management system and a user interface. The
BR-KDSS provides users with the general physical and functional information of the building,
the physical state of the building envelope, a calculation of the quantity of refurbishment work to
be implemented, the adjusted energy consumption of the building, required measures for
improving the indoor air quality, an analysis of the refurbishment scenario, and so forth.

(Zavadskas et al. 2006).

The database of BR-KDDSS includes the following tables (Zavadskas et al. 2006):

e Initial Data Tables: These include general facts, and information on the deterioration
and obsolescence of the building. They also contain the purpose and significance of the
refurbishment, and cost information.

e Refurbishment Solutions Tables: These provide knowledge about substitute building
refurbishment solutions pertaining to building enclosures, utilities and space planning,
and so forth.

e Multi-variant Design Tables: These contain knowledge about the interrelationship of
measures to be improved, possible combinations and compatibility of the measures, and

complicated multi-variant design data about the refurbishment.
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The BR-KDDSS also consists of four main categories for the decision-making rules and
procedures (Zavadskas et al. 2006):

e Alternatives for the Elements of a Renovated Building: These rules suggest possible
improvements to the retrofit measures.

e Criteria Describing the Generated Alternatives: These rules include the system criteria
for retrofit measure improvement, and provide the values and importance of each
criterion.

e Development of Suggestions: The rules in the BR-KDDSS suggest suppliers to use, and
further negotiations to be performed. The main goal of this rule set is to find the most
suitable suppliers based on the user’s budget, the cost of measures, the priority, utility
bills, market value of the building elements, and the reputation of the suppliers.

e Composition of Comprehensive Negotiation: The system composes a negotiation email
for each chosen supplier based on previous BR-KDDSS data, the rule sets and procedures.
It includes information about price negotiations for measures, and a reference to the

system calculations.

In addition, Zavadskas et al. (2006) suggested two more improvements to the knowledge
subsystem. One is the improvement provided by construction innovation knowledge, which is
derived during the life cycle of a construction project. The other is the improvement supported
by communicating with construction experts to acquire their knowledge. Through these efforts,

users can obtain a more satisfactory result from the refurbishment (Zavadskas et al. 2006).
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2.4.5 Assessment and Improvement of Energy Analysis

This research aims to implement an intelligent Decision Support System incorporated with a cost

database and with energy simulation software. Polly et al. (2011) explained the National

Renewable Energy Laboratory’s (NREL) methodology to access and improve the accuracy of the

energy analysis for residential buildings. This will be the basis of the system development in this

research. Among several ongoing efforts by the NREL to improve energy analysis accuracy,

there are some topics relevant to this research (Polly et al. 2011):

National Residential Efficiency Measures (NREM) Database: The NREM database
was developed in 2009, to produce standard technical definitions for energy retrofit
measures. Thus, software analysts and developers trying to make energy retrofit-related
systems can access the database in order to utilize consistent input information. The
database is open to the public via a web interface and XML (extensible markup language)
feeds. It will be updated regularly to improve the measure definitions.

Building America House Simulation Protocols: The NREL continues to sustain and
upgrade the Building America House Simulation Protocols, which were developed in
2010. These improvements will be documented and other organizations can adopt the
published updates.

BEopt Diagnostic Test Suite: BEopt is a building energy optimization tool, developed
by the NREL to expedite the prompt comparison of research-level building simulation
engines. Since BEopt is intended to assess alternative energy efficiency options and
retrofit measures in new construction and existing buildings, comprehensive building
characteristics, including site conditions and the behavior of occupants, can be simulated

in an automatic and systematic way.
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e Estimating Uncertainty in Energy Analysis Predictions: When a system is developed,
some degree of uncertainty exists in exactly how the input value matches the real “true”
value, whether an input is defaulted, estimated, or measured. These input errors lead to
output errors through a building energy simulation program, making some inaccuracies in
software predictions possible. A number of ongoing research studies are related to the

minimization of these errors.

These topics will suggest the direction of the integration model in this research. More detailed

explanations will be provided in subsequent chapters.

2.5 CHAPTER SUMMARY

In this chapter, a number of articles and books were reviewed, in order to configure the logical
and theoretical support for this research. First, the background and current state of decision-
making in energy retrofits were examined. Then, Al, ES, and DSS were introduced, and
applications in the construction and energy retrofit fields were examined. Furthermore, the
components and structures of some existing DSSs and ESs were scrutinized as reference

examples for the integration model in this research.
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CHAPTER 3

FRAMEWORK FOR IMPLEMENTING INTEGRATION

3.1 OVERVIEW

According to the Partnership for Advancing Technology in Housing (PATH 2002), one of the
barriers to the extensive implementation of energy efficient measures in existing homes is the
absence of a standard protocol that prescribes the professional method for residential energy
efficiency. To overcome this barrier, a standard protocol was developed by conducting
interviews with construction-industry professionals. The Energy Retrofit Decision Process
Framework for a query-based intelligent decision support system was configured by the Task 6.3

research team, based on this protocol (Samuel 2011).

The main purpose of this research is to integrate the quantitative data sources into a query-based
intelligent decision support system. The framework forms the foundation for the integration
model development. The framework and its example will be analyzed in this chapter, before
proceeding to the system development. Then, the use of expert knowledge in energy retrofit will
be explained, and the software for dealing with such expert knowledge will be examined for the

next step of system development.

3.2 THE ENERGY RETROFIT DECISION PROCESS FRAMEWORK
The Energy Retrofit Decision Process Framework defines the steps for implementing the
standard protocol for a residential energy retrofit. In addition, it classifies the data sources for the

framework into qualitative data and quantitative data. In this research, the integration model will

57



be developed following the basic process of the framework, with a focus on the integration of
quantitative data sources, such as the NREM database, BEopt and other published information in
the form of images, text files and web links. The framework consists of three main steps: identify
retrofit measures, shortlist and prioritize measures, and provide expert advice on installation.
Each function will be explained in the following sections, with an additional description of

quantitative data integration.

A. Identify Retrofit Measures

a. Quick Prescriptive Package Measures
b. Detailed List of Measures

! \/
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User Budget

Prioritized X 3
Measures L :

" Published

! Info & BA
C. Provide Expert Advice on Installation ! Resource

Level of Installer Installer Mat. Sel. & Other
Difficulty Skill Safety Procurement Factors

0 - Qualitative Info 7 - Quantitative Info

Techniques

Figure 3.1: Energy Retrofit Decision Process Framework (Source: Samuel 2011)

3.2.1 Ildentifying Retrofit Measures
The retrofit measures are identified in the query-based intelligent Decision Support System
through a query process in which the users provide information about the current measure

conditions of their homes. This framework takes a dual approach, analyzing both homeowner
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needs and home upgrade needs, and considering upgrade possibilities for the existing

inefficiencies.

In this framework, retrofit measures are classified by the measure types of the NREM database:
major appliances, domestic hot water, enclosure, heating ventilation and air conditioning (HVAC)
equipment, lighting and miscellaneous. If a measure component is identified as being older than
its useful life, or if the system is inefficient, it is considered as needing to be upgraded to existing

energy standards, such as Energy Star, or the Building America Benchmark (Samuel 2011).

3.2.2 Shortlisting and Prioritizing Measures
Once the measures have been identified, they are shortlisted to fit the homeowner’s budget and
are prioritized based on cost effectiveness, to help the owners obtain the maximum return on

investment from the retrofit, following the order explained below (Samuel 2011).

First, an energy simulation tool is used to determine the energy savings, which will help the
system to prioritize measures based on the user’s budget and the cost effectiveness of the
measures. Second, the system gives top priority to homeowner needs when shortlisting and
prioritizing measures. Thus, the user’s immediate need has the highest priority, even if it is less
cost effective than another. Third, the system considers interactions between components of the
home. In order to analyze the energy-related interactions, Samuel (2011) divided the measures
into three types: thermal envelope and lighting measures, heating and cooling measures, and
stand-alone measures. Major energy-related interactions occur in thermal envelope and lighting

measures, and in heating and cooling measures. Stand-alone measures, such as non-HVAC
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appliances, have either limited or no interactions with other components in terms of energy
performance. The final step of the framework deals with health and safety-related information,

and suggests strategies to help alleviate these issues (Samuel 2011).

3.2.3 Providing Expert Advice on Installation

The framework defines the final function of the process as providing information related to
measure installation. Through expert interviews, this installation information has been
categorized as follows: installation techniques, level of installation difficulty, installer skill level,
installer safety, material selection and procurement, and other factors. The main sources of
installation information are expert knowledge, published information and existing Building
America resources; they will be provided in the form of images, text files and web links (Samuel

2010).

3.2.4 Integrating the Quantitative Data Sources

In this framework, quantitative data play a significant role in prioritizing measures by providing
cost information. BEopt provides annual energy savings that result from the retrofit measure
simulation, and the NREM database delivers retrofit implementation costs from the current
before-component to the energy efficient after-component. The cost information collected from
these external data sources is utilized in a calculation to derive the cost effectiveness. In this
research, the integration model focuses on this quantitative data integration feature. However, it

also follows the general steps of the framework, as explained in the preceding sections.
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3.2.5 Using Expert Knowledge
The expert interviews were conducted by the Task 6.3 research team in order to elicit expert
knowledge about residential energy retrofits. The knowledge extracted from the expert
interviews is summarized as follows (Samuel 2011):
e Measure Selection

- Decisions must be made within the user’s budget, with cost-effective prioritization.

- Measures must be analyzed using computer energy modeling.

- Interactions between building components must be considered.

- User motivation for retrofits must be addressed.

- The user must be provided with post-occupancy health and safety information.

e Construction/Installation Knowledge Categories

Techniques

Installer skill

Installer safety

Material selection and procurement

Other factors

The expert knowledge is used to form a decision tree, which is a group of decision-making rules.
The main logic is then derived from the rules in order to improve the energy efficiency of the

existing homes.
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Figure 3.2: Developing ES Logic Using Expert Knowledge

3.2.6 Modified Framework for the Integration of Quantitative Data Sources

The Energy Retrofit Decision Process Framework originally contained the entire Decision
Support System process and data sources, including qualitative data. However, the framework is
analyzed here in a simplified manner, with a focus on the integration of quantitative data sources

and the working process. Figure 3.3 illustrates the modified framework.
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3.3 ANALYSIS OF THE FRAMEWORK WITH AWORKING EXAMPLE

The integration model was developed based on the framework. To demonstrate the
comprehensive integration of quantitative data sources with the overall process, the integration
working example follows the main procedure and measure settings of the framework example
developed by the Task 6.3 research team (Samuel 2011). The original framework example is
analyzed below; however, it has been slightly modified to make it more appropriate for the
software applications which are being used for the integration model. The BEopt example has

been newly simulated with modified measure information, using a more recent software version.

3.3.1 Overview of the Framework Working Example
The example hypothesized a 100-year-old home, measuring 2,200 square feet of finished area
with three bedrooms and two bathrooms (see Figure 3.4). The user’s budget is set at 8,000

dollars.

Age [100 years Beds| 3 v| Baths| 2  TotalFinished [ 2200 saft

Figure 3.4: BEopt Modeling of the Working Example
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(For interpretation of the references to color in this and all other figures,

the reader is referred to the electronic version of this thesis.)

In this research, the integration working example assumes that six retrofit measures were
selected beforehand, through queries related to the current energy efficiency of the existing home.
The measures were categorized by the three types explained in Section 3.2.2, and it is assumed
that the user needs to replace the dishwasher immediately. The six measures and their
improvements are described as follows:
e Stand-Alone Measures
- Replace the current dishwasher to a new Energy Star-rated dishwasher.

e Thermal Envelope and Lighting Measures

Insulate attic to R-60 fiberglass.

Insulate crawlspace wall to R-15 continuous.

Upgrade existing windows from single-pane to triple-pane.

Upgrade existing lighting from 20% CFL to 100% CFL.

e Heating and Cooling Measures

- Upgrade existing gas furnace from 78% AFUE to 92% AFUE.

3.3.2 BEopt Energy Simulation for the Selected Measures
BEopt energy simulation software version 1.1 was used to derive the annual energy savings for
the selected measures as shown in Figure 3.5. Ten cases were run for this example:

e Case 1 - Un-retrofitted: This represents the current measure states of the existing home.

It plays the role of a reference point for comparison with the other cases.
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Case 2 — Dishwasher: This case is modeled to examine the improvement in annual
energy savings when only the dishwasher is applied. In this case, the BEopt input option
of a dishwasher is adjusted to a more energy efficient one, while the rest of the options
stay same as Case 1.

Case 3 — Attic & Ceiling: This examines the improvement when only attic and ceiling
insulation are applied.

Case 4 — Crawlspace Walls: This examines the improvement when only the crawlspace
wall insulation is applied.

Case 5 — Windows: This examines the improvement when only the windows are
upgraded.

Case 6 — Lighting: This examines the improvement when only the lighting is upgraded.
Case 7 — Furnace: This examines the improvement when only the furnace is upgraded.
Case 8 — Without Furnace: This case is modeled to derive the total heating cost of the
un-retrofitted home. It removes the heating load by adjusting the furnace input option to
“None” while the rest of the input options are identical to Case 1.

Case 9 — Retrofit + Furnace: This case is modeled to examine the improvement when
all six measures are applied, including the furnace.

Case 10 — Retrofit — Furnace: This case is modeled to derive the total heating cost of
the fully retrofitted home. It removes the heating load by adjusting the furnace input

option to “None” while the rest of the input options are identical to Case 9.
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Figure 3.5: Annualized Utility Bills Graph from BEopt (Total Costs)

As explained in Case 8 and Case 10, heating costs are derived separately from other measures, in
order to assess the influences of the furnace. The calculation is suggested as follows (Samuel

2011):

The total heating cost of the un-retrofitted home is derived:

UH = UF — UWH = (Cost of Case 1) — (Cost of Case 8)

Where

UH = Total energy consumption for heating the un-retrofitted home

UF = Total energy consumption of the un-retrofitted home with heating load (Case 1)

UWH = Total energy consumption of un-retrofitted home without heating load (Case 8)
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The total heating cost of the fully retrofitted home is similarly calculated:

RH = RF - RWH = (Cost of Case 9) — (Cost of Case 10)

Where

RH = Total energy consumption for heating the retrofitted home

RF = Total energy consumption for the retrofitted home with heating load (Case 9)

RWH = Total energy consumption of the retrofitted home without heating load (Case 10)

The framework investigates the inter-relationship between thermal envelope and lighting
measures, and heating and cooling measures. These heating costs are used to examine the
reciprocal actions, and to consider a reduction in the size of the furnace, as a result of improved

energy efficiency, when the other retrofit measures are applied (Samuel 2011).

3.3.3 Cost Information Sources

The main quantitative data sources for this framework are the National Residential Efficiency
Measures (NREM) database and Building Energy Optimization (BEopt). In addition to these, the
framework also employees the Database of State Incentives for Renewables and Efficiency
(DSIRE) in order to use cost information related to annual loan payments and the financial

incentives available from the government for the installation of energy efficient measures.

DSIRE is a continuing project of the North Carolina Solar Center and the Interstate Renewable
Energy Council (IREC), which is funded by the U.S. Department of Energy’s Office of Energy
Efficiency and Renewable Energy (EERE), mainly through the Office of Planning, Budget and

Analysis (PBA). The site is managed by the National Renewable Energy Laboratory (NREL).
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The database includes information about renewables, energy efficient technologies and measures

for both Federal and State resources (DSIRE 2011, Samuel 2011).

3.3.4 Basic Cost Formula for the Prioritization of Measures

After collecting the cost information from external sources, the cost effectiveness is calculated

by means of Effective Cost and Effective Return. These two values are derived from the cost

information gathered from the NREM database, BEopt and DSIRE. Figure 3.6 illustrates the

overall calculation.

A Measure Ex) Attic Insulation

B Existing Efficiency

C Upgrade Efficiency

D Cost (NREM DB)

E Incentive Amount (From DSIRE)

F Effective Cost D-E

¢8| Annual Loan Payment (From DSIRE)

;M Annual Energy Savings | Un-retrofit— Retrofit
Effective Return H-G
Simple Payback F/H

€ NREM

€ Exsys Calculation

€ Exsys Calculation
< BEopt & Exsys Calculation

Figure 3.6: Cost Information for Prioritizing Measures (Modified From: Samuel 2011)

According to the framework working example developed by the Task 6.3 research team (Samuel

2011), each column represents the cost information as follows:

e Column A: Specifies the name of measure to be improved.

e Column B: Represents the existing efficiency of the measure, which is equivalent to the

before-component in the NREM database.
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Column C: Represents the upgraded efficiency of the measure, which is equivalent to the
after-component in the NREM database.

Column D: Represents the cost to implement the improvement of the measure from the
existing efficiency (Column A) to the upgraded efficiency (Column B), which is
calculated by multiplying the measure quantity with the average unit cost from the
NREM database.

Column E: Represents the incentive amount, which is derived from DSIRE.

Column F: Represents Effective Cost, which is the cost information directly used for
prioritizing retrofit measures. The other cost information in this table is collected in order
to derive Effective Cost and Effective Return in Column 1.

Effective Cost

= NREM Cost - Incentive Amount = Column D — Column E

Column G: Represents the annual loan payment, which is derived from DSIRE. In the
working example, Samuel (2011) assumed an annual loan payment for a term of ten years,
with a fixed annual percentage rate (APR) of 7 percent.

Column H: Represents the annualized energy savings derived from the BEopt energy
simulation.

Column I: Represents Effective Return, which is directly used for prioritizing retrofit
measures with Effective Cost in Column F.

Effective Return

= BEopt Annual Energy Savings — Annual Loan Payment = Column H — Column G
Column J: Represents Simple Payback, which means the number of years to pay back

the investment cost for the retrofitting measures. Retrofit measures whose Simple
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Payback years are greater than the number of years the user intends to live at the home
are rejected on the prioritized list, except for the user’s immediate needs, and the furnace
performance requirements need to be re-assessed to reflect the improved efficiency
achieved with the other updates.

Simple Payback

= Effective Cost / BEopt Annual Energy Savings = Column F / Column H

Based on this cost information, the retrofit measures are prioritized and the remaining budgets
are calculated as follows (Samuel 2011):
e Prioritizing Process
1) Pick the immediate user need.
2) Pick the highest Effective Return.
3) Pick the next highest Effective Return.

4) lterate this process until the user’s budget becomes zero.

¢ Remaining Budget
= The initial user’s budget — Effective Cost (of Highest Effective Return)
— Effective Cost (of Next Highest Effective Return)
— Effective Cost (of Next Highest Effective Return)

.. (Iterate this process until the user’s budget becomes zero)

These prioritized measures and the remaining budget are provided to the users at the end of the

process in order to help their energy efficiency implementation.
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The precedent theoretical working example explained in this section will be converted into a
computerized integration model working example; in this process, expert system shell software

IS required.

3.4 EXSYS CORVID: EXPERT SYSTEM SHELL SOFTWARE

Expert systems are computer programs that mimic the interaction between a person and a human
expert for advice or a recommendation about the user’s work (Exsys 2011). Expert system shell
software is a software application for implementing an expert system, and Exsys Corvid has been
chosen for use in this research among several expert system shell software programs available in
the market. This software is the core of this query-based intelligent Decision Support System. It,

therefore, needs to be explored before designing the integration model.

3.4.1 Decision-Making Logic
Exsys Corvid suggests three main roles for expert system development (Exsys 2011):
e Fully capturing the decision-making logic and process of the domain expert.
e Wrapping the system in a user interface with the desired look and feel for online
deployment.

e Integrating with other IT sources.

The first function is the core of the expert system development, which will be explained later in
this section. The second function is related to how to deliver the expert knowledge to the users,
which is associated with the design and organization of the questions and the results screen. The

last function is significant in this research, since it enables the integration of external quantitative

71



data sources and additional information, such as images, text files and web links, into the

Decision Support System.

The main purpose of an expert system is to provide expert knowledge to the users. Therefore,
capturing the logic and processes of the expert’s knowledge is indispensable to developing a
system that can provide advice compatible with that of an expert. The key to capturing expert
knowledge is to illustrate the system logic that follows the way the expert thinks about it. It
consists of the procedure for identifying the decision steps of an individual expert, and
converting that into a form that a computer can use, but which people find easily readable and

understandable (Exsys 2011).

The expert system uses IF/THEN rules to describe the decision-making process. A rule consists
of one or more IF conditions, and one or more THEN conditions. The IF conditions evaluate to
“true” or “false,” which can be built with algebraic expressions, special system functions, or a
simple test to verify when a particular value is selected. The THEN statements allocate a value to
a variable, by setting a specific value, adding content to a report, or modifying a confidence
value for a specific condition. Each rule is a part of the whole decision-making logic; the

inference engine manages to use the rules effectively to solve a particular problem (Exsys 2011).

3.4.2 Variables
The first step to implementing decision-making logic is to deconstruct a problem into logical
pieces, which are equivalent to Corvid variables. These variables are then used to configure rules

and describe logic in the expert system. When the system is run, the values of variables are
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assigned by asking the users to provide values directly, deriving values from other rules, or using
external sources such as another application or database. Exsys Corvid has seven variable types. A
variable setting begins by deciding on a specific type, according to the purpose or attribute of the
variable. Exsys Corvid explains the variable types as follows (Exsys 2011):

e Static List Variables: These are simple multiple choice lists with possible values. The user
chooses one or more values for a particular situation from the list, which is fixed during the
system development. Static List is one of the most common variable types in Corvid. For
example, a Static List Variable [ _User_Need] can have “Dishwasher,” “Attic Insulation,”
“Crawlspace Insulation,” “Windows,” “Lighting,” and “Furnace.” The user can choose one

of them as the answer.

» Variables @@gl
i ] copy | Prompt T To Be T Options T Link T Ask With T Also Ask T Senvet
Main Prompt
/;m = <br> What is your immediate need?

User_Need

1_Dish_Washer
< 2_Attic_Insulation Extemnal Source for Prompt Text

3_Crawispace_Insulation [ Edit
4_Window_Type

Lighting Altemate Prompts

Fupace_Efficiency Key Variable: | - None

~—————————— Dynamic List Prompt #:[2° <15
_After_Comp_Listl ]
_After_Comp_List2
_After_Comp_List3 e %
_After_Comp_List4 w DynamicLlist | Continuous |  Collecton | Confidence
_After_Comp_ListS
_After_Comp_Listb Value I
_After_CompCost_Listl
_After_CompCost_List2 Optional Short Text: |
_After_CompCost_List3 Distwiasher
_After_CompCost_List4 Attic Insulation 2 _Heplace |
_After_CompCost_ListS Crawispace Insulation |
_After_CompCost_Liste t‘/m 7 |
——————————— Continuous __Deiete |
_After_Componentl v ’ |

Edit Name | Delete | Where | [
Limit to Vanables Containing: - -
[

Update I-——- == ,

Sort a

 Alphabetic. usstion

i _D_da_g_l ~ Show Advanced Options Hebp | oK

" By Vanable Type

& By Type + Alpha __PreviewAll |

Figure 3.7: Static List Variables
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e Dynamic List Variables: These variables are similar to Static List Variables in that they
are multiple choice lists. However, unlike Static List Variables, Dynamic List Variables are
not fixed during system development, but change dynamically at runtime. For example,

[ After_Comp_Listl1] provides the possible measure improvement list for a selected

current measure. The list varies dynamically based on the current measure selected during

the system’s runtime.

» Variables E]@rz]
Now | I Prompt | ToBe | Options | Link | AskWith | |Also Askl | Servet
— Also Ask these Vanables (if not already asked)
Static List _After_CompCost_List1
_User_Need
1_Dish_Washer
_tove Down |

2_Attic_Insulation
3_Crawlspace_lnsulation
4_Window_Type
5_Lighting
6_Furnace_Efficie

Delete Add
Select variable to add to list:

[ =]

Static List SI Dynamic List F Continuous I Collection T Confidence

_Aiter_Comp_Listl
After_Comp_List2
_After_Comp_List3
_After_Comp_List4
_After_Comp_Lists

_After_Comp_Liste
_After_CompCost_Listl

" Use Tab Delimited Spreadshest column unique values:

After_CompCost_ListZ E T

- ’ Column: I ZI
_After_CompCost_Lists
_After_BampCost_Lists

" Use values of Collection Variable:
————— Continuous ———
_After_Componentl v L]
Ieilloe | B | L I @+ Use Extemal Source for Value List:

Limit to Variables Containing: [>ML “"NREM_data xml" /RetiofitDbD ata/tbhw/ebMeasures/webMeasures [sBeforeComp Edit

Update

Sort
P - Question
" Defaults ¥ Show Advanced Options Help OK.

¢ Drder Created
" By Vaiable Type -
& By Type +Alpha _ Previewal |

Figure 3.8: Dynamic List Variables

e Numeric Variables: Numeric Variables, String Variables and Date Variables are all

Continuous Variables. Numeric Variables can have a range of numeric values, which are

used for algebraic expressions or calculation.
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e String Variables: These are used for general literal values. Although numeric values can

be assigned to the String Variable type, they cannot be utilized for mathematical

calculation.

e Date Variables: These are used to express date values.

Variables E]@|®

_After_Component5
_After_Componentb
Before_Componentl
Before_Component2
Before_Component3
Before_Component4

EffCost_L1_Assign3
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EffCost_L2_String2
EffCost_L2_String3
EffCost_L2_String4
EffCost_L2_String5

EffCost_L2_String6 v
Edit Name | Delete | Where |
Limit to Variables Containing:
|
Update
oo Questi
 Alphabetically on
 Order Created Dolacks
" By Varable Type -
& By Type +Alpha __PreviewAll |

[Prompt | ToBe | Options | Link | AskWith | AlsoAsk | Servlet
Main Prompt
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External Source for Prompt Text
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Alternate Prompts
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I
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" Date
= A
- ——
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Figure 3.9: Numeric Variables
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Figure 3.10: String Variables

e Collection Variables: The value of Collection Variables is a list of strings. Collection

Variables are never directly asked of the users; they are only assigned at runtime. System

content such as other variable values, additional text information, images or web links can

be added to the Collection Value List either in a sorted or unsorted manner. This collected

information builds a report that can be provided on the result screen.
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Figure 3.11: Collection Variables

e Confidence Variables: The value of Confidence Variables is a numeric “Confidence
Value,” which indicates the level to which a user’s input is appropriate or inappropriate for
a specific situation. The Confidence Value can be used as a form of “score” for a selected
answer. In this way, the Confidence Variable can provide the best recommendation among
the answers by comparing their scores. This variable type can also be used for the
cumulative calculation. For example, Confidence Variable type is utilized to derive the

cumulative remaining budget in the integration model.
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Figure 3.12: Confidence Variables

In this research, the integration model uses all of the types of variables except for Date Variables.

In particular, Dynamic Variables, Collection Variables, and Confidence Variables play significant

roles in developing complicated system logic.

3.4.3 Logic Block

The rules for the expert system are developed in Logic Blocks. The rules are organized in a tree

structure with groups of relevant rules, which cover all of the related situations for a problem.

The system logic describes the decision-making process. It is defined by several IF/THEN rules.

Logic Blocks do not have any specific form. They enable several different ways of building the
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logic for a system. Logic Blocks can also handle more advanced functions, such as backward

chaining or Meta Blocks, in order to implement more complicated logic (Exsys 2011).

3.4.4 Command Block

Command Blocks control the ways of operating a system, the actions to take, and the system’s
performance running order. While Logic Block rules determine how to do things, Command
Blocks regulate what to do in the system. By separating the procedural control from the rule logic,
it is much easier to build, maintain and update systems. Command Blocks usually consist of three
sections (Exsys 2011):

e Starting Commands: These commands provide the title and a brief explanation of the
system to the users. They are related to implementing a user-interface, not to implementing
decision-making logic.

e Logic Commands: These are the main parts of the Command Block; they tell the system
what to do with the rules in the Logic Blocks. They are composed of variable Corvid
commands used to run the rules.

¢ Result Commands: These are commands for displaying the result to the users. They
decide which information will be delivered on the result screen; additional images, text

files, and web links can be also provided.

Figure 3.13 demonstrates the basic structure of Exsys Corvid. This will be explained in detail in

Chapter 5, with the development of the integration model working example.
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Figure 3.13: Basic Structure of Exsys Corvid

3.5 CHAPTER SUMMARY
In this chapter, the Energy Retrofit Decision Process Framework and its working example were

analyzed. In addition, the expert system shell software, Exsys Corvid was explained.

Since the integration of quantitative data sources must be understood in the overall context, the
framework was examined before proceeding to the integration model development. The
framework consists of three main processes: identify retrofit measures, shortlist and prioritize
measures, and provide expert advice on installation. The integration model follows this process
when it integrates the external data sources. The manual framework working example was

converted to a computerized integration working example using several software packages.

After analyzing the precedent framework and the working example, Exsys Corvid, expert system
shell software was explored for the subsequent integration model development. Exsys Corvid is
the core application of the integration model, which implements the process logic based on

expert knowledge. Variables, Logic Blocks, and Command Blocks are the fundamental
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components of Exsys Corvid. Their function was explained for the development of rules and the

integration of quantitative data sources.
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CHAPTER 4

ANALYSIS OF NREM DATABASE AND BEOPT

4.1 OVERVIEW

The National Residential Efficiency Measures (NREM) Database and Building Energy
Optimization (BEopt) are the main quantitative information sources for the DSS. For efficient
integration, both their systematic structures and their information content should be analyzed.
The NREM database is mainly used to derive the cost information of the retrofit measures, which
are selected from the intelligent decision support system. Thus, the database should be analyzed
from the point of view of linking the measure and cost information between the two disparate
systems, the NREM database and the DSS. Similarly, BEopt simulates the energy efficiency of
the selected retrofit measures and provides energy efficiency cost information to the DSS. Thus,

both their information relationship and data generating structures should be examined.

This chapter consists of three main sections. Section 4.2 provides a brief explanation of the
structure and data content of the NREM database. Section 4.3 explores the basic concept of
Extensible Markup Language (XML) and XML Path Language (XPath), which are important
connecting tools, in order to integrate the DSS and the NREM database. Section 4.4 examines
the function of BEopt, focusing on its input and output reports, related to the cost information of

the retrofit measures.
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4.2 NATIONAL RESIDENTIAL EFFICIENCY MEASURES (NREM) DATABASE

The NREM database was developed by the National Renewable Energy Laboratory (NREL) to
help users improve the energy efficiency of existing residential buildings utilizing cost
information on retrofit measures (NREL 2010). It has been used in other energy efficiency
related applications, such as BEopt, and is also used in the Decision Support System for this

research. Figure 4.1 illustrates the NREM development process and use.

NREL Firewall
— LBNLHES
—»  NREL DB Admin
\
— NREL/BEopt
Data from .
Retrofit MBU”dmgg?l‘gﬁt S
Progfams easure Laltabase
——  ORNL/NEAT
Public
—— Comments/Input
Database H Private-Sector
/\} Tools
|| Intelligent
Public UI DSS

Figure 4.1: NREM Development Process and Use (Source: NREL 2010)

The primary purpose of the NREM database was to generate a unified national database. Even
though several existing databases in the US Department of Energy (DOE) contain residential
efficiency measures, the retrofit data were scattered, and their data formats were different from
each other. The NREM database was developed to solve this problem by offering a unified

national database that integrates several exiting retrofit databases (NREL 2010).
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The NREM database associated the performance and cost information for retrofit measures in a
standardized format. This standardized information can be used with various other systems. If
they utilize the same, standardized data format, it will be easier to transfer data between the
related systems, and to integrate the systems when needed. Though the NREM database does
not contain energy savings estimates, it provides the standardized retrofit measure definitions,
which can help other building energy simulation tools use the data for their energy retrofit
calculations (NREL 2010). In this research, the Decision Support System also uses the NREM

database for prioritizing residential retrofit measures.

4.2.1 Database Structure

-
-
-

Cooling Heating

Central Air Room Air

( Conditioner Conditioner
Central Air Central Air
Conditioner Conditioner
(SEER 13) (SEER 15)
7,

Figure 4.2: Database Structure and Hierarchy (Modified From: NREL 2010)

As Figure 4.2 illustrates, the data and retrofit measures in the NREM database are organized with

a hierarchy. The NREL (2010) specifies the hierarchical structure as follows:
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Group: This is the highest level, which is a classification of major house systems. It
currently contains six types, which will be explained in detail in section 4.2.6.
Category: This is the sub-classification of a Group. For example, “HVAC” is a group,
and “Cooling” and “Heating” are the categories of “HVAC”.

Component Type: This is the sub-classification of a Category, which is more specific.
For example, “Central Air Conditioner” and “Room Air Conditioner” are more specific
methods of “Cooling,” and these are defined as Component Types in the NREM database.
Component: This is the lowest level of structure, which uses the unique name as a
system descriptor. Components stand for the most specific retrofit measures, which have
distinctive properties. For example, even though both are “Central Air Conditioners,”
“Central Air Conditioner (SEER 13)” and “Central Air Conditioner (SEER 15)” have

different energy retrofit properties, thus they are differentiated by their component names.

4.2.2 Basic Objects

The NREM database consists of several objects — Measures, Components, Properties, Actions,

Costs and References. The objects are stored in the NREM database, with a set of rules

combined with other types of objects. Objects are explained as follows (NREL 2010):

Measures: A Measure consists of a Before-component, an Action, and an After-
component. This measure structure is mostly used when the DSS selects the cost
information for the selected retrofit measures from the user needs.

Components: These are unitary items, such as refrigerators or central air-conditioners.
Components also contain constructed-assembles, such as a wood-stud wall or an attic, or

parts of assembles, such as vapor barriers.
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Properties: Component properties are characteristics of the components. They describe
performance parameters such as the R-value and seasonal energy efficiency ratio (SEER),
the lifetime of components, and other pertinent descriptive attributes.

Actions: Actions specify the labor operation-types that explain how the After-
components are implemented. The NREM database has five types of Actions: Replace,
Install, Remove, Insulate and Seal.

Costs: Cost information provides Cost range and Average cost, which are associated with
Before-components, Actions, and After-components. They are the cost values of
implementing the After-components from the current Before-components using the
specific Actions.

References: References can be assigned to Components and Actions, but up until now,

they have not been used substantially in the NREM database.

4.2.3 Database Configuration

The objects mentioned above (action, component, properties, costs and references) form the

structure of the NREM database, and tables with more specific data are added onto this skeleton

to configure the whole database. The objects ultimately constitute the measure structure, which

will be explained further in a later part of this chapter. Figure 4.3 explains the NREM database

schema.
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Figure 4.3: Database Schema (Modified From: NREL 2010)

While the data schema describes the macro level database configuration, the data dictionary
confines the micro level database configuration. It describes each of the columns in every table
in the NREM database with the constraints on the data type and the length. These constraints are

applied to the XSD files, which regulate the data attributes of XML files.
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Data Dictionary
This page features the data dictionary for the National Residential Efficiency Measures Database, which supplies
users with information about the database organization such as table structure, field names, and data element type

and length.

tblAction
Column name Data type Length Description
ActionID int 4 Primary key for actions
dEntryDate datetime 8 Date the action was created/entered
idActionTypelD int 4 The action type that this action belongs to (foreign key)
. - The component type to which this action may be applied
idComponentTypelD |int 4 (foreign key)
sName varchar 255 Action name
sNotes varchar 4000 Additional notes about the action
tblActionType
Column name Data type Length Description
ActionTypelD int 4 Primary key for action type
_— - Multiplier on the after component cost used in determining
nAfterMultiplier int 4 B o ot
o1 . Multiplier on the before component cost used in determining
nBeforeMultiplier int 4 pREE S
sDescription varchar 255 Short text description of the action type

Figure 4.4: Data Dictionary (Source: NREL 2010)
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4.2.4 Measure Construction

The NREL developed a rule set that evaluates the energy efficiency of component properties.
These rules are utilized in constructing the Measures. According to the rule set, the after-
component must be more energy efficient than the before-component. In addition to the practical
improvement, it must provide the same level of service as the before-component. The NREM
database also suggests the value-added energy efficiency practices for the database users (NREL

2010).

1) Types of Retrofit Measures
There are six types of retrofit measures: Appliance, Domestic Hot Water, Lighting, Enclosure,
HVAC and Miscellaneous. When matched against the data hierarchy of the NREM database
(Figure 4.2), the retrofit measure types correspond with Group, which is the highest level of the
data structure. Each retrofit measure type consists of component types, and each component type
has several measures as Figure 4.5 shows. A retrofit measure example will be explained more

specifically in the next section.
Appliance
Domestic Hot Water
Types of Lighting

————— Retrofit
Measures Enclosure

HVAC

Miscellaneous

Figure 4.5: Types of Retrofit Measures (Group Level)
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Figure 4.6 shows the six retrofit measure types and their forty-seven component types. The

numbers in parentheses represent the number of retrofit measures under each component type;

these vary from one to seven hundred thirteen. Retrofit measure data are collected from various

sources. The amount of data depends on the reasons for the retrofit, such as market variety for

the measure product, the complexity of the installation, and so forth.

/

Group (Retrofit Measure Type) Component Type Number of Measures
Agpliances Enclosure HVAC
Clothes Dryer (4) Air Sealing (4) Boiler (94)

Clothes Washer (190)
Dishwasher (31)
Freezer (30)
Refrigerator (54)

Lighting
Flood Light (20)
Light Bulb (35)
Lighting Control (1)
Torchiere (3)

Miscellaneous

Ceiling Fan (5)
Water Cooler (3)
Well Pump (3)

Attic and Ceiling (86)
Basement Wall (11)

Bsmt Wall Vapor Barrier (1)
Crawl Floor Vapor Barrier (1)
Crawlspace Ventilation (1)
Crawlspace Wall (6)

Doors (Entry) (34)

Floor Above Crawlspace (4)
Floor Above Uncond Bsmt (4)
Floor Above Uncond Garage (4)
Roof Material (3)

Roof Sheathing Enclosure (3)
Siding (13)

Skylight (428)

Slab Edge (4)

Wall Sheathing (6)

Window (713)

Wood Stud Wall (24)

Central Air Conditioner (123)

Direct Heater (47)

Duct Insulation (2)

Duct Sealing (3)

Electric Baseboard (2)
Furnace (173)

Heat Pump (Central) (117)
Room Air Conditioner (40)
Thermostat (2)

\

Domestic Hot Water

Heat Pump (Add-On) (1)
Heat Pump (Integrated) (2)
Hot Water Piping (2)

Tank Insulation Wrap (6)
Tank Water Heater (459)
Tankless Water Heater (4)

Figure 4.6: Types of Retrofit Measures and Components

2) Examples of Retrofit Measures

A retrofit measure in the NREM database can be analyzed from two different points-of-view.

One is based on the vertical data hierarchy, which is stratified by group, category, component
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type and component. The other is based on the horizontal measure structure, which is comprised

of before-component, after-component, property, action and cost.

[ Data Hierarchy ]

Group
v
Category
\ 4 :
Component Type | : [ Measure Structure]
i, I :
Component Before-Component
yTm———— Property
Action Cost

After-Component

|— Property

R R N R NN NN NN NN NN NN EEEEEEEEEEEEEE R R R -

Figure 4.7: The Relationship between Data Hierarchy and Measure Structure

Figure 4.8 is an example of the retrofit measures shown on the web interface. The left frame is
organized by the six measure groups and the component types under the group. The example of a
clothes dryer is vertically analyzed, based on the data hierarchy as follows:

e Group: Appliances

e Category: Clothes Drying

e Component Type: Clothes Dryer

e Measure: Replace electric dryer with electric
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The retrofit measure also can be analyzed horizontally, based on the measure structure as follows:

Before-Component: Clothes Dryer (Electric)

Property of Before-Component: Drying Energy (13 kBtu / load), Fuel Type (Electric),
Lifetime (13 Years), Machine Energy (0.23 kWh / load)

Action: Replace

After-Component: Clothes Dryer (Gas)

Property of After-Component: Drying Energy (22 kBtu / load), Fuel Type (Electric),
Lifetime (13 Years), Machine Energy (0.23 kWh / load)

Cost: Cost Range (730 — 1700 $), Average Cost (1300 $)

In order to integrate the NREM database into the DSS, the horizontal measure structure should

be thoroughly understood, since before-components, after-components and average costs in the

measure structure will be what the DSS mainly utilizes.
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4Retrofits Home
About the Database
All Measures

I” Appliances 1
et oy eri
: :-Clothes Washer: :
| E-Dishwasher '(‘:'
: §-Freezer _ 1
| iRefrigerator_© |
: Domestic Hot Water:
§ Enclosure |
: HYAC :
I Lighting I
: I

Miscellaneous

Application Developer
Tools

Change Log

Data Dictionary
XML File Download
Glossary

Help

Submit Comments
Submit Data

4 Group :
” = Submit Que

-~ Retrofit Measures for Clothes Dryer

Here you will find the data for Clothes Dryer measures available in the National Residential Efficiency
Database. Each measure consists of a before-component, an after-component, and the estimated |

the fhedsrg = Component Type

sunt® EIIIIIIIIIIIIIIIIIIII

Filter on Before- -Component:
| All Components

Yiewing 4 Clothes Dryer Measure(s) of 4

C ! C |§i
Clothes Dryer (Electrlc) Clothes Dryer (Electrlc) Measure Cost
Properties: Properties: Total:
* Drying Energy: 13 kBtu/load e Drying Energy: 13 kBtu/fload e Range: SO0 - 12008
* Fuel Type: Electric e Fuel Type: Electric e Average: 760 ¢
» Lifetime: 13 Years e Lifetime: 13 Years
» Machine Energy: 0.23 kWh/load e Machine Energy: 0.23 kWh/load
Replace electric dryer with gas:
B [ '_‘i "}
Clothes Drver (Electrlc) Clothes Drver (Gas) Measure Cost
Properties: Properties: Total:
» Drying Energy: 13 kBtu/fload Drying Energy: 22 kBtufload e Range: 730 - 1700
» Fuel Type: Electric Fuel Type: Gas e Average: 1100 §

Lifetime: 13 Years
Machine Energy: 0.23 kWh/load

» Lifetime: 13 Years
» Machine Energy: 0.23 kWh/load

Figure 4.8: An Example of a Retrofit Measure
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4.25 Actions for Retrofit Measures

As explained before, the measure structures consist of components, properties, costs and actions.

Actions are specific labor operation methods to be applied to the after-components, and the

NREM database classifies the actions into five different categories (NREL 2010):

Replace: This action is to exchange a before-component for a more energy efficient
after-component of the same type, when the homeowner wishes to retain the existing
function.

Install: This action is to initiate an energy efficient after-component from none.
Installation upgrades the existing condition of a home, but it is not usually required by the
homeowner.

Remove: This action is to exchange a before-component for none. The Remove action
can be combined with the Install action, when the users wish to use different component
types.

Insulate: This action is related to the installation of additional insulation into existing
measure components.

Seal: This action is related to leakage reductions for either the whole house or ducts.

According to the NREM database rule, each retrofit measure is composed of a before-component,

an action, and an after-component. The rule also associates specific costs with different types of

actions, and the cost values are basically derived from the formula shown below. In this formula,

C stands for a cost value, and M stands for a cost multiplier. Among the subscripts, “before” is a

before-component, “after” is an after-component, and “action” is an action type (NREL 2010).
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Figure 4.9 shows the multipliers for each of the action types and the formula for the measure cost

calculation.

cmeasure = _Mbefore cbefc:re + caction + I\'Jlafter cafter

C: Cost Value ActionType | Mpafore | Matter
M: Cost Multiplier Replace 0 1
Install 1
Remove 0 0
Insulate 1 1
Seal 0 0

Figure 4.9: Cost Multipliers for Action Types (Source: NREL 2010)

4.2.6 Cost Sources and Types

The cost data in the NREM database is initially drawn from The Home Energy Saver cost data,
which contains total measure costs or standardized measure costs, such as per square foot of wall
area (NREL 2010). The NREL (2010) has also collected cost data from additional external
sources, and the main sources are as follows:

e Construction Cost Estimation Resources: Current cost estimates for residential repair
and remodeling projects, such as RS Means cost data, are provided. The NREM total cost
includes material and labor costs, which are normalized in different units. It combines the
overhead and profit (O&P) costs as well.

e \Web-based Resources: The cost information from major home improvement retail stores
are used for some component types. For newer components with less of an offline market

share, online cost quotes are provided.
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e Home Performance Industry Partners: Costs from industry partners and distributors
are included in the database, classified either into costs for actions, components, or total
cost for a single measure.

e Publication: Academic reports and governmental or industry data publications are also
included in the NREM database.

e Formulaic: For some component types, for which there is little cost data, a formulaic

approach is used to derive the cost data through interpolation or extrapolation.

Two cost types are specified in the database, to provide a guideline for the available measure
costs in the marketplace. It also gives the year in which the measure cost was recorded (NREL

2010). The NREL defines the cost types as follows:

e Average Cost: This presents the mean cost derived from the raw cost data for each

measure.
. . th th .
e Cost Range: The cost range is comprised of the 10 and 90" percentile costs, calculated

from the collected cost data.

When the NREM database is integrated into the DSS, the average cost data for the specific

retrofit measures will be used.

4.3 TECHNICAL ANALYSIS OF THE NREM DATABASE
The NREL has constructed the NREM database using Extensible Markup Language (XML).
Users can access the database from anywhere via a web user interface (Ul), and can also

download the database to their local computers as a form of XML file. Data objects such as
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measure components, actions and costs are stored in the XML files as table structures, which are
accessible using queries. XML Path Language (XPath) is a way to select specific data from the
XML database. It is used as the main method for connecting the expert system shell program and

the XML NREM database in this research.

4.3.1 Extensible Markup Language (XML) and XML Schema Definition (XSD)
XML is used to constitute the NREL database, hence XML and other related technical languages
such as XSD and XPath should be reviewed in order to fully understand the NREL database, and

to integrate it into the Expert System.

XML is an abbreviation for Extensible Markup Language. It was initially designed to help
electronic publishing handle large amounts of data; it was more focused on carrying data rather
than displaying data (W3C 2012). Although XML was mainly designed to focus on documents,
there are simple, general and usable characteristics of XML that are suitable for structural data
storage as well, and its role in data exchange is increasing rapidly over the Internet (W3C 2012).
The NREL database is also developed with XML; the uploaded data files on the NREL webpage
can be retrieved anywhere, so it becomes ubiquitous. The database XML files can be imported to

any other systems that support the use of external XML files.

XML Schemas help machines to perform the data rules built by people, by providing the data
structure definition, constraints on content, and semantics of XML documents (W3C 2011). In
other words, XML Schema, also known as XSD (XML Schema Definition), is used to validate
an XML file, which is the process of checking the syntax of XML documents. XSD files also

employee an XML-based format, which helps to process them with regular XML tools.
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The NREM XML database files consist of these two types of files as well: XML files with the
file extension ‘.xml’, and XSD files with the file extension ‘.xsd’. First, the NREM has two
XML files, ‘raw data.xml’ and ‘measure.xml’, which contain the actual retrofit measure data.
Although they both have basically the same retrofit measure data, the structures of the data files
are different, in that the former includes all the retrofit measure raw data in the database, while
the latter offers the data organized by a defined measure structure, with before-components,
after-components, costs, and properties, as seen on the NREL website. The NREM also has two
XSD files, ‘raw data.xsd’ and ‘measure.xsd’, which match up their same nominal xml files.
These are separated from the core data contents of xml files, and check to make sure the XML

document conforms to the schema.

4.3.2 XML Path Language (XPath) and Other Related Terms

XML Path Language (XPath) is defined as a query language for addressing specific parts of an
XML document, which is modeled as a tree of nodes. XPath uses path expressions to navigate
the hierarchical tree structure of an XML document, as its name implies (W3C 1999). While
XSD operates with XML syntax and checks the surface syntax, XPath facilitates non-XML
syntax, and focuses on the abstract and logical structure of an XML document (W3C 1999).
When the expert system shell software, Exsys Corvid, imports the variable values from external
XML files, XPath commands are used to select the node values from the NREM XML file.
Therefore, XML Path Language should be understood before integrating the NREL database into
the Decision Support System. Figure 4.10 shows the tree structure of the NREM XML document

and the use of XPath to select Average Cost value of a specific measure.
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(1){RetrofitDbData kml_schema_version="2.0.1" xmins:xsi="http:fwww.w3.0rg2001/XMLSchema-instance”
| xsi:noNamespaceSchemalocation="http:/www.nrel. goviap/retrofits/api/data. xsd">

(|2) | <tbMebMeasures> |

(3)[kwebMeasures]idAfterComponentID="144" idBeforeComponentiD="145" idActionID="95" idComponentTypelD:
">

(4)[<sBeforeComponent|Dishwasher (Compact, 260 Annual k¥Wh)</sBeforeComponent>
<sActionName>Replace Compact Dishwasher</sActionName>
<sAfterComponent>Dishwasher (Compact, 234 Annual kWh)</sAfterComponent>
<nLowCost>6.800000e+02</nLowCost>

<nHighCost>8.100000e+02</nHighCost>

5)[<nAverageCost>J 500000e+02</nAverageCost>

<sCostUnits>$</sCostUnits>

<sComponentType>Dishwasher</sComponentType>

[ <fwebMeasures>

External Data Sources

[AverageCost]: External Source to get Variable Value
(1) (2) (3) (4)

XML *NREM_data.xml* /RetrofitDbData/tbiWebMeasures/webMeasures [sBeforeComponent
[contains(.. '[[BeioreComponenl nput ) nAverageCost
EEEEEEEEEEEEDR |

..., (5)
( URL | XML .|  Database | Param | Apple

—

Embedded Variable [Input Varlable from the User Interface)
[[BeforeComponebtinput]] € Use double square brackets

Figure 4.10: Use of XPath for the Integration of DSS and NREM XML database

4.3.3 NREM XSD File (Raw Data, Measure Files)

The Data XSD file (raw data.xsd) of the NREM database defines the structure and data
constraints of the Data XML file (raw data.xml). The current NREM database, version 2.0,
consists of 13 tables in the Data XSD file as Figure 4.11 presents. It defines the data structure
and identifies which data columns are in each table. It also provides constraints on the data
attributes in each column. The table names and the data columns of each table are as follows

(The prefix ‘s’ stands for string, ‘n” for numeric, and ‘d’ for date):
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tblAction: Defines the constraints on retrofit action data and consists of 3 columns —
sName, dEntryDate, sNotes.

tblActionType: Defines the constraints on action type data and consists of 3 columns —
nBeforeMultiplier, nAfterMultiplier, sDescription.

tblCategory: Defines the constraints on measure category data and consists of 1 column
—sName.

tblIComponent: Defines the constraints on measure component data and consists of 2
columns — sName, dEntryDate.

tbiIComponentType: Defines the constraints on component type data and consists of 2
columns — sName, dUploadDate.

tbiCost: Defines the constraints on measure cost data and consists of 1 column — nValue.
tblCostType: Defines the constraints on cost type data and consists of 2 columns —
sDescription, sUnits.

tblGroup: Defines the constraints on measure group data and consists of 1 column —
sName.

tbIPerformanceLevels: Defines the constraints on measure performance level data and
consists of 3 columns — sComponentName, sHowClose, dPerformanceLevelDate.
tbIPerformanceLevel Type: Defines the constraints on performance level type data and
consists of 2 columns — sClimateZone, sName.

tbIProperties: Defines the constraints on measure property data and consists of 1 column
—sValue.

tbIPropertyType: Defines the constraints on property type data and consists of 3

columns — sDefinition, sDescription, sUnits.
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o tblWebMeasures: Defines the constraints on measure data, structured as shown via the

web interface, and consists of 8 columns — sBeforeComponent, sActionName,

sAfterComponent, nLowCost, nHighCost, nAverageCost, sCostUnits, sComponentType.

1
r. Properties

¢ dacvoniD
§ o000

Figure 4.11: Detailed Data Schema (Source: NREL 2010)
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For example, according to the source file presented in Figure 4.12, the first table in the Data

XSD file, “tblAction” defines its columns as “sName”, “dEntryDate” and “sNotes” for a measure

attribute, which contains “ActionID” and its reference information “idComponentTypelD” and

“idActionTypelD”.
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<?xml version="1.0" encoding="UTF-8"2>
<!-- edited with XMLSpy v2011 (http://www.altova.com) by Noel Merket (NATIONAL RENEWABLE
<xs:schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema" elementFormDefault="qualified" at'
<xs:element name="RetrofitDbData">
<xs:complexType> ]

<XS: seggence> s

<xs:element name=t:tblAction"> :I

<xs:complexType> ]
<xs:sequence> |

<xs:element name="action" maxOccurs="unbounded"> .
<xs:complexType> )
<xs:sequence> |
<xs:element ref="sName"/>
<xs:element ref="dEntryDate"/>
<xs:element ref="sNotes"/>
</xs:sequence> |
<xs:attribute name="ActionID" type="xs:integer" use="required"/>
<xs:attribute ref="idComponentTypeID" use="required"/>
<xs:attribute ref="idActionTypeID" use="required"/> J
</xs:complexType> J
</xs:element> |
</xs:sequence> |
</xs:complexType> .|
</xs:element> |
<xs:element names"tblActionType"> |
<xs:complexType> .|

Figure 4.12: Data XSD File, Table Structure Example

The Measure XSD file (measure.xsd) of the NREM database defines the structure and data
constraints of the Measure XML file (measure.xml). The current NREM database consists of 8
tables in the Measure XSD file. It defines the data structure and constraints in a similar way to
the Data XSD file. However, the overall Measure XSD file organization is to show the retrofit
measure structures on the NREL website. Therefore, its basic structure unit is for one retrofit
measure, and the unit is iterated as the number of retrofit measures in the NREM database. The
measure structure unit is composed of data from the 8 tables below, which are originally derived
from the raw data, as presented in Figure 4.13. The table names and the data columns of each

table are as follows:
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climate_zones: Defines the constraints on climate zone data for a measure structure that
will be shown on the web interface, and consists of 1 column — climate_zone.
component: Defines the constraints on component data, and consists of 4 columns —
component_name, component_startfinish, measure_component_type, component_notes
cost: Defines the constraints on cost data, and consists of 3 columns — cost_value,
cost_type, cost_units

head: Defines the constraints on the head data for the beginning part of the Measure XSD
file, and consists of 5 columns — title, creation_date, version, version_description,
xml_schema_version

measure: This is the main part of the Measure XSD file. It defines the constraints on the
measure data and consists of 5 columns — measure_name, measure_group,
measures_category, measures_notes, action

performance_level: Defines the constraints on performance level data for before-
components and after-components, and consists of 3 columns — name, date, type
property: Defines the constraints on property data for before-components and after-
components, and consists of 4 columns — property_value, property_type,
property_type_notes, property_units

source: Defines the constraints on information sources of measures, and consists of 4

columns — moreinformation, disclaimer, credit, feedback
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Figure 4.13: Measure-centric XML Feed Schema and Table Structure

(Modified From: NREL 2010)

For example, the main table in the Measure XSD file, “measure,” is shown in the source file

below. The Measure XSD file defines the columns of the “measure” table as “measure_name,”

“measure_group,” “measure_category,” “measure_notes,” “action,” and so on, with the data type

constraints. This measure structure is for the display on the NREL web site, and repeats for the

number of retrofit measures in the NREM database (see Figure 4.14).
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<xs:element name="body"> .
<xs:complexType> |

<xs:sequence> |
<xXs:element name=|"measure:l maxOccurs="unbounded"> |

<xs:complexType> J
<xs:sequence> |
<xs:element names"measure_ name" Eype="xs: string"/> J

<xs:element names"measure group"|type="xs:string"/>/J
<xs:element names"measure categofy" type="xs:string"/>
<xs:element names"measure notes"|type="xs:string"/>/J

<xs:element namesj"action" type="ks:string"/>J

<xXs:element name="components"> |
<xs:complexType> .|
<xs:sequence> |
<xs:element name="component"” minOccurs="2" maxOccurs="2">J
<xs:complexType> ]
<xs:sequence> |
<xs:element name="component_name" type="xs:string"/> J
<xs:element name="component_startfinish"> |
<xs:simpleType> |
<Xs:restriction base="xs:string">
<xs:enumeration value="Before"/>
<xs:enumeration value="After"/>

</xs:restriction> ]

Figure 4.14: Measure XSD File, Table Structure Example

4.3.4 NREM XML File (Raw Data, Measure Files)

The Data XML file (raw data.xml) of the NREM database contains retrofit measure data in

accordance with the constraints of the Data XSD file (raw data.xsd). As explained previously in

the section on the Data XSD file, the Data XML file consists of the same 13 tables, and an

additional 3 tables that link measure information. While the XSD files only define the column

names and have no data in them, the XML files include measure data. The additional 3 tables

play roles to connect the following information:

tblLinkActionCosts: Provides the link between ActionID column and CostID column to

deliver cost information related to the action types.
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e tblLinkCategoryComponentType: Provides the link between the CategoryID column
and ComponentTypelD, to match the category and the component type.
e tblLinkComponentCosts: Provides the link between the ComponentID column and

CostID, to deliver cost information related to the components.

For example, according to the source file below, the first table in the Data XML file, “tblAction,”
stores retrofit measure action data, such as “Seal to 60% Leakage Reduction,” for which the
attributes are composed of “idActionTypelD,” “ActionlID,” and “idComponentTypelD.” In

addition, each action data consists of 3 columns, “sName,” “dEntryDate,” and “sNotes.”

Figure 4.16 explains that the primary key of table “tblAction” is “ActionID,” which performs as
a distinguisher to make each data value unique in “tblAction.” Also, as shown in figure 4.16,
“tblAction” is linked with other tables, such as “tblActionType” and “tblComponentType,” for
which the primary keys are connected as the foreign keys of “tblAction.” When Figure 4.15 is
compared with Figure 4.16, focused on the attributes, it is shown that “ActionID” in the XML
source is the primary key in the “tblAction” table, and “idActionTypelD” and
“idComponentTypelD” are the foreign keys derived from the “tblActionType” table and the

“tbIComponentType” table.
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<RetrofitDbData xml_schema version="2.0.1" xmlns:xsi="http://www.w3.0xrg/:
[<tblaction> |
|<action idActionTypeID="5"|ActionID="1"| idComponentTypeID="1"> | I
<sName>Seal to 60% Leakage Reduction<"sﬂame>,_|
<dEntryDate>2 010-07-15</IEntryDate> J
<sNotes/>
</action>J
|<action idActionTypeID="5"|ActionID="2" idComponen'cI‘ypeID="1">.J|
<sName>Seal to 50% Leakage Reduction<|sName>
<dEntryDate>2 010—07—15</I.EntryDate> J
<sNotes/>,
</action>,J
|<action idActionTypeID="5"|ActionID="3" idComponentTypeID="1">,J|

<sName>Seal to 40% Leakage Reduction<|sName> |
<dEntryDate>2 010—07—15</:.EntryDate> J
<sNotes/> |

</action> )

I <action idActionTypelID="5"|ActionID="4"| idComponentTypeID="1"> | I
<sName>Seal to 25% Leakake—Reauwctrome) sName>
<dEntryDate>2010-07-15</dEntryDate> )
<sNotes/> |

</action>J

Figure 4.15: Data XML File, Data Example

tblActionType (dbo) ~ ><q tblAction (dbo)  F®A tbiComponentType (dbo) e
Q@ ActionTypelD | § actioniD | J¢ CompcnentTypeD |

| sCescoription l\ sName / | shlame

_ nEeforetMultiplier N~ dCormponentTypelD / ~ dbadate

nafiarMultp lier dactionTypelD

EnryDate
; sNotes

tblLinkActionReference (dbo) [

@ IdActcniD tbiLinkCategoryComponentType (dbo)
@ icReferencelD ¢ idCatzgcrylD

757 idComponentTypelD

&

Figure 4.16: Detailed Database Schema (Modified From: NREL 2010)

The Measure XML file (measure.xml) of the NREM database contains retrofit measure data in
accordance with the constraints of the Measure XSD file (measure.xsd). As explained previously
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in the Measure XSD file section, the Measure XML file consists of the same 8 tables, including

retrofit measure data, with the measure structure displayed on the NREM website.

For example, according to the source file demonstrated in Figure 4.17, the main table in the
Measure XML file, the “measure” table, stores retrofit measure data, beginning with its measure
specification columns: “Clothes Dryer (Electronic) = Clothes Dryer (Electronic)” as a measure
name; “Appliances” as a measure group; “Clothes Drying” as a measure category; and “Replace
electronic dryer with electronic” as an action. The measure structure is then combined with the
components (before-component and after-component), their properties, and cost information.
This Measure XML file becomes the basis of the measure information layout on the web

interface.

I<measure>|=

<measure_ name><! [CDA‘IAICloches Dryer (Electric) -> Clothes Dryer (Eleccricl ]]></measure_name>
<measure_groupiAppliancest/measure_group> o
Kmeasure_categoryjClothes Drying /measure_category>g
Kmeasure notes/>
<actionjReplace electric dryer with electricf/action>
<components> |
<component> .J
<component_name><! [CDATA[Cloches Dryer (Electric)] ]></component_name>.J
<component_startfinish>Before</component_startfinish> |
<measure_component_type>Clothes Dryer</measure_component_type> |
<component_notes/>
<properties> J
<property> .
<property value><! [CDATAI[13] ]></property_value>,J
<property_type><! [CDATA 1></property_type>
<property type notes><! [CDATA[The energy consumed by the clothes dryer to dry a typici
<property units><! [CDA‘IA 1></property units>J
</property> .|
<property>.]
<property value><! [CDATA[Electric 1></property value>
<property_ type><! [CDATA'Fuel I‘Ee:‘] ]></propercy_type>,J
<property type notes><! [CDATA[Type of fuel used for heating. Typically either natural
<property_units><! [CDATA[]]></property units> ]
</property> .

Figure 4.17: Measure XML File, Data Example
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4.3.5 The Various Software Used for the NREM Database Analysis

The NREM database is the long source code, written in XML. It is not easy to figure out the
structure and data context by reading the XML code, line by line. In order to help achieve a
comprehensive understanding of the NREM XML database, various software applications, such
as Microsoft Office Access, BaseX and XML Spy, were used in this research. This section

provides a brief explanation of each program.

1) Microsoft Office Access
Microsoft Office Access (MS Access) is designed as a database tool to collect and understand
information (Microsoft 2012). The NREM XML files can be downloaded from the NREL
website to a local computer, and the table structure and data can be imported to MS Access.
Once the XML source codes are imported, the data can be viewed and edited in the software, and
when the XML file is edited, MS Access generates the changed XML source automatically for
export to the XML file. In addition, the cell structure, with the columns and rows of MS Access,

presents the data context in a more visually organized way, which makes it easier to understand.

Figure 4.18 and Figure 4.19 show how the XML files are displayed in MS Access. The list of all
tables is shown in the left section, and the cells in the right section show the column names and
data rows, with the tabs indicating the table names. Compared to the XML source codes, it is

much more straightforward and discernible.
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All Tables

 Geybte -

action < shame ; sNotes .
=1 adtion: Table | |Seal to 60% Leakage Reduction  7/15/2010
actionType 2| || seal to 50% Leakage Reduction  7/15/2010 f
=1 adionfype: Table | Seal to 40% Leakage Reduction 7/15/2010
category A Seal to 25% Leakage Reduction 7/15/2010
= ategory: Table !Insulate with R-19 Fiberglass 8/26/2010 Added Action and Costs for every R-value increment
e 2 |2l| |Insulate with R-21 Fiberglass 8/26/2010 Added Action and Costs for every R-value increment
= component: Table | |Insulate with R-22 Fiberglass 8/26/2010 Added Action and Costs for every R-value increment
cesposestiype 2171l |Insulate with R-23 Fiberglass 8/26/2010 Added Action and Costs for every R-value increment
Bl componentype: Table | |Insulate with R-24 Fiberglass 8/26/2010 Added Action and Costs for every R-value increment
Qe 211l Insulate with R-25 Fiberglass 8/26/2010 Added Action and Costs for every R-value increment
Bl ooz e | |Insulate with R-27 Fiberglass 8/26/2010 Added Action and Costs for every R-value increment
sustype 2 LUl Insulate with R-28 Fiberglass 8/26/2010 Added Action and Costs for every R-value increment
B cippe Dbk : Insulate with R-29 Fiberglass 8/26/2010 Added Action and Costs for every R-value increment
i z ~ |Insulate with R-30 Fiberglass 8/26/2010 Added Action and Costs for every R-value increment
S  |Insulate with R-32 Fiberglass 8/26/2010 Added Action and Costs for every R-value increment
mmrs:mle 2 ~|Insulate with R-33 Fiberglass 8/26/2010 Added Action and Costs for every R-value increment
s = - Insulate with R-35 Fiberglass 8/26/2010 Added Action and Costs for every R-value increment
- [ | Insulate with R-38 Fiberglass 8/26/2010 Added Action and Costs for every R-value increment
Insulate with R-39 Fiberglass 8/26/2010 Added Action and Costs for every R-value increment
performancelevellype 2 o |[pecord; 14 ¢/50f180 | » M b2 | & o Fiter |[Search
Figure 4.18: Data Access File

All Tables VIR : -
climate_zones 2 || measurename - measure_group - measure_category - measure_notes -+ action -
I dimate_zones : Table | |Central Air Conditioner (Nor HVAC Cooling Install Centre
component 2 || |Central Air Conditioner (Nor HVAC Cooling Install Centre
= component : Table Central Air Conditioner (Nor HVAC Cooling Install Centre
cost 2 Clothes Dryer (Electric) -> C Appliances Clothes Drying Replace elect
3 cost:Table | Clothes Dryer (Electric) -> C Appliances Clothes Drying Replace elect
head 2 || |Clothes Dryer (Gas) -> Clott Appliances Clothes Drying Replace gas
B head: Table || Clothes Dryer (Gas) -> Clott Appliances Clothes Drying Replace gas
Jponttiors 2}| |Clothes Washer (Top-Load, | Appliances Clothes Washing Replace Clotl
BB importermors : Teble | Clothes Washer (Top-Load, | Appliances Clothes Washing Replace Clot!
el 2 Clothes Washer (Top-Load, | Appliances Clothes Washing Replace Clotl
LTI || Clothes Washer (Top-Load, | Appliances Clothes Washing Replace Clotl
peiamance lowel SRR Clothes Washer (Top-Load, | Appliances Clothes Washing Replace Clot!
O psstomteslieves B i Clothes Washer (Top-Load, | Appliances Clothes Washing Replace Clot|
M 2 | Clothes Washer (Top-Load, | Appliances Clothes Washing Replace Clotl
fnzmpmy:m'e —{| | Clothes Washer (Top-Load, | Appliances Clothes Washing Replace Clotl

A Load. | Anoll i |
TR o vt iy P S Vi i

Figure 4.19: Measure Access File
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2) BaseX
BaseX is an XML database system, and an XPath and XQuery processor (BaseX 2012). When
Exsys Corvid, the expert system shell program, imports an external XML database, it uses XPath
command to select the target data. BaseX is used to check the XPath syntax on the local host
computer before the XPath commands are applied to the Expert System, to set the variable
values from the external NREL XML database files. It helps to improve understanding of the
structure of the NREL database with its interactive and user-friendly GUI (graphical user

interface).

3) XML Spy
XML Spy is an XML editor that offers schema designer, code generator, chart creator and other
functions related to XML editing (Altova 2012). The NREL database xml files can be retrieved
from the NREL website to local computers. XML Spy is used to read and modify NREL

database xml files.

BaseX and XML Spy were recommended by the NREM database developers at the beginning of
this research (see Appendix 2), and each of these software applications, including MS Access,

was utilized in this research for an effective analysis of the NREM XML database.

4.4 BUILDING ENERGY OPTIMAZATION (BEOPT)
Energy simulation software performs a significant role in prioritizing the retrofit measures by
providing the cost and energy consumption information when the selected measures are applied

in the decision support process for this research. At the beginning of this research, several energy
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simulation applications were reviewed, with BEopt ultimately being selected, since it also uses

the NREM database for its retrofit measure information.

Building Energy Optimization (BEopt) is a software application developed by the NREL to
obtain the optimal conditions for a building design, following the path of a zero net energy (ZNE)
building (NREL 2012). According to the NREL, zero net energy can be defined in several ways.
The most common definitions are net zero site energy, net zero source energy, net zero energy
cost, and net zero energy emission (Torcellini et al. 2006). At the point of net zero site energy, a
ZNE building produces as much energy as it consumes in a year, by means of a photovoltaic (PV)
system and active solar, and it provides information about its minimal energy-related costs
(NREL 2012). BEopt also suggests optimal building design options that consider realistic

construction, and the interactions between different category options (NREL 2012).

4.4.1 Path to Zero Net Energy (BEopt Graph)

Figure 4.20 shows the concept of the path to zero energy for a building. The X-axis represents
the percentage of energy savings and the Y-axis represents the annualized energy costs. On the
path of the curved graph, as the energy saving rate increases, the utility bills decrease, and the
mortgage amount available from implementing the energy saving increases. This graph examines
the minimum annual cost, which is the sum of the annual utility bills and the energy efficiency
measure cost, combined with the mortgage payment in each energy savings percentile point. The

mortgage payment is related to the energy producing cost using photovoltaic electricity.
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In this Figure, Point 1 indicates a reference case that is the beginning point of evaluating energy
efficiency. The reference case can be a user-defined case building or a Building America
Benchmark building automatically generated by BEopt, according to the reference building
option setting on the screen. Point 2 indicates the minimum annual cost point, and, beyond this
point, the total annual cost increase, even though energy can be saved. Point 3 is referred to as a
take-off point, at which the energy saving cost equals the energy producing cost. From this point,
the optimal path goes straight up to Point 4, a Zero Net Energy point, with the slope of
photovoltaic electricity cost per kWh. At the Zero Net Energy point, a photovoltaic system can
produce as much energy as the building consumes, and the annual costs are solely the mortgage
payment, On the other hand, at the reference case point, the annual energy costs are fully covered

by the utility bills (NREL 2012).
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Figure 4.20: A Building’s Path to Zero Net Energy (Source: BEopt 2010)
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The fundamental concept to incorporate the utility bills and the mortgage payment is also applied

to prioritizing retrofit measures in this research.

4.4.2 BEopt Running Process

In order to acquire the energy saving information, a user needs to select input options about the
energy retrofit measures. BEopt provides predefined retrofit options in various measure
categories, and runs the system based on the input values the user selected. The energy saving
cost is calculated based on the input options, and is compared with the reference point. BEopt
provides reports related to the input options and the output results for further analysis. In this
research, the user’s current measures and their improvements are set as the BEopt input options,
and the annual utility cost information is derived. The output report of this cost information is
then exported in the form of an Excel file for the prioritizing process. A more specific

explanation is continued in the next section.

Input Qutput
Geometry Input SR _ Cost/Energy Info
Options Input - un g End Use Info
Site Input Input Option Info

Report
................. Input Output S SO
Report Report

Figure 4.21: BEopt Running Process
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4.4.3 Input Setting

BEopt has 3 input types — Geometry Input, Options Input and Site Input — for the specific user’s
cases. Geometry Input is divided into the drawing area, the rendering area and general inputs
(NREL 2012). The user can draw the floor plan of the building with different space types
predefined on the left part of the screen. The floor plan on the drawing area is reflected to the
rendering area as a 3-dimensional model with the openings. The general input area contains the
number of beds and baths, and the total finished area of the building. When BEopt is used for the

DSS, the basic information of the user’s residential buildings will be fed into this area.
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Figure 4.22: Geometry Input
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Options Input is directly related to the retrofit measure information of the building. BEopt
provides retrofit options with groups and more specified categories, and users select the
building’s retrofit information from among the predefined options within the category. The
current retrofit measure group includes Building, Operation, Walls, Ceilings/Roofs,
Foundation/Floors, Thermal Mass, Windows & Shading, Airflow, Major Appliances, Lighting,
Space Conditioning, Water Heating, Power Generation, and Include Combinations (NREL 2012).
Most of the groups, such as Appliances, Lighting, and Space Conditioning, are equivalent to the

groups in the NREM database, which helps create a more efficient integration.
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Figure 4.23: Option Input

Site Input deals with information related to the location of the building, the mortgage payment,

the utility rates, and so forth.

116



Mortgage
Martaage Period
Maortgage Interest Rate

Marginal Income Tax Rate

Multipliers
Option Cost kultiplier

Building
EPw Location |LSA_MI_Lansing-Capital Eity..-’-\F'.?2539Ej
Terain Suburban hd
E conomics
Project Analysis Peniod 30 years
Inflation Fate 30 4
Dizcount Fate [Feal) an 4
Electricity Matural Gas ‘ Fuel Gil | Fropate
tility A ates
{* Uszer Specified Marginal 003 $4wh
" State Average Fized a.00 $manth
" Mational Awerage Awerage 00920 $/kwh
tet-tetered Excess Sellback Rate
" Retail Electricity Cost ,7 %/kwh
" User Specified
Fuel Escalation [Feal] oo Zhvear

Energy Factors

Source/Site Aatio

Carbon Factar

3.365

1.670

Ib /Kb

Figure 4.24: Site Input

4.4.4 Energy Simulation Output

Based on the input options the user selected, BEopt calculates the energy saving costs and other

energy outputs as a form of graph, and they are divided into the following types:

Cost and Energy Graph: As explained in section 4.4.1, this graph shows the percentage
of source energy savings and the amount of annual energy saving costs for each case,
compared to the reference case points. According to the purpose of users, the annualized

energy related costs can be utility bills only, or combined costs of utility bills and the

mortgage payment. In this example, only the utility bill costs are used.

End Use Graph: This provides the segments of the annual energy costs. It can be

presented with different kinds of energy-consuming segmentation, depending on the
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(it

graph types, which are Source Energy, Utility Bills, Site Energy-Electricity, Site Energy-

Natural Gas, Site Energy-Fuel Oil, Site Energy-Propane, CO2 Emissions, and Loads Not

Met. For the working example in this research, the Utility Bills type cost information is

used.

Input Option Graph: This summarizes the input options that the user selected for each

case. Based on the input options of the reference case, different input options for other

cases are indicated with green bars, and it helps to recognize the special input feature of

each case.
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Figure 4.25: Output Graphs
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445 Creating a Report

The detailed input options and the output energy saving information in BEopt can be exported to
comma-separated value (csv) files for other formats of data use. Though the reports can only
include the text information, the simple and compatible format for report files can easily be
imported to other software applications. This feature makes it possible for the BEopt input and

output information to be connected to other software.

BEopt creates detailed input reports. The input reports give a full account of the input options,
grouped by geometry inputs, site inputs and options inputs. This report includes every existing

case in the file.

BEopt also generates detailed output reports. The output reports encompass very specific levels
of energy saving information, such as option information, cost multipliers, unit costs, lifetimes,

annual simulation results, monthly simulation results, cash flow, and economics.

BEopt can produce reports of data exported from the output screen. According to the user’s
purposes, each of the output graphs’ (cost and energy graph, end use graph, and input option
graph) information can be exported separately. In this research, for the integration of BEopt
output data and the DSS, end use graph information is exported as a utility bills graph type. The
exported comma-separated values (CSV) file is imported to Exsys Corvid, and the cost

information is used to prioritize the user’s retrofit measures.
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4.4.6 BEopt Cost Information

According to the BEopt Library Manager, Cost Selector menu, the majority of cost data are

derived from the NREM database, version 2.0, and RSMeans 2009. Since both BEopt and the

NREM database were developed by the NREL, they share the NREM cost data. In addition to

the cost information, the measure groups of BEopt are similar to the measure groups of the

NREM database. These compatible features led BEopt to be chosen as the energy simulation

software for the integrated intelligent Decision Support System combined with the NREM

database.

® BEopt Library Manager - Cost Selector

File Edit View

H 2 eV x|

| Lifetimes Unit Costs Cost selection name: |De
Wood stud Detaut ...m . Retonr.

years pTiZINet ... Sit?Net ... S/ft?Net ...
None

Uninsulated, 2x4, 16%0.c.

R7 batts, 2x4, 16%0.c.

R11 batts, 2x4, 16"0.c.

R13 batts, 2x4, 16"0.c.

R13 loose-fill, 2x4, 16"0.c.

R1S batts, 2x4, 16%0.c.

R19 batts, 2x6, 24"0.c.

R11 batts, 2x4, 16%0.c. + 1" foam
R21 batts, 2x6, 24"0.c.

R13 batts, 2x4, 16%0.c. + 1" foam
R19 batts, 2x6, 24%0.c. + 1" foam
R21 batts, 2x6, 24"0.c. + 1" foam
R19 batts, 2x6, 24"0.c. + 2" foam

Retrofit from Uninsulated or R7 batts, no exterior foam, not brick siding, NREL DB v2

999

$2.50

$2.85
$2.92

$3.02
$3.39
$3.83
$4.47
$3.90
$4.37
$4.47
$4.68

v $0.00

v 8220

Figure 4.26: BEopt Cost Sources
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4.5 CHAPTER SUMMARY
In this chapter, the quantitative information sources for the integrated intelligent Decision

Support System were examined.

The NREM database provides the major cost information for improving the residential retrofit
measures, based on the before-component, the after-component and the action selected for the
implementation. In order to use the NREM measure cost information in the Decision Support

System, the database structure, XML and XPath were explained for effective integration.

BEopt simulates the energy efficiency with the selected measures, and provides the annual
energy utility cost information, which can also be used in the DSS. Both the NREM database and
BEopt were developed by the NREL, and the similarity of their energy retrofit measure

structures and cost information sources helps facilitate the integration process.
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CHAPTER 5
QUANTITATIVE INFORMATION INTEGRATION MODEL

WITH A WORKING EXAMPLE

5.1 OVERVIEW

In Chapter 4, the quantitative data sources, National Residential Efficiency Measures (NREM)
Database (NREL 2010), and Building Energy Optimization (BEopt) (NREL 2012) were
individually analyzed before being integrated into the intelligent Decision Support System. The
quantitative data sources were examined from an integrational point-of-view, with a discussion

of which parts of the data sources can be connected to the DSS.

This chapter begins with an explanation of the overall integration procedure. Since the expert
system shell program, Exsys Corvid (Exsys 2012), is the core of this integration model, its
structure needed to be built first, and then the structure has been applied to the Decision Support
System Framework developed by the Task 6.3 research team (Samuel 2011). Based on the Exsys

structure and the framework, a working example of the integration model will be developed.

5.1.1 Overall Procedure

The main purpose of this research is to implement an integrated intelligent Decision Support
System, combining quantitative cost information and energy simulation information, and to
suggest expert knowledge to the users in order to improve the existing residential energy

efficiency.
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This procedure starts by asking questions of the users, such as homeowners, about their current
residential buildings. In order to properly identify the retrofit measures to be improved, the
questions should be organized with a logical hierarchy, also called a logic tree. According to this
logic tree organization, Exsys asks questions of the users, and selects the retrofit measures to be
improved based on their answers. The current retrofit measure components and the suggested
improvements become the input options for BEopt, which runs the energy simulation in order to
calculate the annual energy saving costs using the input options. This BEopt output cost
information goes back to Exsys, and Exsys derives the average cost for improving the retrofit
measure from the NREM database. The cost information is then utilized to prioritize the
measures. Finally, the prioritized measures and cost information are provided to the users, with

additional expert knowledge, by means of text files, images and web links.

In this process, two different software applications, Exsys and BEopt, interchange their input and
output information by writing output files and reading the files. For example, the BEopt energy
simulation program provides the annual energy cost information. This can be exported as a form
of text file. Exsys reads the BEopt output file, and the cost information becomes the input from

Exsys for further calculation (see Figure 5.1).
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|

| Write BEopt Qutput File, Annual Cost (File2) |
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| Read BEopt Output, Annual Cost Info. (File3) |

v NREM
| Select Cost Data from NREM Database | Database
\ 4 (Run As

Applet)

| Prioritizing Process, Budget Calculation |

Prioritized Measure List, Remaining Budget

Figure 5.1: Overall Procedure and Limitation

5.1.2 Technical Limitation: Manual Work (BEopt)
Currently, there are technical limitations to simultaneously integrating the Exsys expert system

software, BEopt energy simulation software and the NREM XML database.

The first limitation is related to the Exsys running environment settings. While Exsys Corvid
must be “run as applet” when it uses the external XML database, it must be “run as application”

when it calls the external programs; these two different running environment settings cannot be
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compatible. This limitation will be improved when Exsys releases the next version of its Corvid

software.

The second limitation is in BEopt. It is related to importing external information and then setting
it as an input option. Though BEopt does not provide such a function in the current version,
similar tasks will be available in the next version upgrade, which BEopt plans to release in the

summer of 2012.

With these current technical limitations, an amended development strategy has been employed in
“further steps,” by operating BEopt energy simulation manually and importing the BEopt output
file into Exsys Corvid. However, a separate BEopt calling example has been developed as well

for future development after the limitations are solved.

5.2 STRUCTURAL ANALYSIS

5.2.1 Linking Exsys Corvid Components and Quantitative Data Sources

The core of the integration model is Exsys Corvid, the expert system shell software, with other
external quantitative data sources integrated into this core. Therefore, the first step in developing
the integration model is to have a comprehensive understanding of the Exsys Corvid system

structure.

The basic components of Exsys Corvid are Variable Block, Logic Block, Command Block, and
the Result setting in Command Block. As explained in Chapter 3, each component plays a role in

incorporating the external data sources, which is a key to implementing the integration model.
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First, the NREM database can be connected to Exsys Corvid by means of XPath, when the
variables are set at the beginning of the integration. Second, BEopt output, the annual utility bill
information, can be incorporated in the Meta Block, which enables the utilization of a table
structured data group in the Logic Block. Third, when Command Block is built, external BEopt
software can be called from Exsys Corvid, using the “Extern” command. Finally, additional
expert knowledge, in the form of text files, images and web page links, is provided on the result
screen to help users understand the retrofit measures better. Figure 5.2 shows the relationship

between Exsys Corvid components and the external data sources.

s N - ~

Exsys Corvid ,’ External Data Sources \\
[ 1
Set ! NREM Measure Cost Data :
Variables : (XML, XPath) |
v | |
| |
Build I BEopt Annual Cost Output |
Logic Block : (Meta Block) :
\lf 1 1
|
Build : Call BEopt .
Command Block : (Extern Command) :
v - .
Provide : Text, Image, Link :
Result . (Edit Result) I
/

_ J h S e o _____ .7

Figure 5.2: Exsys Corvid Components and External Data Sources

5.2.2 Exsys Structure for Integration Model

The integration model development starts by setting variables, which are used for the questions,
the answer list, and the systematic value transfers. Then, the questions and the answer lists are
organized, and the decision-making logic is defined in the Exsys Corvid components. After this

process, the prioritized list is provided on the user interface.
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Figure 5.3 explains this process within the Exsys Corvid structure. First, Logic Block deals with
general questions about the house and the retrofit measure information, in order to diagnose the
current energy efficiency of the user’s house, and the immediate needs. Based on the answers,
the Decision Support System selects retrofit measures to be improved. The information about the
selected measures is used as the input of a second Logic Block, which derives more specific
measure names found in the NREM database, by means of backward chaining. In a third Logic
Block, the cost information from the external data sources, such as BEopt and the NREM
database, forms a Meta Block, and this Meta Block is utilized in the decision support process and
the remaining budget calculation. According to the process, the retrofit measures are prioritized,
and the remaining budget and other information are displayed on the user interface. The
Command Block manages the whole sequence of the system process, controlling which

information will be shown and how it will be displayed on the result screen.

/ Variables \

v
Command Block
Logic Block 1 Logic Block 2 Result 2
Questions To Users P Backward Chaining List of
(Logic Tree) | Prioritized Measures
- Immediate Needs Logic Block 3 with Expert Advice
- Existing Conditions (ordered by
Meta Block Effective Return)
J, BEopt Annual Cost
Result 1 NREM Measure Cost - Result Explanation
“Listof = Other Cost - Prioritized List
Selected Measures - Decision Support - Cost Information
Process (Weightage) -Text, Image, Web Link
- Calculate Budget - Remaining Budget
N ~/
User Interface <&

Figure 5.3: Exsys Corvid Developing Structure
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5.2.3 Applying Exsys Structure to the Framework

The integration model implementation is based on the Energy Retrofit Decision Process
Framework, constituted by the Task 6.3 research team. The decision process framework is
implemented by applying the Exsys Corvid Developing Structure (Figure 5.3), with the

components in the framework grouped as inputs and outputs by their characteristics.

For example, the questions about user needs and existing retrofit measures can be “input,” and
the selected measures from the answers can be “output.” As a result, all of the framework
components are classified into two input groups and two output groups. When this framework is
applied to the integration model, the input groups constitute the Logic Blocks, and the output
groups are derived from the Result part of the Command Block in Exsys Corvid. Figure 5.4

explains the application of Corvid structure to the framework.

N EE NN EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEENEEEEEEEEEENEEEEEEEEEEEE Logic Block1 [} .'.

L3

»
. . %
. H
. H
- L]
H H
H Analyze Analyze H D D
H Immediate Existing H
L]
E User Needs Conditions . D
* cd
.l

_________________________________ N .

|’ Logic Block 2
1 Thermal Envelope & Heating & Cooling Stand-Alone Result 1 Backward
|\ Lighting Measures Measures Measures J Chaining

+

e
d .0
3 LogicBlock3 NREL

0
-
Database H
- Prioritize by
Shortlist by May Dictate Cost .

User Budget Shortlisting and Effectiveness
Prioritization

Shortlist & Provide ATl U i BEopt
Prioritize by Prioritized Measures Occupant Meta Block Energ_y Result
. User Needs Health Info Modeling ‘.-
-t

AEIEEEEEEENEEEEEEEg

.

A E RN RN NN NN NN NN EEEEEEEEEEEEEEEEEE R R S S I N NN NN NEE NN EEEEEEEEEEEEEEEEEEEEEEEEEEEEE

,_--__--__----m--------------__-__--__--_...‘

I'4
1 Published Info 1
1 | Expertise &BA 1
1 Resources
|

. Level of Installer Mat. Sel. &
I\ Techniques Difficulty Installer Skill Safety Procurement Other Factors

Figure 5.4: The Framework with Corvid Structure (Modified From: Samuel 2011)
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5.3 INTEGRATING EXTERNAL QUANTITATIVE INFORMATION

Information flow between Exsys Corvid and other external quantitative data sources is
fundamental to the integration model. The information flow can be divided into three steps, as
shown in Figure 5.5. The first step is selecting measure information in Exsys Corvid. This
information flows into the external data sources. In the next step, the information from Step1 is
processed in the different applications, BEopt (Step2A), the NREM database (Step2B), and
others (Step2C). Then, the outputs from Step2 go back to Exsys Corvid, where they are utilized
as the inputs for the next process.

In this integration model, the information processing methods differentiate according to
integration feasibility. While the information flow between Exsys Corvid and the NREM
database can be fully integrated, the flow between Exsys Corvid and BEopt is combined with
manual standalone work, due to the current technical limitations. Besides the NREM database
and BEopt information, annual loan payment and incentive amount information is manually

incorporated from other sources, such as DSIRE, in order to calculate the energy efficiency costs.

This section consists of three main parts. Section 5.3.1 explains the integration of the NREM
XML database. Section 5.3.2 provides an explanation of how the BEopt running output — the
annual utility bill cost information - is incorporated into Exsys Corvid. Section 5.3.3 accounts for
how additional text, image and web link information are provided on the result screen. Figure 5.5

demonstrates the information flow among Exsys Corvid and the external data sources.

129



Exsys Corvid

User Input

| step1 [N 4
Selected ret"

Measures

Cost Data
-BEopt

- NREM
- DSIRE d

v
m Decision
Support
Process
A 4
Prioritized
Measures
& Advice

. /

======23» Standalone Process

Integrated Process

BEopt

S S

Input
Set Measure Options

v

Run
Simulate Annual Cost

v

S ssssssmmmmman

Output
Annual Utility Bill Cost

(Excel File)

A 4

Edit File (Macro)
Convert File to
Exsys Readable Form
(Tab-delimitated Text File)

Step 2A

NREM Database

Input

Component Name

\ 2

Select: XPath
Average Measure Cost

/

~
Step 2B

v

Other Sources (DSIRE)

EEEEEEEEEEEEEEEEEEEEEEEEEEEnnnf

Annual Loan Payment
Incentive Amount

Figure 5.5: Information Flow

5.3.1 Integrating the NREM XML Database

The NREM database delivers the cost information for implementing the retrofit measure

improvements from the before-components to the after-components. The NREM XML database

can be called from Exsys Corvid, usually during the variable-setting stage. When the external

XML database is called from Exsys Corvid, specific XPath query syntax is used to select the

target information from the XML node. In this process, the XML file must be located in the same

folder as the Exsys Corvid system files. The file name must be in quotes in the Xpath syntax in

order to be utilized.
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5.3.2 Integrating BEopt Information
After selecting the measures to be improved, the current retrofit measure information and its
improvements are set as the inputs for the BEopt energy simulation program. BEopt simulates

the energy efficiency and derives the annual utility bills for each measure application.
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Scale: 1 cell =1 1t Front
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Figure 5.8: BEopt Input Screen

BEopt provides the annualized energy cost, which can be exported as output data in the form of

an Excel file. However, this BEopt output file must be modified in order to be utilized in Exsys

Corvid more easily.
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Figure 5.9 shows the BEopt output, the annualized utility bills graph. This information is
exported in the form of an Excel file, as shown in Figure 5.10. However, Exsys Corvid can
utilize this information more effectively when the columns and the rows are transposed, and are
saved as a tab-delimited text file. This repeated routine is recorded in an Excel Macro as Figure
5.11 presents, and the raw output data is converted into a dexterous text file easily, by using this

Macro as shown in Figure 5.12.
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Figure 5.9: BEopt Output Screen
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Figure 5.10: Exported BEopt Output Data (Raw File)
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Figure 5.12: Converted BEopt Output Data

This converted BEopt output file can be imported into the Exsys Corvid Meta Block, to be used
for the process of further-prioritizing (see Figure 5.13). When this file is open from the Meta
Block section in the Logic Block, the column names and data are automatically placed inside the
data block with the columns and the rows (see Figure 5.14). The column headings and the data

can be used in Exsys Corvid, in the same ways as the other variables.
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Figure 5.13: Importing BEoput Ouput File from Meta Block

MetaBlock

Source: IFiIeJ URL vl

MetaBlock File to Use [Tab Delimited Spreadsheet): - After each Row, Clear Variables

Select variable to clear and click “Add"

|BEopt_MetaBlock txt

Column Headings

Variables that will be cleared:

Name

Fixed Charges
Misc. [E)
‘Vent Fan [E)

ights (E)
HVAC Fan/Pump (E)
Cooling [E)
Heating (3]

Help |

Cancel |

0K

Figure 5.14: Imported Column Heads in Meta Block
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=, MetaBlock Data Editor

MetaBlock Data Editor
Ny
Name Fized Misc. [E] | VentFan La. Appl [E] Lights E] HVAC Cooling [E] | Heating [G] | Hot Water
262.08 448 170.79 165.2 118.32 101.76 2151.2 148.04
- Di 262.08 448 169.27 165.2 118.32 101.76 2151.2 144.59
262.08 448 170.79 165.2 75.12 59.68 1428.8 148.04
262.08 448 170.79 165.2 1104 102.8 1888 148.04
262.08 4.48 170.79 165.2 98.24 7272 1861.6 148.04
262.08 448 170.79 95.36 118.88 100 21728 148.04
262.08 448 170.79 165.2 118.32 101.76 1863.2 148.04
262.08 448 170.79 165.2 18.24 92.24 0 148.04
262.08 448 169.27 95.36 48.08 3264 791.2 144.59
262.08 448 169.27 95.36 6.08 31.52 0 144.59
Rows Columns
Values Used 1 - Unretrofitted
Add | Add | [71-Unetrofitted - s
‘ [ 2 - Dishwasher
Delete Delete 3 - Attic&Ceiling
4 - Crawlspace Walls %
[ A [ 5 - Windows
6 - Lighting
Move Down | Move Right | |7 - Fumace N 0K

Figure 5.15: Imported Data in Meta Block

5.3.3 Integrating Text, Image and Link Information

At the end of the integration model running process, additional information is provided in the
form of text files, images and web links, in order to help users to understand the retrofit measures,
installation techniques and so on. This explanatory information can be delivered in different

ways in Exsys Corvid, according to its purpose and the location of the information display.

The first method is to use the Meta Block, which is extensible by adding new columns and new
data (see Figure 5.15). In this integration model, the Meta Block method is used to provide the
text files, the images and the web links. The file names of the images and the documents
specified in the Meta Block can be displayed on the result screen, combined with the program
logic and commands. The text and image files must be located in the same folder as the Exsys

Corvid system files in order to be referenced by just the file name.
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=~ MetaBlock Data Editor

MetaBlock Data Editor
| HVAC | Cooling[E] | Heating[G]  HotWater = Misc. [G] Total Annual Incentive Image Link Documet o
1 11832 101.76 2151.2 148.04 6.4 3320.26 0 0 efficienthome http://www. € efficienthome ||
2 11832 101.76 2151.2 14459 6.4 33153 112.8 0 dishwasher. ¢ http://www. € dishwasher.p
3 |78.12 59.68 1428.8 148.04 6.4 2512.99 505.08 50 attic. gif http:/ /v, € attic. pdf
4 1104 102.8 1888 148.04 6.4 3050.19 190.44 50 crawlspace.c http://www.€ crawlspace.p
5 9824 7272 1861.6 148.04 6.4 2981.56 1625.04 237 window.gif  http://www.€ window. pdf
6 (11888 100 21728 148.04 6.4 3270.8. 25.08 30 lighting.gif  http://www.€ lighting. pdf
7 11832 101.76 1863.2 148.04 6.4 3032.26 627 450 fumace.jpg  http://www.€ fumace. pdf
g 1824 92.24 0 148.04 6.4 1059.47 efficienthome http://www.€ efficienthp
9 4808 3264 791.2 144.59 6.4 1746.1 efficienthome http://www.€ effisiehthome
10 |6.08 31.52 0 14459 6.4 911.78 efficienthome hitpw#ewi.€ efficienthome
4 New Column
Rows Columns
Values Used Heading for new Column:
Add | [ Add |
Cancel
Delete | Delete | == concel_|
Move Up | Move Left |
New Col |
Move Down [ Move Right | I ow Cohar 0K

Figure 5.16: Text, Image, Link Information in Meta Block

The second method is to specify the file information in the collection variables, which can
demonstrate the process information in the form of a report at the end of process-running (see
Figure 5.16). This method provides the same result as the Meta Block method. While the Meta
Block method is more useful when the text and image information are needed for every measure,
the Logic Block method is useful when only some of the measures need the text and image

information.

The last method is to use the Result setting in Command Block. This method is appropriate for
general information rather than specific measure-related information. In this integration model,
this method is used to explain the meaning of Effective Return and Effective Cost at the

beginning of the result screen.
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5.4 INTEGRATION MODEL DEVELOPING PROCESS

In this chapter, the integration model is explained, following the sequence of system
development. The forepart of the integration modeling is related to the interaction with users,
which includes the steps for organizing the questions for users, compositing the answer list for
each question, and arranging the result display. The latter part deals more with Exsys Corvid
system-related development, which include the steps to set variables, to build logic blocks, and

to build command blocks. Each step will be explained in detail.

5.4.1 Organization of Questions

The first thing the integration model must decide is what to ask to users, in order to elicit the
current retrofit measure information for their residential buildings. In addition to understanding
the general information about residential retrofit measures, the NREM database measures and
BEopt input options must also be analyzed. Since the retrofit measure information must be
compatible between the NREM database and BEopt for the system integration, the questions

must be designed by the measure components that exist in both the NREM database and BEopt.

It is also essential to understand the NREM database measure structure, since the sub-questions
for a retrofit measure follow the NREM measure structure. For example, questions about
“dishwasher” start by asking about the users’ current dishwasher type — “standard” or “energy
star” —and ask about the quantity of the measure as well. This current dishwasher type matches
with the “before-component” in the NREM measure structure. Then, the integration model
provides possible improvements for the current measure, which match with the “after-component”

in the NREM measure structure. Based on the selected “before-component” and “after-
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component,” the “average unit cost” for implementing the improvement is derived from the
NREM database. Since the “average unit cost” needs to be multiplied by the quantity fed by
users, to calculate the total NREM measure cost, the quantity question must use the same unit as
the NREM database. Figure 5.17 explains the M:N relationship between before-component and

after-components.

Before- After-
Cost
Components Components
—e

M:N Relationship
(Selecting Possible Improvements)

Figure 5.17: Selecting Possible Measure Improvements from NREM Database

5.4.2 Composition of Answer List

After deciding what to ask users, the multiple choice answer list under each question needs to be
composited. Each answer choice on the list is a measure component of the NREM database, but
the components must be also compatible with the BEopt input options, to interchange the retrofit

information between them.
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This work is intricate, since the NREM database measure components and the BEopt input
options are quite different, even though they share same measure data information to some
degree. While some measures, such as attic insulation and furnaces, are fairly compatible with
each other, other measures, such as lighting types and window area, are nearly incompatible due
to the totally different approach each system uses to manage the measure information. Even in
some compatible measures, the measure components on the answer list are restricted to those
that exist in the BEopt input options, since the NREM database usually contains many more

measure components than BEopt.

Figure 5.18 shows an example using the compatible measure components between the NREM

database and BEopt, and Figure 5.19 shows the opposite example.

=, CorvidBrowser

rvi ntim
e ] Cost Selection: |SarnpleAHelrofit, Chicago ﬂ <

i) | Combined Graphs

Select gne-fromthe recommended attic insulation list :\W/alls [ 5-Windows [(3 6 - Lighting [ (¥ 7 - Fumace [ £} & - Without
« sA%iic and Ceiling (R-19 Fibeialass] NREM Measure Existing: | Uninsulated, Verted |

Aftic and Ceiling (R-21 Fiberghyss Component Ref Post-Retrofit jons

Attic and Ceiling (R-25 Fiberglas . .
At and Cailing (R.30 Fiberal (Attic Insulation) Fl D
ic and Ceiling (R-30 Fiberglass; 2) ALeiing R11 Cellulose Blown-In, Verited

Attic and Ceiling (R-38 Fiberglass) Ceiing R19 Cellulose Blown-in, Vented

) N , 4) Celing R30 Cellulose Blown-In, Vented

Aftic and Ceiling (R-44 Fiberglass) 5) Ceiing R38 Cellulose Blown-In, Verted

Aftic and Cel'lng (R-49 Fiherglass) 3] Cqﬁng R49 Cellulose Blown-In, Vented

_ N ) 7) Ceiling R60 Cellulose Blown-In, Vented

- Attic and Ceiling (R-60 Fiberglass) 8) Ceiling R11 Fiberglass Blown-In, Vented
Afttic and Ceiling (R-19 Cellulose)
Aftic and Ceiling (R-21 Cellulose)

9) Ceiling R13 Fiberglass Blown-In, Vented
10) Ceiling R30 Fiberglass Blown-In, Yerted
Aftic and Ceiling (R-25 Cellulose) /
Attic and Ceiling (R-30 Cellulose)
Atic and Ceiling (R-38 Cellulose) BEopt Input

11) Ceiling R38 Fiberglass Blown-In, Vented
12) Ceiling R49 Fiberglass Blown-In, Verted
Aftic and Ceiling (R-44 Cellulosg (9] ptions
Aftic and Ceiling (R-49 Cellyldse) [Attlc Insulation)

"IN

14) Ceiling R30 Fiberglass Batts, Vented
15) Ceiling R38 Fiberglass Batts, Vented

7YY YYD

17) Roof R19 Fiberglass Batts
18) Roof R30 Fiberglass Batts

13) Ceiling RE0 Fiberglass Blown-In, Verted
19) Roof R38 Fiberglass Batts
i and Ceiling (R-60,@%€llulose) x

alelelalelale]

C:A\Documents and Settingsicm studenti\iMy Documents_Researchi\Tool_E xsysiWwork_E xsyshl

Figure 5.18: Compatible Measure Example between NREM Database and BEopt
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File

Exsys Corvid Runtime . —
Cost Selection: |Sample - Retrofit, Chicago _ﬂ <

t) | Combined Graphs
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Component
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a
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5.500000e+00 (Lighting) 13) 138

Figure 5.19: Incompatible Measure Example between NREM Database and BEopt

5.4.3 Output Result Arrangement

The next step is to decide which information will be illustrated on the result screen, and in which
way. In this integration model, the result screen begins with an explanation about some of the
variables, such as Effective Return, Effective Cost and Payback Year. The core information —the
prioritized measure list - is then displayed, ordered by the values of the Effective Return variable,
with additional images, text, and web link information for each measure. At the end of the list,
the remaining budget is provided, calculated with the initial user’s budget and the effective cost

of each measure.

After deciding the user-interface-related process, the integration model development moves on to

building the Exsys Corvid system elements.
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5.4.4 Variable Setting

Variable setting is the first step in converting the questions, the answer lists and the prioritizing
procedure to the Exsys Corvid system language. According to the properties of the questions and
the answer list, variable types are decided upon, and certain variable types are used to perform
specialized functions. In this research, Dynamic List Variables, Confidence Variables and
Collection Variables play significant roles in the implementation of the integration model. When

the variables are set, the external NREM database can also be called.

1) Selecting Variable Types
Dynamic List Variables are used to derive and demonstrate the possible measure improvement
list in this model. Dynamic List Variable values can be set at runtime, which means that the
values are from the reaction to the prior action. For example, the user chooses one answer from
among the several current measure components (before-components), and the chosen current
measure component derives its possible improvements (after-components) from the NREM
database. The possible after-component values vary, depending on which before-component is

selected during the runtime, so they cannot be pre-set during system development.

Confidence Variables are utilized to calculate Effective Return values, Effective Cost values,
Payback Year values, and Remaining Budget values. Confidence Variable values are calculated
using various rules, which are defined in the Logic Block. According to the formula specified in
the logic, the Confidence Variable values can be derived during the runtime. The confidence
value can be initialized for each measure or can be cumulated throughout the entire runtime. For

example, Effective Return, Effective Cost, and Payback Year values are initialized whenever the
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system derives values for a measure component, to assign the calculated value to each
component. On the other hand, Remaining Budget values are cumulative, beginning with the

user’s initial budget, and continuously subtracting the Effective Cost of each measure.

Collection Variables are used to provide the prioritized list on the result screen. Collection
Variables can save the processing values during the runtime. The saved values can be displayed
on the result screen; this can be also used to debug logic errors during the system development.
Collection Variables can be displayed on the result screen, ordered by a specific variable value,
which is one of the key elements to prioritizing the retrofit measures. For example, in this
integration model, the prioritized measure list is ordered by Effective Return values, which

means that as the retrofit measure displays higher, it has a higher Effective Return value.

Since variable types are directly related to the attributes of measure components, both the
measure components and the Exsys Corvid variable types must be understood simultaneously in

the developing process.

2) Calling External NREM XML Database
As explained in Section 5.3.1, the external database can be called when the variables are set, in
order to derive variable values from the database. In this integration model, the NREM database
is used to derive the possible measure improvement list, and its cost reference list. It is also used
to select the average cost to improve a specific current retrofit measure (before-component) to
another energy efficient measure (after-component). The XML database can be handled using

XPath. The main XPath query examples used in this integration model are shown below. In
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Exsys Corvid, double square brackets “[[ ]]” are used for embedded variable values, which

means the selected values at runtime.

e Example 1: Selecting possible after-component list (multiple value list)

XML “NREM_data.xml” / RetrofitDbData / tblWebMeasures / webMeasures

[sBeforeComponent = "[[_Before_Component1]]"] / sAfterComponent

e Example 2: Selecting cost reference list (multiple value list)

XML “NREM_data.xml” / RetrofitDbData / tblWebMeasures / webMeasures

[sBeforeComponent = "[[_Before_Component1]]"] / nAverageCost

e Example 3: Selecting an average cost value for a specific before-component and an after-

component (single value)

XML “NREM_data.xml” / RetrofitDbData / tblWebMeasures / webMeasures
[sBeforeComponent = "[[_Before_Component1]]" and sAfterComponent =

"[[_After_Component1]]"] / nAverageCost

5.4.5 Logic Block

1) Backward Chaining
The original concept of backward chaining was to find a particular value for the current work, by
checking whether any other rules in the program can identify its value (Exsys 2012). In this

integration model, backward chaining is utilized to find the NREM database component names
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for the user-selected measure names. For example, when the integration model asks about a
window measure, the user can select the values from among “Single Pane”, “Double Pane” and
“Low-e”. However, these user-friendly simple names must be converted to the component names
of the NREM database to derive values from the database. A Logic Block specifies this
corresponding rule, and backward chaining helps to match “Single Pane” to “Window (Single-
Pane, Clear, Vinyl Frame)” for the NREM database’s use. Figure 5.20 explains the concept of

backward chaining and Figure 5.21 demonstrates the use of backward chaining in the integration

model.
User
Questions " Logic Block
Backward
Chaini s N ~
J, — Exsys Variables Name
Matching
Answers i _Before_ _After_ _NREM_
(Selected  |=2» =3 Component P Component P Unit_Cost
Answer Name
Measures) T 1~6 1~6 1~6
\ J NREM DB \ /
Component r \
Name NREM NREM NREM
- 7 Before After Average
Component Component Cost
NREM Database

Figure 5.20: The Concept of Backward Chaining
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14| Logic Block

CEX

Logic Block Select Block to Display: . Help
1_Leah Backward '| Edit Name
' | | | Line:
K0 | 1 | DG | | | | =
=~ 1_Dishwasher £ Standard -
[_Before_Comoonent]] = ' 'Dishwasher [Compact, 260 Annual Kwh]"
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Same Level —I el
Cancel
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Figure 5.21: The Use of Backward Chaining in Logic Block

2) Meta Block
A Meta Block is expedient for working with a group of data consisting of the column headings
and the data rows. Once the Meta Block is set in the Logic Block, the column names and the
values can be treated in the same way as the other ordinary Exsys Corvid variables. The
difference is that Meta Block variables are identified in curly brackets “{ },” while the ordinary
variables are identified in square brackets “[ ].” As explained in Section 5.3.2 and Section 5.3.3,
Meta Block is used for the BEopt annual utility bill cost information, and for additional text,

image and web link information in this integration model.
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3) Prioritizing Process

A Measure Ex) Attic Insulation
B Existing Efficiency
C Upgrade Efficiency
D Cost (NREM DB) € NREM
E Incentive Amount (From DSIRE)
F Effective Cost D-E € Exsys Calculation
¢8| Annual Loan Payment (From DSIRE)
;M Annual Energy Savings | Un-retrofit— Retrofit
Effective Return H-G € Exsys Calculation
Simple Payback F/H < BEopt & Exsys Calculation

Figure 5.22: Table of Cost Information (Modified From: Samuel 2011)

The main role of the Logic Block is to define rules for the system using the cost information as
shown in Figure 5.22. In this integration model, the calculation formula for Effective Return,
Effective Cost, Payback Year and other variables, and the prioritizing procedure of the measures

are described in the Logic Block. Some rules are explained below.

e Basic formula:
[ NREM_Calc_Cost] = [ _NREM_Unit_Cost] * [ _Measure_Quantity]
[_Effective_Cost] = [ NREM_Calc_Cost] — {Incentive Amount}
[_Effective_Return] = [_Beopt_Unretrofitted Total] — {Total} — {Annual Loan}
[ _Payback_Year] = [_Effective_Cost] / {Total}
e Prioritizing: The measures are ordered by their Effective Return values; the first measure

on the list has the first priority to be improved.
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Immediate User Need: Effective Return values are usually calculated by the basic
formula, as explained above. If the measure is selected as the user’s immediate need at
the beginning of the questions, a pre-defined sufficiently big number (9999999) overrides
the calculated Effective Return value in order to give the selected measure the first
priority.

Payback Year: If the Payback Year value of the selected measure is greater than the
number of years the user intends to live at the home, 5000000 is subtracted from the
calculated Effective Return value, to give the selected measure less of a priority.

“0” value of the quantity: When the user inputs “0” for the quantity of a retrofit measure,
it returns “0” to both Effective Return and Effective Cost.

Lighting Measure: As explained in Section 5.4.2, due to the dissimilar measure
structures of lighting components in the NREM database and BEopt, a modified formula
is used to derive “_ NREM_Calc_Cost” (the NREM measure cost for the selected
measure times the input quantity) for lighting. Since the lighting measure question asks
the current percentage of Compact Fluorescent Lights (CFL) installed in the user’s
residential building, the measure quantity needed for the improvement is [ (100% —
Current CFL %) * unit cost of a bulb * number of bulbs installed ]. For example, when
the current percentage of CFL is 40%, the number of bulbs installed in the house is 30,
and the unit cost of a CFL bulb is $6.80, the NREM measure cost for lighting becomes

[ (100% — 40%) * $ 6.8 * 30 ea. = $122.4].

Calculating Remaining Budget: As Figure 5.23 illustrates, Remaining Budget can be
calculated after the measures and their Effective Cost values are ordered by Effective

Return values. The order of the Effective Cost of the measures is saved in Collection
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Variables as one group of values [Level 0, raw data group]. At this level, the Effective
Cost values cannot be used for any calculation, therefore each value must be assigned to a
separate variable to keep the order [Level 1, separately assigned values]. However, when
the group of values is divided into each separate variable, they carry systematic garbage
values, which need to be trimmed [Level 2, trimmed values, string attribute]. Since
Collection Variables deal with the variable values as a string attribute, the variable
attribute must be changed to a numeric attribute in order to be used in calculation [Level
3, numeric values]. Each numeric Effective Cost value ordered by Effective Return can
then be calculated to get Remaining Budget. As the next measure cost is applied, the

Remaining Budget value is negatively accumulated.

[_Remaining_Budget] =

[ User_Budget] — [_EffCost_L3 Numericl] < Remaining Budget with 1St measure
— [_EffCost_L3 Numeric2] < Remaining Budget with 2nOI measure
— [_EffCost_L3 Numeric3] < Remaining Budget with Brd measure
—[_EffCost_L3_Numeric4] < Remaining Budget with 4th measure
— [_EffCost_L3 Numeric5] < Remaining Budget with 5th measure

— [_EffCost_L3 Numeric6] < Remaining Budget with 6th measure
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210.0
2680.0

3077.0 [Level O: Collection Variable]
160.0

Group of Effective Cost Values.
1860.0 / Ordered by Effective Return Values.
11663.0

0.0
0.0

[Level 1: String Variable]
Assigned to separate Variables.

” / But, Containing System Garbage Values.
0.0 Only Need the Last Part Numbers.

_EffiCost_L1_Assign1 /#50RT=9999999-0#810.0
_EffiCost_L1_Assign2 | #30RT=302.0#2680.0
_EffCost_L1_Assign3 | #530RT=79.0#3077.0
_EffiCost_L1_Assign4 | #530RT=24.0#160.0
_EffCost_L1_Assign5 #S0RT=-339.0#1860.0
_EffCost_L1_Assignt #SORT=-1286.0#11663.0
_EffCost_L2_String1 /810.0
_EffCost_L2_String2 | 2680.0

_EffCost_L2_String3 | 3077.0 [Level 2: String Variables]
«<———— Trimmed Variables.

But String Attribute.

_EffCost_L2_String4 | 160.0
_EffCost_L2_String5 | 1860.0
_EffiCost_L2_String6 | 11663.0
_EffCost_L3_MNumeric1 (810.0

_EffCost_L3_MNumeric2 | 2680.0

_EfiCost_L3_Numeric3 | 3077.0 [Level 3: Numeric Variables]
& Converted to Numeric Attribute.

Can Be Used for Calculation

_EffCost_L3_MNumericd | 160.0
_EffCost_L3_MNumerics | 1860.0
_EffiCost_L3_MNumerict | 11663.0

Figure 5.23: Transforming Variables for Remaining Budget Calculation

5.4.6 Command Block

Command Block controls the overall procedure of the integration model. It defines the order of
questions, and organizes the work order using the commands. Figure 5.24 illustrates the
command block built in the integration model. It begins by asking about the user’s budget and
moves on, asking questions related to the selected retrofit measures. Finally, it derives the
NREM after-component list for each component. After it is finished asking questions, it derives

the measure cost from the NREM database, based on the selected measure information. The
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command block then employs the Logic Block, which contains the prioritizing logic. At the end

of the command block, it specifies the result setting for the user interface.

1+l Command Block E]@SJ

Command Block Select Block to Display:

. H
1_Leah Command v Edit Mame S
" Line:
20| | i | | o | | % |
ASK [ User_Budget) \
ASK [1_Dishwasher] Questions about Budget & User’s Immediate Needs
DERIVE [ After_Cornp_List1]
ASK [2_Attic)

DERIVE [_After_Comp_List2)
giél\[i-c[l_:::tl;p_agjnp_Lisw] Questions about Current Measure Status

ASK [ Window] Derived After-Components from NREM Database
DERIVE [_After_Comp_Listd]
ASK [5_Lighting]

DERIVE [_After_Comp_List5)
ASK [6_Fumace]

DERIVE [ After_Comp_ListE]
DERIVE NREM_Unit_Cost1]
DERIVE [_MREM_Unit_Cost2]
DERIVE [_NREM_Unit_Cost3]
DERIVE [_NREM_Unit_Cost4]

1

Derived Average Unit Cost from NREM Database

DERIVE. LNREM Uit Cost] Using the Rules in Logic Block

DERIVE [ NREM_Unit_Cost6]
FORWARD BLOCK=2_Lesh MainLogic

Providing Results to the Users

NN

RESULTS
Control Command |
Find
[ 7 | | |
=
J |Corrrnenl s |
JEe T

Done |

Figure 5.24: Command Block in Integration Model

The result screen can be handled in the Command Block. Figure 5.25 shows the screen setting
for the integration model. The title and the explanation of the concept of Effective Cost and
Effective Return are shown at the top. The prioritized list saved in “Report_Overall,” a
Collection Variable, is displayed with an additional image, text, and web-link information.

Finally, the calculated Remaining Budget values are provided to the users.
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Help |
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DERI TEXT "Effective Cost in descending order of Effective Retum values.” FORMAT: STYLE=Boldtltalic BCOLOR=221,255,187
DERI -
FORW
FM ‘|\ |
Control- I o~
IF \ Result Screen Information
whie | [ Buld

o » \’Iaiahles P | (" Dispey | Instead )|  Fommat Link

" Image PG or GIF)

Text Format:
| Browse |
O Text |

Figure 5.25: Result Setting in Command Block

5.5 WORKING EXAMPLE
In this section, the integration model is demonstrated using a working example, and the running
process is explained with the help of selected screen captures of the system. All of the screen

captures of the running process are provided in the Appendix.

5.5.1 Basic Questioning Process
The running process begins with questions about the user’s budget, the year the home was built,

the number of years the user intends to live at the home, and the retrofit measure the user needs
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immediately. If a measure is selected as the user’s immediate need, it has first priority for being
improved. In this case, the initial user budget is 8,000 dollars, and the user needs to change the

current dishwasher immediately.

= CorvidBrowser @ c

File
Exsys Corvid Runtime

How much is your budget? ($)
18000 |

How many years ago was your home built? (years)
100 \

How long do you plan to live at your current home? (years)
|3

What is your immediate need?
@ Dishwasher

Attic Insulation
" Crawlspace Insulation
 Windows
" Lighting
 Fumace

C:\Documents and Settings\cm student\My Documents'_Research\Tool_Exsys\Work_Exsys\Leah_Thesis1.html Exit |

Figure 5.26: Initial Questions in the Running Process

The system then asks about all of the selected measures. In this working example, 6 retrofit
measures are selected, including the dishwasher, attic insulation, crawlspace wall insulation,

windows, lighting and furnace.

The questions for one retrofit measure consist of the current measure state, the quantity needed,

the list of possible improvements and the reference list of the measure unit costs. In Figure 5.27
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the first question is about dishwashers; the user’s current dishwasher is standard, and he/she

needs one dishwasher.

[ Selected Measure 1]

What is your DISHWASHER type?
@ Standard
" Energy Star

How many dishwashers do you need? {ea.}
1

ok |

C:ADocuments and Settingshom studentMy Documentsh,_FResearchhT ool Exspevwork_ExzysiLeahl_55_DD.html Exit |

Figure 5.27: Measure Questions (Current State, Quantity)

Based on the selected current measure information (before-component), the integration model
derives possible improvements (after-components) from the NREM database, which are shown
on the next screen. When the user selects “standard” as his/her current dishwasher, the user-
friendly name “standard” is changed into an NREM before-component name, “Dishwasher
(Compact, 260 Annual KWh)” through backward chaining. The NREM database provides 3
possible after-components, with their unit cost list as a reference. Figure 5.28 shows the NREM-
driven list of more energy-efficient dishwashers, and the cost list. When the user selects the first
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option, “Dishwasher (Compact, 214 Annual KWh),” the unit cost to replace the before-
component “Dishwasher (Compact, 260 Annual KWh)” to the after-component “Dishwasher

(Compact, 214 Annual KWh)” is 810 dollars.

w| CorvidBrowser

Exsys Corvid Runtime

Select one from the recommended dishwasher list :
@ - Dishwasher (Compact, 214 Annual kish)
" Dishwasher {Compact, 222 Annual Kewh)
" Dishwasher {Compact, 234 Annual kvh)

Unit Cost Reference (ordered by the list above)

8.100000e+02
7.800000e+02
7.500000e+02

ok |

C:ADocurments and Settingshem studentity Documentsh_ResearchhTool Ewxsysiwark_Exspsileak Thesiz html Exit |

Figure 5.28: Measure Questions (NREM After-Component and Cost L.ists)

For more NREM database information, the NREL webpage containing the dishwasher measure

information can be linked by clicking on a “Unit Cost Reference” item.
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{2 NREL: National Residential Efficiency Measures Database - Retrofit Measures for Dishwasher - Windows Internet Explorer

SAe, ‘g, nrel.gov V| B[ #2|| X '-.l
File Edit View Favortes Tools Help
¢ Favarites (€ NREL: Mational Residential Efficiency Maasures Datab... ﬁ B = Eél v Page~ 3afety = Tools -

@

National Residential Efficiency Measures Database

=3

NREL

4 Retrofits Home

About the Database

All Measures
Appliances
-Clothes Dryer
-Clothes Washer
~Dishwasher
~Freezer
-Refrigerator
Domestic Hot Water
Enclosure
HVAC
Lighting
Miscellaneous

Application Developer
Tools

Change Log

Data Dictionary
XML File Download
Glossary

Help

Submit Comments

Submit Data

Submit Questions/C ts

Retrofit Measures for Dishwasher
Here you will find the data for Dishwasher measures available in the National Residential Efficiency Measures
Database. Each measure consists of a before-component, an after-component, and the estimated cost to

implement the measure.

Filter on Before-Component:

‘AII Components

|

Viewing 31 Dishwasher Measure(s) of 31

Replace Compact Dishwasher:

Dishwasher (Compact, 214 Annual
kwh)
Properties:

» Annual kWwh: 214 kWh/year

» Capacity: Compact

+ Energy Factor: 1 cycles/kWh

+ Lifetime: 11 Years

+ Water Usage: 2.7 Gal/cycle
Performance Standards:

s Exceeds Energy Star 2009

+ Exceeds Federal Standard 2010

» Exceeds Energy Star 2011

Replace Compact Dishwasher:

Dishwasher (Compact, 222 Annual
kwh)

Properties:

Dishwasher (Compact, 214 Annual
kwh)

Properties:
o Annual kWh: 214 kwWh/year
» Capacity: Compact
+ Energy Factor: 1 cycles/kWh
+ Lifetime: 11 Years
« Water Usage: 2.7 Gal/cycle
Performance Standards:
s Exceeds Energy Star 2009
+ Exceeds Federal Standard 2010
» Exceeds Energy Star 2011

Dishwasher (Compact, 214 Annual
kwh)

Properties:

Annual kwh: 222 kwh/year
Capacity: Compact

Energy Factor: cycles/kWh

Lifetime: 11 Years

Water Usage: 3.5 Gal/cycle

Annual kwh: 214 kwh/year
Capacity: Compact

Energy Factor: 1 cycles/kWh
Lifetime: 11 Years

Water Usage: 2.7 Gal/cycle

Measure Cost

Total:
s Range: 480 - 1300 %
e Average: 810 3

Measure Cost

Total:
s Range: 480 - 1300 %
s Average: 810 &

@ Internet Gy v W 00%

Figure 5.29: NREM Webpage Link with NREM Database Information

The same pattern is repeated for each of the selected retrofit measures. In this research, six

measures are used for the integration model.

5.5.2 Result Screen
The result screen provides the system title, and a basic explanation about Effective Cost,

Effective Return, and Payback Year to help the user understand the results more

comprehensively.

157




=, CorvidBrowser [;]

File

Exsys Corvid Runtime

[ Prioritized Retrofit Measure List]

Effective Cost = (NREM Unit Cost x Measure Quantity) - Incentive Amount

Effective Return = Annual Energy Savings - Annual Loan Payment

Payback Years = Effective Cost / Measure Applied Utility Bills

Annual Energy Savings [BEopt Resulit] = Unretrofitted Utility Bills - Measure Applied Utility Bills

Annual Loan Payment, Incentive Amount [Cost information from DSIRE]

1. When the measure is selected as user's immediate need, the given Effective Return VValue (9999993)
overrides the calculated Effective Return Value in order to give it the first prionity.

2. When the payback vear of the selected measure is ionger than the user's intended years to live,
5000000 Js sublracted from the caiculated Effective Return to give 1t less priority.

< DISHWASHER >

C:\Documents and Settings\cm student\My Documents'_Research\Tool_Exsys\Work_Exsys\Leah_Thesis1.html Exit

Figure 5.30: The Beginning Part of the Result Screen

In this case, the user selected the dishwasher as his/her immediate need; thus it is shown at the
top of the list as the first priority. Since it is the user’s immediate need, the pre-defined large
value ‘9999999’ overrides the calculated Effective Return value. The result screen also shows
which before and after components are selected at runtime, the input quantity and the unit cost of
the dishwasher derived from the NREM database. Additional images and text explanation are

also provided on the result screen.
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=, CorvidBrowser

Effective Return : 9999999.0
Effective Cost:810.0
Payback Year : 0.24432178083431363

Before Component : Dishwasher (Compact, 260 Annual KWh)
After Component : Dishwasher (Compact, 214 Annual Kwh)
NREM Unit Cost: 810.0

Measure Quantity: 1.0

Energy Star is an international standard for energy efficient consumer products originated in the United
es of America. itwas created in 1992 by the Environmental Protection Agency and the Department

of Energy during the Chinton Administration.Since then, Australia, Canada, Japan, New Zealand, Taiwan

. More Information

C:\Documents and Settings\cm student\My Documents’_Research\Tool_Exsys\Work_Exsys\Leah_Thesis1.html Exit I

Figure 5.31: Information on the Result Screen

When the user clicks on the image of a dishwasher, as shown in Figure 5.31, the integration
model links to a web page related to the selected retrofit measure, which gives further
information. Additional documents providing expert knowledge are provided by clicking on

“More Information” as shown in Figure 5.31.
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(C13] itz uniy energystar. gov/index. cim?fuseaction=dishwash search_dishuashers v| ||| X 'GDUQIE ‘ P
Eie Edt View Favorkes Tooks  Help
- — >
i Favorites Find Dishwashers | ENERGY STAR ‘ ‘ - B - ) dm v page~ Safety - Toos~ @~
il
U.S. ENVIRONMENTAL PROTECTION AGENCY
About ENERGY STAR * News Room * FAQs * ¥
NEW HOMES BUILDINGS & PLANTS PARTNER RESOURCES
Products Home » Products » Dishwashers » Find Dishwashers
peenzrevstR - Find ENERGY STAR Qualified Dishwashers
roducts
How a Praduct Earns You canfind ENERGY STAR qualified dishwashers by using the search below.
the Label
Using the search criteria will give you only qualified models, while typing a model number will sShow whethar or not a specific model is qualifisd
Save Energy at Home
Find ENERGY STAR gualified Dishwashers:
Join Qur Movement
Size: (All Sizes) ~
Brand: (All Brands) 3
Sort By: Annual Electricity: K\WH/year v
_OR-
Quick Search by model number: All similar model numbers will be found - enter anly the first few digits for best results.
Find Dighwashers
of Efficiencv Terms: Dishwasher efficiency is in kilowatt hours per vear (KWh/vr). aallons per cvcle (oal/cvcle). and Enerav Factor pd]
@ Internet B R L

Figure 5.32: Web Link from the Result Screen

\Documents and Settings\cm student\My Documents!

€IS ‘@ C:\Documents and Settings\cm student|My Documents|_ResearchiToal_Exsysiwark_Exsys|dishwasher. pdf

File Edit GoTo Favorites Help

¢ Favorites ‘gmshwasher‘pdf | ‘ M - B - O & - Page~ Sefety~ Tooks= @~

@ @ @ @ ‘ B ﬁ @ ‘ E Tools Sign Comment
Page Thumbnails «

A

\/9? us. ulﬂﬁwl o | Energy Efficiency &

GY |Renoncbio ey FEDERAL ENERGY MANAGEMENT PROGRAM

Energy Management Legal Authorities
Program (FEMP) facilitates
the Federal Government's

The U.S. Department of i i i
e Residential Dishwashers m
ENERGY STAR

Federal agencies are required by the National Energy Conservation Policy Act
(PL 95.619). Executive Order 13423, and Federal Acquisition Regulations (FAR)

O PR 3 Subpart 232 and 53 223 to specify and buy ENERGY STAR®.qualified products or, in categories
LT EEIEETEE 2 1ot inchuded in the ENERGY STAR program, FEMP-designated products, FEMP-designated

energy management and products are among the highest 25 percent of equivaleat products for energy efficiency.
Investment practices to

enhance the nation's energy
security and environmental
stewardship.

Performance Requirement for Federal Purchases

Dishwasher Type Annual Energy Use* Water Use
Standard® 324 kWhor less 5.8 gallons per cycle or less
Compact* 234 kWhor less ‘ 4.0 gallons per cycle or less

Buying Energy-Efficient Residential Dishwashers

This Specification applics to compact and standard capacity residential dishwashers caly, Com-
‘mercial and flight type products are excluded. When purchasing residential dishwashers, specify
o select models that are ENERGY STAR-qualified, all of which meet the Performance Require-
ments shown above. A list of qualified products is available on the ENERGY STAR Web site. The
Federal supply sources for residential dishwashers are the General Services Administration (GSA)
and the Defense Logistics Agency (DLA). GSA sells resideatial dishwashers throngh its Multiple
Awards Schedule program and caline shopping network, GS4 Advantage! DLA offers them
throngh the Defense Supply Center Philadelphia and online through DLA E-Mall

These requirements apply to all forms of procurements, including: guide and project specifica-
tions: construction, Teovation, repair, energy service, operation and maintenance (O&M) con-
tracts; lease agreements and solicitations for offers. Energy performance requirements should be
included in all evaluations of solicitation responses. Buyers shall insert the standard clavse from
FAR section 52.223-15 info contracts and solicitations that deliver, acquire, furnish, or specify
energy consuming products for use in Federal facilities. Agencies can claim an exception to these
sequirements through a writien finding that no ENERGY STAR-qualified or FEMP-designated
‘product s life cycle cost-effective for a specific icatis (i
Done 4 Unknown Zone: -

wn
[
O
2
(a]
o
14
o
[
4
—
v

Figure 5.33: Additional Document from the Result Screen
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Since the Payback Year value of a windows-type measure, 3.91 years, is larger than the number
of years the user intends to live in the current house, 3 years, 5000000 is subtracted from the
calculated Effective Return value -1286, in order to give less priority to the retrofit measure.

Finally, the Effective Return value of the windows is -5001286, which is the lowest value among

the retrofit measures.

w, CorvidBrowser

Eile

Exsys Corvid Runtime

< Effective Return : -5001286.

Effective Cost: 11663.0
Payback Year : 3.9117237619388754
Before Component : Window (Single-Pane, Clear, Vinyl Frame)
After Component : Window (Triple-Pane, Moderate-Gain LoE, Vinyl Frame, Argon Fill)
NREM Unit Cost: 34.0
Measure Quantity : 350.0

Insulated giazing (IG) also known as double glazing are doubie or tripie giass window s separated

by an alr or other gas filled space o reduce heat transfer across a part of the buiiding enveiope. Glass in

windows Js used to provide light and aliow a view frorm either side to the other side. While the
composition and manufacturing of glass is covered eisewhere, for the purposes of this article, its
Importance to the construction is it ensional stability over a wide termperature range. insulated
Glass Units (IGUs) are manufactured with glass in range of thickness from 3 rm to 10 rmrm or more in
special applications. Laminated or lempered giass may aiso be used as part of the construction. Most
units are manufactured with the sarme thickness of glass used on both panes, but special applications
such as acoustic altenuation or security may require wide ranges of thicknesses to be incorporated in

the same unit

C:\Documents and Settings\cm student\My Documents’_Research\Tool_Exsys\Work_Exsys\Leah_Thesis1.html Exit

Figure 5.34: Effect of Payback Year Information

5.5.3 Remaining Budget
The prioritized measure list of this working example is as follows:
e Initial User Budget: $ 8000

e Age of the House: 100 years old
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Number of Years User Intends to Live in Home: 3 years

st )
1" measure: Dishwasher

Effective Return: $ 9999999

Effective Cost: $ 810

Payback Year: 0.2443

Remaining Budget: 8000 — 810 = $ 7190

2nOI measure: Attic Insulation

Effective Return: $ 302

Effective Cost: $ 2680

Payback Year: 1.0666

Remaining Budget: 7190 — 2680 = $ 4510

rd .
3 " measure: Crawlspace Wall Insulation

Effective Return: $ 79

Effective Cost: $ 3077

Payback Year: 1.0088

Remaining Budget: 4510 — 3077 = $ 1433
th N
4" measure: Lighting

Effective Return: $ 24

Effective Cost: $ 160

Payback Year: 0.0489

Remaining Budget: 1433 — 160 = $ 1273
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th
e 5 measure: Furnace

Effective Return: $ — 339

Effective Cost: $ 1860

Payback Year: 0.6134

Remaining Budget: 1273 — 1860 = $ — 587
th .
e 6 measure: Windows

Effective Return: $ — 5001286

Effective Cost: $ 11663

Payback Year: 3.9117

Remaining Budget: — 587 — 1860 = $ — 12250

This order is decided by the Effective Return values. The Remaining Budget is calculated by
subtracting the cumulative Effective Cost values from the initial user budget, following the
descending order of Effective Return values. Figure 5.35 shows the calculated Remaining
Budget. The negative value of the Remaining Budget means the cost of the total measures is in
excess of the user’s initial budget. The user can decide whether to stop applying the retrofit
measures before the remaining budget becomes negative, or to expand the budget to apply the

next measure, depending on the cost.
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i CorvidBrowser

From the initial User Budget, Remaining Budget is calcifated by deducting

Effective Costin descemnding order of Effective Return values.

The Initial User Budget : $ 2000.0

The Remaining Budget
When the 1st Measure is applied : $ 7190.0 (Cost:§8100)
When the 2nd Measure is applied : $ 4510.0 {Cost: § 2680.0)
When the 3rd Measure is applied : $ 1433.0 (Cost:§3077.0)
When the 4th Measure is applied : $ 1273.0 {Cost:$160.0)
When the 5th Measure is applied : $ -587.0 (Cost:§1860.0)
When the 6th Measure is applied : § -12250.0 (Cost: $11663.0)

Restartl

C:ADocuments and Settingshcm student\My Documentz'_Research'T ool EsspsWiork_ExspshLeah_Thesis html Exit |

Figure 5.35: Calculated Remaining Budget

5.5.4 Result Values Validation

At the end of the system development, the result values must be validated by comparing the
values in the integration model with the raw database sources. In this example, the result is
validated by checking the result of the XPath query using BaseX software, and by comparing the
NREM XML database source code. For example, the Effective Cost of Attic Insulation is 2680,
which is calculated by multiplying the NREM unit cost and measure quantity, and subtracting

the incentive amount [ 2.1 * 1300 — 50 = 2680 ].
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w, CorvidBrowser

Eile

\ Attic
. living | i+ Seal
Attic space 3y space HardFoard
Seal

Seal all edges of rigid
foam insulation

Effective Return : 302.0

Effective Cost : 2680.0
Payback Year : 1.0666284590800728

Befe ompaonent : Attic and Ceiling (R-0 Nofe

After Component : Attic and Ceiling (R-60 Fiberglass)
NREM Unit Cost: 2.1
e Quantity - 1300.0

| = MetaBlock Data Editor

MetaBlock Data Editor
| HVAC  Coolina|E] | Heatina[G] HotWater | Misc. [G] |  Total | Annwal | Incentive  Image |  Link Documentg
1 (11832 101.76 2151.2 145.04 6.4 332026 O 0 efficienthome http: /Awww.€ efficienthom
2 1832 101.76 2151.2 144.53 6.4 33153 1128 dishwasher. i http://www. € dishwasher.
3 |7512 53.68 14288 143.04 6.4 251259 505.08 50 attic.gif ttp: /v attic. pdf
C:\Doc 4 1104 102.8 1888 148.04 6.4 305019 190.44 aWlspace.c http:/fwww.e crawlspace.p
5 |98.24 72.72 1861.6 148.04 6.4 2981.55 1625.04 237 window.gif  http://vwww.€ window. pdf

Figure 5.36: Attic Insulation Result

According to the result screen shown in Figure 5.36, the before-component name of the attic
insulation is “Attic and Ceiling (R-0 None),” the after-component name is “Attic and Ceiling (R-
60 Fiberglass)”; its unit cost is “2.1.” As Figure 5.37 illustrates, when the values are selected by
XPath query, it returns the same unit cost value, which means the integration model works

correctly.
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Il BaseX 6,70\ data

Database Edit View Query Options Help

NoEx et (flrEaEERD 0

1 Hit(s)

[z @O

>)[7]

(T2 A LT LT L T T T LT T T T T T T T T 00 N 1

Editor L =EEE

file* 53 | &b

ofitDbData/thlWebMeasures/webMeasures
eforeComponent = "Attic and Ceiling (R-0 Nonl
" and sAfterComponent = "iAttic and Ceiling (R
Fiberglass)"] / nAverageCost

o | o amm

ST T T W i i

Total Time: 5.5 ms

Text ~[9] QueryInfo I

<nlverageCost xmlns: pel/www. w3 .org/2001/ —
XHMLSchema-instance ; niverageCost> Query: /RetrofitDbData/thlMebMeasures/webMeasures | =
sBeforeComponent = "Attic and Ceiling (R-0 None)" and
sAfterComponent = "Attic and Ceiling (R-60 Fiberglass)"] / <
nAverageCost —
Compiling:
- adding text() step
- adding text() step
- rewriting And expression to predicate(s)
- rewriting fn:boolean(sBeforeComponent/text() = "Attic and Ceiling
(R-0 None)")
- rewriting fn:boolean(sAfterComponent/text() = "Attic and Ceiling (
R-60 Fiberglass)") ||
- applying text index LY
Time Needed: 7.2 ms 13 MB

Figure 5.37: Checking Attic Insulation Unit Cost Using XPath

When the measure component values and the cost value are searched in the NREM XML

database source file, it also shows the same information (see Figure 5.38).
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<gCostUnits>$/ (ft*2 Attic Floor Area)</sCostUnits> g
<gComponentType>Attic and Ceiling</sComponentType>
</webMeasures>
<webMeasures idafterc ="1g" j oreComponentID="6" idActionID="29"
BeforeComponent>Attic and Ceiling (R-0 Nonel3/sBeforeComponent>
<gActionNames hmeEmlate—with—r=a0 Fiberglass </sActionName>
«Ezfigzggi;;nent>Attic and Ceiling (R-60 FibeEéEEEEIEYsAfterComponent>J

<nLowCost>7. 300000e=0I</TThCowCos >

<gCostUnits>5/(ft 2 Attic Floor Area)</sCostUnits>
<sComponentType>Attic and Ceiling</sComponentType>

</webMeasures>

<webMeasures idAfterComponentID="23" idBeforeComponentID="6" idActionID="30"
<gBeforeComponent>aAttic and Ceiling (R-0 None)</sBeforeComponent>
<gActionName>Insulate with R-19 Cellulose</sActionName>
<gAfterComponent>Attic and Ceiling (R-19 Cellulose)</sAfterComponent>
<nLowCost>2.000000e-01</nLowCost>
<nHighCost>9.100000e-01</nHighCost>
<nAverageCost>6.100000e-01</nAverageCost> J

Figure 5.38: Checking Attic Insulation Unit Cost in the NREM XML Source File

5.6 ADDITIONAL EXAMPLE

As mentioned at the beginning of this chapter, BEopt information can only be integrated into this
model manually. Therefore, when the user examines different measure options (see Figure 5.39),
a separate BEopt model needs to be run in order to derive the annual utility bill cost, based on the
changed measure options (see Figure 5.40). Since the use of the “total” annual utility bill cost
information is substantial in the integration model, among the other cost columns in BEopt
output, only the cells under the “total” column need to be copied from the BEopt output Excel
file (see Figure 5.41), and pasted into the “total” column in the Meta Block of the integration
model, in order to apply the changed annual cost (see Figure 5.42). This new BEopt annual
utility bill cost is used to calculate the Effective Return, Effective Cost, and Payback Year values

for this example.
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Figure 5.39: Another Example of User’s Retrofit Measures
-3320 3315 3271
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Figure 5.40: Annual Utility Bill Graph
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) a9 ©

BEopt_MetaBlock.tdt - Microsoft Excel

- =

Home Insert Page Layout Formulas Data Review View @ - 2 X
= * Calibri i - |§ | § General = ,EConditional Farmatting ~ j‘ﬂlnser‘t B x - % [ﬁ
_j Er] |B I U '||A‘ A'l | ] - |$.' Y o | 135 Format as Table ~ 3 Delete ~ E'
= & AL [FEE [ 53] (=5 Cell Styles - 2 Format ~ || 2~ s
Clipboard ™= Foﬁt (Fi Alignment (Fi Mumber M= Styles Cells Editing
| L2 - (> fe | 5352.96
A B c D E F G H 1 J K L i
1 |Name Fixed Cha Misc. (E) VentFan|{Lg. Appl. { Lights (E} HVAC Fan Cooling (EHeating ((Hot Water Misc. (G} Total
2 |1-Unretr 132 345.52 7.44 212.89 218.16 117.84 89.44  5479.6 134.07 3| ©6858.96
3 |2-Dishwe 192 349.52 7.44 212.89 218.16 117.84 89.44  5479.6 184.07 8| ©858.96)
4 |3- Attic&( 132 345.52 7.44 212.89 218.16 84.96 59.44  4127.2 134.07 3| 5443.67)
5 |4-Crawls 192 349.52 7.44 212.89 218.16 113.78 89.2  4986.8 184.07 8] 6361.83
6 |5- windo 132 345.52 7.44 212.89 218.16 109.52 69.28 5286.4 134.07 8] ©6637.27 =
7 |6- Lightin 192 349.52 7.44 212.89 146.96 118.4 87.6 5530 184.07 8] 6836.88
8 |7-Furnac 132 345.52 7.44 212.89 218.16 117.84 89.44 4662 134.07 3| ©041.35
9 |8- withou 192 349.52 7.44 212.89 218.16 16.48 83.12 0 184.07 8| 1271.67,
10 |9- Retrofi 132 345.52 7.44 212.89 146.96 73.36 40.08 3007.2 134.07 8| 4221.51
11 |10 - Retrof 192 349.52 7.44 212.89 146.96 7.52 39.12 0 184.07 8| 1147.51
12
13
14
15
16
4 4+ M| BEopt MetaBlock %3 [ I
Select destination and press ENTER or choose Paste | Average: 5167961 Count: 10  Sum: 5167961 | ERI[E]

- Logic Block

Select Blockto Display:

Logic Block

2_Leah MainLogic

- MetaBlock

MetaBlock File to Use [Tab Delimited 5preadsheet):

Source: IFiIe JURL vl

|MetaBlock_UtilBils bt
Load |

Browsel Edit | Mew |

= MetaBlock Data Editor.

MetaBlock Data Editor

After each Row, Clear Yariable:

Select variable to clear and click “Add"

Variables that will be cleared:

[~ |

Add

_Effective_Cost

Name | Fired | Misc.[E] | VentFan |La Appl [E1] Lights(E] | HVAC | Coclina(E] | Heatina Gl | Het'water
| 1 [1-Urretrofitt 192 262.08 12.72 170.79 165.2 1192 102.56 21688 14804
| 2 |2-Dishwash 192 262.08 12.72 169.27 165.2 1192 102.56 21688 14453
| 3 |3-AtickCel 192 262.08 12.72 170.79 165.2 748 59,12 1408 14804
| 4 |4-Crawkspac192 262.08 12.72 170.79 165.2 111.12 103.2 1904.8 14804
| 5 |5-windows 132 262.08 12.72 170.79 165.2 98.88 7204 1866.4 14804
| & |6-Lighting 192 262.08 12.72 170.79 95.36 119.84 100.54 21904 14804
| 7 |7-Fumace 132 262.08 12.72 170.79 165.2 1192 102.56 1878.4 14804
| 8 |8 withoutF 192 262.08 12.72 170.79 166.2 176 9255 0 143,04
| 9 |9-RetofitsF 192 262.08 12.72 169.27 95.36 4752 272 768 14453
10 |10- RetrofitF 192 262.08 12.72 169.27 95.35 5.84 .44 0 14453
|
~ Hows Col
Walues Used 1147 51
Aod | Add 334779 ~
334282 =
Delete | Delete | ggggég Cancel_|
Move Up | Move Left | |2995.55 =
329,27
fove Down | Move Right | | 3057.33 v oK |

Figure 5.42: Applying the Changed BEopt Information (Total Column)
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5.7 BEOPT CALLING EXAMPLE (SEPARATE MODEL)

In this research, the integration model is “run as applet” in order to use the NREM database.
Exsys Corvid, however, must be “run as application” in order to call the external program, BEopt.
Even though the BEopt calling process and the NREM database integration process cannot be
combined due to their incompatible running environment settings, another working example for
calling BEopt is being developed separately for future research. This example will be useable in

the upcoming version of BEopt. Figure 5.43 demonstrates the setting of Test Run type.

Params T UtherHTMLT Test Run T Applet T Servlet T Database T General

Development Test Runs Using:

Run As
" Applet " Servlet Emulation Select Java.exe
+ Default CORYID window
(" Specific Browser: I Browse
I Specific URL: | Browse
I~ Save CVF filein: | Browse

[~ Do NOT make database or other extemnal calls. Ask instead.

Additional Applets

[~ Add Trace Applet / Enable Trace Help
[v Add Exsys XML Interface Applet GEREE

(1

Figure 5.43: Setting Run as Application

As shown in Figure 5.44, this BEopt calling model uses WRITE, READ commands, which can

be used for the information exchange between Exsys Corvid and BEopt by means of input and
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output files. The most important command is EXTERN, which enables Exsys Corvid to call the

external application, BEopt.

.+ Command Block

Command Block Select Block to Display:
v| _EditName |
X | & I | B | : li | ' | l -’EI Line:
ASK

RITE "LeahTestOut.tst", [BeforeCompon
EXTERN C:\BEopt_1.1.0\BEopt.exe 'WAIT
EAD "LeahTestOut tat"

Figure 5.44: Command Block of BEopt Calling Model

The running process starts by asking a simple question related to the retrofit measure (see Figure
5.45). During the runtime, this BEopt calling model writes a text file about this question and the
answer typed in by the user. The next step is to call BEopt from Exsys Corvid (see Figure 5.46).
According to the procedure defined in the Command Block, BEopt is called automatically; after
closing BEopt, Exsys reads the text file which was created at the beginning of this running
process, and then shows the result on the screen (see Figure 5.47). It can be verified that the text
file is being written as shown in Figure 5.47 by Exsys Corvid during the runtime, which was
empty before running as shown in Figure 5.45. If it becomes feasible for Exsys Corvid to be run
as both an applet and an application at the same time, or to use another method for dealing with
an external XML database and application together, this BEopt calling process can be developed
further. It is also necessary for BEopt to be able to set the input options by reading external files,

or else an alternative function is required.
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C:\Program Files\Java\jre6\bin\java.exe

;orvid Runtime Corvid Uer. 5.3.

= CorvidBrowser

Exsys Corvid Runtime
What's III I ame of your Before Component? ;

ok |

I LeahTestOut.txt - Notepad E|@”Z|‘

C:A\Documents and Settingsicm student\My Documents',_Research\T ool_E xsys\Work_Exsys\Leah_Thesis_BEopt html Exit

Figure 5.45: Command Block of BEopt Calling Model

Z¥ BEopt 1.1 - New Project

Ele Jcreen Case Bun Graphs Reports Tools Help
D EN mgdD@ [ Rur b Tods @ || <
Type: [New Const. v|  analysis: [[D] Desiocn ] Ref Bldg: [1- Design | CostSelection: | Defaut, New Construction =l <
Cases: | [B] Defau Case
Levels Frd | | 1st i | 4 Beds| 3 | Bahe| 2 TolalFinshed | 0 sqit
L Z¥ About BEopt
[ General | Sponsor| Credits | Components | License| Resources|
Erase
Building Energy Optimization
with Hour-by-Hour Simulations
LiNREL
L »
=
National Renewable Energy Laboratory
1617 Cole Boulevard
. Golden, Colorado
Version: 1.1 oy nrel. gow
™ Continue automatically
b
< >
Scale: 1 cell=11ft Front

Figure 5.46: Opening BEopt Application within Exsys Corvid
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B Applet Frame Q@@
-

Do you like this dishwasher? 3)

2 LeahTestOut.txt - Notepad

Eile Edit Format Yiew Help
what's the name of your Before Component? :

Figure 5.47: Result Screen and Output Text File

5.8 CHAPTER SUMMARY

This chapter explained the whole process for integrating the quantitative data sources into the
expert system. Initially, the structure of the integration model is developed by matching the
Exsys Corvid components and the external data sources. Then, the special features and functions
are examined for the integration of each different data source — the NREM database, BEopt, and

additional expert knowledge with text files, images and web links.

After identifying the integration technique for each source, the integration model developing
process is explained. The process is based on the organization of the user interface and the Exsys
Corvid developing components, which are Variables, Logic Blocks, and Command Blocks. The

running process is then described, using an example of a dishwasher and lighting measures.

An additional integration model and BEopt calling model are provided for further consideration,
and are suggested for future research. The entire running process is illustrated in Figure 5.48.
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——— -
- ""'n..

-

User Interface

Q1: Basic Infomation - Energy Simulation
- Budget? - Annual Utility Bill Cost
- Year Built & To Live? - Export Output File
- Immediate Need? N
1 Exsys Corvid Process \
g — A Y """-\
Q2-1: Current \‘ Calculate NREM Cost
]
Measure > Back_w_ard : \f Before C. User
- Before-Component? Chaining : IL After C. Input
- Measure Quantity? 1
e Repeat i \ _ \ _
4 of Measures | : (Average Unit Cost) x (Quantity)
Q2-2: Possible NREM DB i
Improvements - Select Possible ; Meta Block
- After-Comp. List After-Components | - Annual Cost (BEopt)
- Reference Cost List - Cost Lis ,' - Annual Loan, <
L N A ¥ Incentive (DSIRE)
o - B
------------------- TTrTTTTT T Prioritizing Process | ~ Image, Text File, URL
Result - Calculate Effective Return,
- Prioritized List < Effective Cost, Payback Year
- Image, Text, Link - Prioritized List (Ordered by
- Remaining Budget Effective Return)

\ T / - Calculate Remaining Budget

Figure 5.48: Summary of Running Process

174




CHAPTER 6

SUMMARY AND CONCLUSIONS

6.1 OVERVIEW
This chapter provides a summary of this research and presents areas for future research. First, a
summary of the research will be presented. A review of the objectives and achievements of this

research will follow. Finally, areas for potential future research will be explored.

The main goal of this research was to implement an integrated query-based intelligent decision
support system, in which quantitative external data sources were integrated into the decision
support system. To achieve this goal, the Energy Retrofit Decision Process Framework described
in a preceding study was analyzed, together with an examination of the quantitative data sources
available and required technical skills for implementing the working example. Expert system
shell software, a retrofit measure cost database, and energy simulation software were needed for
developing the DSS; Exsys Corvid, the NREM database and BEopt were utilized for

implementing the integration model working example.

Chapter 1 provided the needs, goals, objectives, methodologies, scope and limitations of this
research. In Chapter 2, the background of energy retrofit decision-making, Al, DSS, ES and
some examples were examined. Chapter 3 reviewed the Energy Retrofit Decision Process
Framework and analyzed its working example to computerize the framework and the process.

Chapter 4 scrutinized the quantitative data sources, the NREM database and BEopt, from an
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integrational point-of-view. Finally, Chapter 5 illustrated the development procedure for the

integration model working example.

6.2 SUMMARY OF THE OBJECTIVES

The overall goal of this research is to implement an integrated query-based intelligent decision
support system for existing residential homes. It is being developed to help homeowners,
contractors and other stakeholders acquire appropriate information on energy efficient measures
and retrofitting costs. At the beginning of this thesis, research objectives were demonstrated to
support this overall goal, and this section evaluates the work performed to achieve the research

objectives.

OBJECTIVE 1: To understand the energy retrofit decision process framework
The Energy Retrofit Decision Process Framework was the foundation of the integrated query-
based intelligent decision support system developed in this research. Therefore, Chapter 3
analyzed the framework and its working example before developing the integration model. The
decision process of the framework, cost sources and formula for the prioritization of retrofit
measures were thoroughly explained, and were applied to the computerized integration model
working example. The decision process of the framework and the cost formula of its working
example are summarized as follows:
e Decision Process of the Framework
1) Identify retrofit measures to be improved.
2) Shortlist and prioritize measures based on user needs and retrofit effectiveness, which

is derived from an energy efficiency simulation and quantitative cost data sources.
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3) Provide expert advice on installation with the results of the running process, in the

form of images, text files and web links.

e Cost Formula for Prioritization
Effective Cost = NREM Cost — Incentive Amount
Effective Return = BEopt Annual Energy Savings — Annual Loan Payment
Remaining Budget = Initial user’s budget
— Effective Cost (of Highest Effective Return)
— Effective Cost (of Next Highest Effective Return)
— Effective Cost (of Next Highest Effective Return)

... (Iterate this process until the user’s budget becomes zero)

The original framework (see Figure 3.1) contained the overall working process, and both
qualitative and quantitative information sources. This framework was simplified for the
computerized integration model to focus on quantitative data, as shown in Figure 3.3. The
original framework was also analyzed based on the Corvid structure shown in Figure 5.4, which

demonstrated that, in substance, the framework was well-structured for the integration model.

OBJECTIVE 2: To understand the background of energy retrofit decision-making and the
use of expert knowledge by means of AI/ES/DSS.

Chapter 2 discussed a literature-based study of the background of energy retrofit decision-
making, and an introduction of AI/ES/DSS. The use of expert knowledge by means of

AI/ES/DSS was reviewed.
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The literature review began with an explanation of the need for energy savings in existing
buildings and the barriers to residential energy retrofits. There were some retrofit methods
suggested, with a discussion of governmental policies and energy retrofit programs that support

the energy retrofitting.

Subsequently, Artificial Intelligence (Al), Expert Systems (ES), and Decision Support Systems
(DSS) were introduced as tools that utilize expert knowledge. Following the definition of Al, ES
and DSS, the similarities and differences between ES and DSS were explored. The components
of ES and DSS were then demonstrated. The uses of database and simulation software in ES

were also studied to acquire information on integrated expert systems.

In addition, the application of ES and DSS in the construction management field and in energy
retrofits was examined. The uses of ES in construction management, such as estimating,
scheduling, site planning, and so forth, were introduced, and the uses of DSS in energy retrofits
were explored. Then, the components and structures of some existing DSSs and ESs were
demonstrated, as references for the integration model in this research. The National Renewable
Energy Laboratory’s (NREL) methodology for accessing and improving the accuracy of the

energy analysis for residential buildings was also explained.

OBJECTIVE 3: To identify and explain various aspects of quantitative information
Measure cost information, energy simulation software and published expert knowledge were
integrated into the query-based intelligent decision support system, and each quantitative data

source was explored before implementing the integration model in Chapter 4.
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3a. The first data source for objective 3 is the NREM database, for the acquisition of the
cost-related information on energy retrofits.
The National Residential Efficiency Measures (NREM) database was the main source of cost
information for the integration model. First, the structure and basic objects of the database were
analyzed:

e Database Structure: Group > Category > Component Type > Component

e Database Objects: Measures, Components, Properties, Actions, Costs, and References.
Data configuration, measure construction, overview of actions and cost sources were then
explained. Since the NREM database was developed using XML, the basic concept of XML,
XSD and XPath were also explored, to assist in the analysis of the various aspects of the NREM
XML database. In addition, software applications used for implementing the integration model

were introduced.

3b. The second data source is BEopt energy simulation software for prioritizing the retrofit
measures initially selected, based on homeowners’ need.

Building Energy Optimization (BEopt) was utilized to simulate the energy efficiency of the
upgraded retrofit measures; it provided the annualized utility cost information. At the beginning
of the BEopt introduction, the concept of Zero Net Energy Homes was explained to convey the
general idea of BEopt. Afterward, the BEopt running process, input option settings, energy
simulation output information, and report creation methods were demonstrated. Since both the
NREM database and BEopt were developed by the National Renewable Energy Laboratory
(NREL), and share the same cost information sources to some degree, the cost information

sources for BEopt were also demonstrated.
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3c. The third source is published text, figures and pictures, to provide various explanations
and installation advice for the selected measures.

The published reports, mainly produced by governmental programs and Building America
projects, were explored. The report files, images and web links usually provide system users with
expert knowledge and advice on the selected measures. They were illustrated on the result screen

of the integration model.

OBJECTIVE 4: To integrate various aspects of quantitative information with expert
knowledge.

Chapter 5 illustrated the whole process of system integration. First, the structure of the expert
system shell software, Exsys Corvid, was analyzed. The Energy Retrofit Decision Process
Framework was re-organized based on the structural components of Exsys Corvid. Then, each of
the quantitative data sources was analyzed, and combined with the components and information

flow of Exsys Corvid, from an integrational point-of-view.

The next step was to implement the integration model working example. The procedure was
demonstrated with the following sequence:

e Organization of questions

e Composition of answer lists

e Arrangement of output results

e Setting variables

e Building logic blocks

e Building command blocks

180



The running process of the integration model working example was illustrated with two
examples. The working example began with queries about basic information, such as the user’s
budget and immediate needs, and moved on to questions about the selected retrofit measures. On
the result screen, the integration model provided the prioritized measures with their cost
information, expert knowledge, and the remaining budget. Another Corvid working example

related to calling BEopt was introduced for future research.

6.3 CONCLUDING OBSERVATIONS AND LIMITATIONS
In this research, the integration model was implemented by integrating the quantitative data
sources into the decision support system. The components of this integration model were:

e Decision support system shell: Exsys Corvid software

o Database: NREM database

e Energy simulation: BEopt software

e Expert knowledge: Text files, images and web links

This integration model suggested the holistic function of a residential energy retrofit system for
existing homes, by providing a prioritized list of retrofit measures with cost information, energy
simulation and expert advice. The users, such as homeowners and energy auditors, can acquire

all of the necessary retrofit information in this unified system without having to explore several

separate systems.

The integration model plays the role of a prototype for the finalized intelligent decision support

system. Although this model handled a limited number of retrofit measures, it implemented all of
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the necessary functions for the finalized DSS, including integration of the database, energy

simulation and expert knowledge.

Some limitations were recognized while developing the integration model. First, the information
in the cost database and the energy simulation are not fully compatible. At the beginning of this
research, several energy simulation software applications were examined, and BEopt was
selected because the retrofit measure components were relatively similar to the ones in the
NREM database. Although both the NREM database and BEopt were developed by the NREL,
the structures and expressions of the retrofit measures and the measure components are quite
different from each other. It was very challenging to match their different measure components
under one retrofit measure, such as lighting, as explained in Chapter 5. It was suggested that, in
order to be completely integrated, both a fully compatible retrofit measure cost database and

energy simulation software using the same measure components be developed.

Second, the unified standard cost database does not contain enough measure information. The
development of a national standard cost database is in the beginning step, and the sources of the
cost information were fairly limited, and the number of each measure was skewed. In order to
provide more reliable cost data sources, the NREM database should collect more comprehensive
cost information. RS Means data can be a model, although the characteristics of the data are
different. Moreover, the updated NREM database should be applied to the energy simulation

software for the synthetic use of retrofit information.
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Third, the integration model does not automatically reflect updates to the NREM database. This
integration model is a stand-alone application that is not directly connected to the NREM XML
database on the Web. Thus, when the NREL updates the NREM database, the newer version of
the XML files need to be manually retrieved for the model. To improve this issue, a way to link

the integration model to the up-to-date NREM database should be also considered.

Finally, the existing published information is scattered, making it difficult to select the best
augmenting information. If the existing reports and visualized information were compiled in a
specific database, based on the types of retrofit measures and the components of the NREM

database, then users and researchers would be able to utilize them more easily.

6.4 PLANS FOR FUTURE RESEARCH

This integration model is a prototype of a fully functional intelligent decision support system that
will be developed in the near future. This research was completed in the middle part of a larger
research task, and connects the preceding and subsequent research. The plans for future research
are as follows:

e Overcoming the limitations of BEopt: Though the current version of BEopt has a
limitation in reading information from external files and setting them as input options,
similar tasks will be available in the next version upgrade, which BEopt plans to release
in the summer of 2012.

e Overcoming the limitations of Exsys Corvid: External XML databases and applications

cannot currently be utilized at the same time. This limitation will be improved when

183



Exsys releases the next version of its Corvid software, and BEopt will be able to be
integrated into the DSS automatically, rather than manually.

e Eliciting the actual expert knowledge: Following the application of the results of other
tasks, the system will begin to elicit actual knowledge from experts. This knowledge will
form the knowledge base of the finalized DSS.

e Developing the finalized decision support system: A fully functional intelligent DSS
will be developed based on this prototype, the results of other tasks, and the knowledge
base. Both quantitative and qualitative data will be integrated into the finalized DSS. It
will be released on the web, after training, education, and demonstrations of the system

are completed.

6.5 CHAPTER SUMMARY

This chapter summarized the overall process and achievements of this research for implementing
the integration model. The main goal and objectives were reviewed, and their achievements were
summarized. Then, the conclusion and role of the integration model were examined, and the
limitations and suggestions for system integration were demonstrated. Finally, the list of relevant

future research was outlined.
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APPENDICES 1

Integration Model Working Example Full Process
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Figure Appendix 1.1: Main Example — Queries

=, CorvidBrowser

Exsys Corvid Runtime

How much is youf budget? )$)
8000 |

How many years ago was yoyears)

[100 |

How long do yod plan to live at your current home? (years)

E |
What is you

& Dishwasher

" Aftic Insulation

" Crawlspace Insulation
 Windows

" Lighting

¢ Fumace

C:\Documents and Settings\cm student\My Documents'\_Research\Tool_Exsys\Work_Exsys\Leah_Thesis1.html

=, CorvidBrowser
File
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" Energy Star
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"

_ok |

Exsys Corvid Runtime
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Back
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€

C:ADocuments and Settings\cm student\My Documents'_Research\Tool_Exsys\Wwork_Exsys\Leah_Thesis1.html

Exit
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Figure Appendix 1.1 (cont’d).

File

Exsys Corvid Runtime

Select one from the recommended dishwasher list:
@ - Dishwasher (Compact, 214 Annual Kwh)
" Dishwasher (Compact, 222 Annual Kwh)
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Figure Appendix 1.1 (cont’d).
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Figure Appendix 1.1 (cont’d).
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Figure Appendix 1.1 (cont’d).
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Exsys
M

C:ADocuments and Settings\cm student'My Documentsh_Research\Tool_Exsys\Work_Exsys\Leah_Thesis1.html Exit

=, CorvidBrowser EJ@[Z]

File

Exsys Corvid Runtime

Select one from the recommended crawlspace insulation list :
" Crawlspace Wall (R-11 Batt)

" Crawlspace Wall (R-13 Batt)

" Crawlspace Wall (R-19 Batt)

 Crawlspace Wall (R-5 Continuous)

-

Crawlspac -10 Continuous)
& - Crawlspace Wall {(R-15 Continuous)

ordered by the list above)

8.000000e-01
8.600000e-01
9.100000e-01

1.300000e+00
1.900000e+00 ™

Click = Link to the NREM web page (detail cost information)

OK
Restart I

v

53
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Figure Appendix 1.1 (cont’d).

National Residential Efficiency Measures Database - Retrofit Measures for Crawlspace Wall

Windows Internet Explorer

[ [ 0
ey [Eh rrel.gov/ R L g v| B 4| x| 23 P~
File Edt View Favorites Tools Help
/¢ Favorites | @ NREL: National Residential Efficiency Measures Datab... M- B U @ - Page~ Sefety- Took~ @

National Residential Efficiency Measures Database

+INREL

4 Retrofits Home
About the Database
All Measures
Appliances
Domestic Hot Water
Enclosure
-Air Sealing
-Attic and Ceiling
-Basement Wall
~Bsmt Wall Vapor Barrier
~Crawl Floor Vapor Barrier
-Crawlspace Ventilation
~Crawlspace wall
-Doors (Entry)
~Floor Above Crawlspace
~Floor Above Uncond Bsmt
~Floor Above Uncond Garage
-Roof Material
-Roof Sheathing
~Siding
-Skylight
-Slab Edge
-Wall Sheathing
Window
Woed Stud Wall
HVAC
Lighting
Miscellaneous

Application Developer
Tools

Change Log

Retrofit Measures

Submit Questions/Comments

er Crawlspace Wall
Here you will find the data for Trispace-L g available in the National Residential Efficiency Measures

Database. Each measure consists of a before-component,

implement the measure.

Filter on Before-Component:

IAII Components VI

Viewing 6 Crawlspace Wall Measure(s) of 6

Insulate with R-10 Continuous:

Cr: e Wall (Uni )

Cra e Wall (R-10 Continuous)

Properties:

o Lifetime: 999 Years

« Nominal Batt Insulation R-
value: 0 h-ft"2-R/Btu
Nominal Continuous Insulation
R-value: 0 h-ft~2-R/Btu

Properties:
o Lifetime: 999 Years
* Nominal Batt Insulation R-
value: 0 h-ft~2-R/Btu
* Nominal Continuous Insulation
R-value: 10 h-ft~2-R/Btu

e 3
Meets IECC 2009 (14, 1B, 1C,
24, 2B, 2C)

Insulate with R-11 Batt:

Crawl: e Wall (Uninsulated)

e s:

e Exceeds IECC 2009 (14, 1B, 1C,
24, 2B, 2C, 3A, 3B, 3C

e Meets IECC 2009 (4A, 4B, 4C,
5A, 5B, 5C, 6A, 6B, 6C, 7, 8)

Properties:

Lifetime: 999 Years

Nominal Batt Insulation R-
value: 0 h-ft~2-R/Btu

Nominal Continuous Insulation

Cr e Wall (R-11 Batt)
Properties:
o Lifetime: 999 Years
« Nominal Batt Insulation R-
value: 11 h-ft~2-R/Btu
* Nominal Continuous Insulation

R-value: 0 h-ft~2-R/Btu R-value: 0 h-ft~2-R/Btu

Data Dictionary

an after-component, and the estimated cost to

Measure Cost
Total:
e Range: 1.6 - 2.2 $/(ft~2
Crawlspace Wall Area)
e Average: 1.9 s/(ft~2
Crawlspace Wall Area)

Measure Cost
Total:
e Range: 0.46 - 1.3 $/(ft*2
Crawlspace Wall Area)
e Average: 0.8 $/(ft"2
Crawlspace Wall Area)

@ Internet v ®i00% -

Exsys Corvid Runtime

[ Selected Measure 4]

What is thg WINDOW type of your home?

&+ Single pane
" Double clear

" Low-e

What is the sizeYof your window area? (sf.)

ok |

BX

Restart
Back

Exsys

|

C:ADocuments and Settingshcm student\My Documents’_Research\Tool_Exsys\Work_Exsys\Leah_Thesis1.html
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Figure Appendix 1.1 (cont’d).

= CorvidBrowser
File

Select one from the recommended window type list: s

"~ Window (Single-Pane, Clear, Vinyl Frame)

" Window (Single-Pane, Clear, Wood Frame)

Window (Single-Pane, Tinted, Vinyl Frame)

Window (Single-Pane, Tinted, Wood Frame)

Window (Double-Pane, Clear, Aluminum Frame)

Window (Double-Pane, Tinted, Aluminum Frame) —
Window (Double-Pane, Low-Gain LoE, Aluminum Frame)

Window (Double-Pane, Clear, Insulated Aluminum Frame)

Window (Double-Pane, Tinted, Insulated Aluminum Frame)

Window (Double-Pane, Clear, Vinyl Frame)

Window (Double-Pane, Clear, Wood Frame)

Window (Double-Pane, Tinted, Vinyl Frame)

Window (Double-Pane, Tinted, Wood Frame)

Window (Double-Pane, High-Gain LoE, Insulated Aluminum Frame, Argon Fill)
Window (Double-Pane, Low-Gain LoE, Insulated Aluminum Frame)

Window (Double-Pane, High-Gain LoE, Wood Frame)

S e e e The e The TEe TEe e TS TS TS TS

C:\Documents and Settings\cm student\My Documentst,_Research\Tool_Exsys\Work_Exsysi\Leah_Thesis1.html Exit

= CorvidBrowser
File

Exsys Corvid Runtime

" Window (Double-Pane, Low-Gain LoE, Wood Frame, Argon Fill)

@ (Triple-Pane, Moderate-Gain LoE, Vinyl Frame, Argon Fill)

Window (Triple-Pane, Moderate-Gain LoE, Wood Frame, Argon Fill)

Window (Single-Pane, Reflective, Vinyl Frame)
Window (Single-Pane, Reflective, Wood Frame)
Window (Double-Pane, Reflective, Aluminum Frame)
Window (Double-Pane, Reflective, Vinyl Frame)
Window (Double-Pane, Reflective, Wood Frame)
Window (Triple-Pane, Super LoE, Aluminum Frame)
Window (Triple-Pane, Super LoE, Vinyl Frame)
Window (Triple-Pane, Super LoE, Wood Frame)

Unit Cost Reference

2.100000e+01 A
2.100000e+01
2.100000e+01
2.100000e+01
2.400000e+01

YYD YY YYD

ordered by the list above)

Click = Link to the NREM web page (detail cost information) |

C:\Documents and Settings\cm student'\My Documents\_Research\Tool_Exzsys\Work_Exsys\Leah_Thesis1 html Exit
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Figure Appendix 1.1 (cont’d).

/= NREL: National Residential Efficiency Measures Database - Retrofit Measures for Window - Windows Internet Explorer

NG o |

(SIS0 rrel.gov d[4l[x] [53

Fle Edt View Favorites Tools Help

¢ Favorites | ) NREL: National Residential Efficiency Measures Datab... M v B 0 @ v page- Safetyv Todse @-

National Residential Efficiency Measures Database

~
LINREL 1
“« B -
Submit Questions/Comments

Retrofit Measures fo
Here you will find the data for Wirlthe gSures available in the National Residential Efficiency Measures Database.

Each measure consists of a before-component, an after-component, and the estimated cost to implement the
measure.

Filter on Before-Component:

VAII Components

Viewing 713 Window Measure(s) of 713
Replace Window:

Window (Double-Pane, Clear,
Aluminum Frame)

Performance Standards:

Exceeds IECC 2009 (1C)

Replace Window:

Window (Double-Pane, Clear,
Aluminum Frame)

Window (Double-Pane, Clear,
Aluminum Frame)

Properties: Properties: e Range: 18 - 31 $/(ft~2 Window
* Frame Material: Aluminum o Frame Material: Aluminum Area
e Gas Fill: Air o Gas Fill: Air e Average: 24 $/(ft~2 Window
e Glazing Type: Clear e Glazing Type: Clear Area)
o Lifetime: 30 Years o Lifetime: 30 Years
e Panes: 2 * Panes: 2
e SHGC: 0.67 * SHGC: 0.67
e U-Value: 0.81 Btu/h-R-ft~2 e U-Value: 0.81 Btu/h-R-ft~2

Performance Standards:
e Exceeds IECC 2009 (1C)

Window (Double-Pane, Clear,
Insulated Aluminum Frame)

Measure Cost
Total:

Measure Cost

Total:
Properties: Properties: e Range: 20 - 32 $/(ft~2 Window
e Frame Material: Aluminum e Frame Material: Insulated Area)
e Gas Fill: Air Aluminum e Average: 25 $/(ft~2 Window
e Glazing Type: Clear e Gas Fill: Air Area)
o Lifetime: 30 Years * Glazing Type: Clear
e Panes: 2 o Lifetime: 30 Years ™
waiting for nrel d: 0 & Internet 43 v R100% -

= CorvidBrowser
File

LB

Restart I

raai |
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Figure Appendix 1.1 (cont’d).

Exsys Co Runtime

Select one from the recommended lighting list :
" Light Bulb {(100W Incandescent, Dimmable)
" Light Bulb -dimmable)
" Light Bulb {26\ CFL, Non-dimmable)
" Light Bulb (27w CFL, Non-dimmable)

" Light Bulb (23w CFL, Dimmable)
" Light Bulb (26W CFL, Dimmable)

Unit Cost Reference

2.400000e+00 A
5.700000e+00
6.800000e+00
5.500000e+00
1.000000e+01 v

ordered by the list above)

Click = Link to the NREM web page (detail cost information)

_ox |

C:\Documents and Settingscm student\My Documents’\_Research\T ool_Exsys\Wwork_Exsys\Leah_Thesis1.html

/= NREL: National Residential Efficiency Measures Database - Retrofit Measures for Light Bulb - Windows Internet Explorer

—
Ge- @ rwel.gov/oo/ 14 v (B][4](x] 33 |
File Edit View Favorites Tools Help

»

¢ Favorites ’ﬁMREL:N&WRMdEFHdemyMeaMD&ab...‘ R0 “ v Pagev Safety v Tooks~ @~

National Residential Efficiency Measures Database :: NRE L

4 Retrofits Home -4

About the Database Submit Questions/Comments
All Measures Retrofit Measures fQr Light Bulb
Here you will find the data for Li measures available in the National Residential Efficiency Measures

Appliances

Database. Each measure consists of a before-component, an after-component, and the estimated cost to

Domestic Hot Water :
implement the measure.

Enclosure
ves Filter on Before-Component:
Lighting
All Components v
Flood Light = 5 = |
~Light Bulb Viewing 35 Light Bulb Measure(s) of 35

-Lighting Centrol &
Torchiete Replace Light Bulb:
Miscellaneous ” 2

Light Bulb (100W Incandescent, 3- Light Bulb (100W Incandescent, 3- Measure Cost

?Dv:icaﬁnn Developer way - 50/100/150) way - 50/100/150) Total:
o Properties: Properties: e Range:2.9-58%
Change Log « Function: 3-way - 50/100/150 « Function: 3-way - 50/100/150 * Average: 4.2 $
Data Dictionary e Lamp Type: Incandescent e Lamp Type: Incandescent
o Lifetime: 800 h o Lifetime: 800 h
XML File Download o Luminous Efficacy: 16 Im/W e Luminous Efficacy: 16 Im/W
Glossary e Wattage: 100 W e Wattage: 100 W
Help
Submit Comments
Submit Data Replace Light Bulb:
Light Bulb (100W Incandescent, 3- Light Bulb (20W CFL, 3-way - Measure Cost
way - 50/100/150) 13/20/25) Total:
Properties: Properties: e Range: 9.7-15%
e Function: 3-way - 50/100/150 e Function: 3-way - 13/20/25 e Average: 13§
¢ Lamp Type: Incandescent o Lamp Type: CFL
o Lifetime: 800 h o Lifetime: 8300 h
o Luminous Efficacy: 16 Im/W * Luminous Efficacy: 65 Im/W
e Wattage: 100 W o Wattage: 20 W

Performance Standards:
e Exceeds Energy Star 2008

@ Internet %~ %R0 -
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Figure Appendix 1.1 (cont’d).

= CorvidBrowser 9(=)(E3]

Eile

Exsys Corvid Runtime

[ Selected Measure 6 ]

What is the fue
FURNACE?

pe and AFUE (Annual Fuel Utilization Efficiency) of your

Gas, 92%

0il, 78%
0il, 95%
Propane, 78%

o
c
«
«
" Propane, 94%

What is the sizeof your furnace? (kBtu’h)

oK
Restart| o

<

C:\Documents and Settings\cm student\My Documents's_Research\Tool_Exsys\Work_Exsys\Leah_Thesis1.html Exit

~. CorvidBrowser 9[=1c3]

Exsys Corvid Runtime

Select one from the recommended furnace type list:
" Furnace (Gas, 78% AFUE)
" Furnace (Gas, 80% AFUE)
" Furnace (Gas, 82% AFUE)
" Furnace (Gas, 90% AFUE)
* * Furnace (Gas, 92% AFUE)
" Furnace {(Gas, 94% AFUE)
" Furnace (Gas, 96% AFUE)

Unit Cost Reference fordered by the list above)

1.300000e+0 - N R R . .
1.600000e+01 Click = Link to the NREM web page (detail cost information)

1.8900000e+01
3.000000e+01
3.300000e+01 ™

ok |

Restat| ¥ 3

C:A\Documents and Settings\cm student\My Documents'\_Research\T ool _Exsys\Work_Exsys\Leah_Thesis1.html Exit
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Figure Appendix 1.1 (cont’d).

ational Residential Efficiency Measures Database - Retrofit Measures for Furnace - Windows Internet

—— =
G- & nrel.gov/=p/rets 1d=24 | (B [42]| %
File Edt Yiew Favorites Tools Help
S Favorites | @ NREL: National Residential Efficiency Measures Datab...

I e - Page~ Safety v Toos~ (@~

4 Retrofits Home
About the Database Submit Question: mment:
All Measures Retrofit Measures f

Appliances Here you will find the data for FuTme Ores available in the National Residential Efficiency Measures Database.

Each measure consists of a before-component, an after-component, and the estimated cost to implement the

National Residential Efficiency Measures Database

Domestic Hot Water

measure.

Enclosure

A .
4 IC Filter on Before-Component:
Boile ]

e [ Al Components v
Central Air Conditioner —_ !
—Direct Hentor Viewing 173 Furnace Measure(s) of 173

-Duct Insulation
Install Furnace:

~Duct Sealing
Electric Baseboard S
== Furnace (None) Furnace (Electric, 98% AFUE) Measure Cost
HHnace Properties: Total:
~Heat Pump (Central) e AFUE: 98 % i e Range: 5.6 - 7.9 $/kBtu/h
ReomAlF Coriditionsr » Fuel Type: Electric e Average: 6.7 $/kBtu/h
o Lifetime: 20 Years
~Thermostat
Lighting

Miscellaneous
Install Furnace:
Application Developer

Tools
Change Log Furnace (None) Furnace (Gas, 78% AFUE) Measure Cost
Properties: Total:
Dita Dictionary o AFUE: 78 % o Range: 5.3 - 28 $/kBtu/h
XML File Download * Fuel Type: Gas e Average: 11 $/kBtu/h
Glossary o Lifetime: 20 Years
heln Performance Standards:
Submit Comments o Meets Federal Standard 1992
Submit Data

Install Furnace:

Furnace (None) Furnace (Gas, 80% AFUE) Measure Cost

@ Internet 3 v ®100% <
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Figure Appendix 1.2: Main Example — Results

=, CorvidBrowser

Exsys Corvid Runtime

[ Prioritized Retrofit Measure List]

Effective Cost = (NREM Unit Cost x Measure Quantity) - Incentive Amount

Effective Return = Annual Energy Savings - Annual Loan Payment

Payback Years = Effective Cost / Measure Applied Utility Bills

Annual Energy Savings [BEopt Result] = Unretrofitted Utility Bills - Measure Applied Utility Bills
Annual Loan Payment, Incentive Amount [Cost information from DSIRE]

....... -- Overrides of Effective Return values

1. When the measure Js selected as user's immediate need, the given Effective Return Value (9999999)
overrides the calculated Effective Return \/alue in order to give it the first priority.

2. When the payback year of the selected measure Is longer than the user's intended years to live,
5000000 Is sublracted from the calculated Effective Return to give it less prionty.

< DISHWASHER >

| o T

C:\Documents and Settings\cm student\My Documents'_Research\Tool_Exsys\Work_Exsys\Leah_Thesis1.html Exit

= CorvidBrowser Q@

File

< DISHWASHER >

Click = Link to the related web page

Effective Return : 9999999.0

Effective Cost: 810.0

Payback Year : 0.24432178083431363

Befare Component : Dishwasher (Compact, 260 Annual Kivh)
After Component : Dishwasher (Compact, 214 Annual Kéh)
NREM Unit Cost: 810.0

Measure Quantity: 1.0

Energy Star Js an international standard for energy efficient conswmer products oniginated in the United

€
€

C:\Documents and Settings\cm student\My Documents’_Research\Tool_Exsps\Work_Exsys\Leah_Thesis1.html Exit
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Figure Appendix 1.2 (cont’d).

= CorvidBrowser

Effective Return : 9999999.0

Effective Cost: 810.0

Payback Year : 0.24432178083431363

Befare Component : Dishwasher (Compact, 260 Annual KWh)

After Component : Dishwasher (Compact, 214 Annual kKwh)

NREM Unit Cost: 810.0

Measure Quantity : 1.0

Energy Star is an international standard for energy efficient consumer procucts originated in the United
States of Amenica. it was created in 1992 by the Environmental Protection Agency and the Department
of Energy duning the Ciinton Administration.Since then, Australia, Canada, Japan, New Zealand, Taiwan

and the Ewropean Union have

adopted the program. Devices

carrying rqy Star service mark,

such as computer products and peripherals, Kitchen

ances, bulidings and other products, generally

use 20%~30% less energy than required by federal standards.

More Information Click = Provide the related document

EEX

C:ADocuments and Settings\cm student\My Documents\_Research\T ool_Exsys\Work_Exsps\Leah_Thesis1.html

1 energystar.gov/ e chmifu rch_dis v

\CAS i
File Edt View Favortes Tools Help

Dishwasher — Web Link information

About ENERGY STAR - Faas - WiID3 -

PRODI HOME IMPROVEMENT

News Room *

NEW HOMES BUILDINGS & PLANTS

U.S. ENVIRONMENTAL PROTECTION AGENCY

PARTNER RESOURCES

Join Our Movement

Home > Products > Dishwashers > Find Dishwashers

Products
preenerevsi  Find ENERGY STAR Qualified Dishwashers
rodus
How a Product Eamns You can find ENERGY STAR qualified dishwashers by using the search below.
the Label
Using the search criteria will give you only qualified models, while typing a model number will show whether or not a specific model is qualified.
Save Energy at Home

Find ENERGY STAR qualified Dishwashers:

Size: (All Sizes) ¥

Brand: [allBrands) ™|

Sort By: Annual Electricity: K\WH/year v
-OR-

Quick Search by model number: All similar model numbers will be found - enter only the first few digits for best results.

Model Number: l

Find Dishwashers

Definitions of Efficiencv Terms: Dishwasher efficiency is measured in kilowatt hours per vear (kWhhr). aallons per cvcle (aal/cvele). and Enerav Factor

@ Internet o v R100%

v
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Figure Appendix 1.2 (cont’d).

C:\Documents and Settings\cm student\My Documents' xsys\dishwasher.pd - Windows Internet Explorer
9y T cipocuments and Settingslcm studentipty Documents), ResearchiTool_ExsystWork_Exsys\dshwasher.pof vl 4| x I
File Edt GoTo Favorites Help
g Favorites | @ dishwasher.pdf o Y gm v Pagev Sofety~ Took~ @+
| B ‘ 2 £ B | Tools = Sign = Comment
~
us.oeraxruent or | Eneroy Efficiency &
RGY | ronssablo tnony FEDERAL ENERGY MANAGEMENT PROGRAM
The US. Department of Residential Dishwashers =
Energy’s (DOE) Federal *
Energy Management Legal Authorities
Program (FEMP) facilitates Federal agencies are required by the National Energy Conservation Policy Act
2 7 ENERGY STAR
the Federal Govemment's (PL. 95-619), Executive Order 13423, and Federal Acquisition Regulations (FAR)
EIpSTEEaion 0f Subpart 23.2 and 53.223 to specify and buy ENERGY STAR®-qualified products or, in categories
sound, cost-effective st included in the ENERGY STAR program, FEMP-designated products. FEMP-designated
energy management and products are among the highest 25 percent of equivalent products for energy efficiency.
Investment practices to
enhance the nation’s energy
i el e ment for Federal Purchases
stewardship. Annual Energy Use* Water Use
Standard® 324 kWh or less 5.8 gallons per cycle or less
Compact 234 kWh or less 4.0 gallons per cycle or less
= Buying Energy-Efficient Residential Dishwashers
H _ This Specification applies to compact and standard capacity residential dishwashers only. Com-
| Dishwasher — Document L mercial and flight type products are excluded. When purchasing residential dishwashers, specify
: or select models that are ENERGY STAR-qualified, all of which meet the Performance Require-
Q ments shown above. A list of qualified products is available on the ENERGY STAR Web site. The
Federal supply sources for residential dishwashers are the General Services Administration (GSA)
o and the Defense Logistics Agency (DLA). GSA sells residential dishwashers through its Multiple
m Awards Schedule program and online shopping network, GSA Advantage! DLA offers them
through the Defense Supply Center Philadelphia and online through DLA E-Mall
o These requirements apply to all forms of procurements, including: guide and project specifica-
h tions; construction, renovation, repair, energy service, operation and maintenance (O&M) con-
tracts; lease and ions for offers. Energy should be
z included in all evaluations of solicitation responses. Buyers shall insert the standasd clause from
m FAR section 52.223-15 into contracts and solicitations that deliver, acquire, furnish, or specify
= energy consuming products for use in Federal facilities. Agencies can claim an exception to these
%) requirements through a written finding that no ENERGY STAR-qualified or FEMP-designated
Dot product is life cycle cost-effective for a specific v
Done 4 Unknown Zone Q-

rvidBrowser

File

Exsys Corvid Runtime

<ATTIC INSULATION >

ATTIC KNEE WALL

Click = Link to the related web page

Seal all edges of rigid
foam insulation,

C:ADocuments and Settings\em student'\My Documents\_Research\Tool_Exsys\Work_Exsys\Leah_Thesis1.html
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Figure Appendix 1.2 (cont’d).

= CorvidBrowser
File

Exsys Corvid Runtime

Seal all edges of rigid
foam insulation

Effective Return : 302.0

Effective Cost: 2680.0

Payback Year : 1.0666284590800728

Before Component : Aftic and Ceiling (R-0 None)
After Component : Attic and Ceiling (R-60 Fiberglass)
MNREM Unit Cost: 2.1

Measure Quantity . 1300.0

uction or retrofit of |

C:\Documents and Settings\cm student\My Documents_Research\Tool_Exsys\Work_Exsys\Leah_Thesis1 html

(= Energy Savers: Attic Insulation - Windows Internet Explorer
23 & energysavers.govi

fle Edt View Favortes Tooks Help

i Favorites | @ Energy Savers: Attic Insulation

vs or EERE Home | Programs & Offices | Consumer Inft
us oemaxruentor | Energy Efficiency & EERE 0 ces | m

Y | Renewable Energy
k information

Search Energy Savers

Energy Savers I S
Search Help b
RENEWABLE YOUR YOUR REBATES, TAXCREDITS,  PRODUCTS & INFORMATION
ENERGY VEHICLE WORKPLACE & FINANCING SERVICES RESOURCES
EERE » Enerqy Savers » Your Home [ £] [+ BT
Apartments Attic Insulation LEARN MORE
8 Properly and air sealing your attic will help reduce your energy bills. Attics Financing & Incentives
Designing & Remodeling are often one of the easiest places in a house to insulate, especially if you'd like to Find Federal Tax Credits for Energy Efficiency»
add insulation Energy Savers
Electricity
Energy Assessments Before insulating or deciding whether to add insulation to your attic, first see our Professional Services
about adding insulation to an existing house or selecting for new » . _——
Insulation & Alr Sealing home construction if you haven' already B AsGetion ot mercs
Air Sealing
Warning: if you think you have vermiculite insulation in your attic, there's a chance it gz::‘a;lnr(n;;tr::!'E::Eg}:yaResources
Insulaton could contain asbestos. Don' disturb it. Only insulation contractors certified to handle O3k Rida
- How Rt Works and remove asbestos should deal with vermiculite insulation
Existing H A A " State & Local Resources
“Exlsting Homes Attic Insulation Techniques Literature Review of the Impact and Need for Attic
- New H " entilation in Florida Ho =
New Homs Coasirticto Loosefill or batt insulation is typically installed in an attic. Although costs Flo md; Solar Ene;; Center
- Where to Insulate may vary, loose-fill is usually less to install than batt insulat ~
~Tves When installed properly. loose-fill insulation also usually provides better coverage Related Links
i Convective Loss in Loose-Fill Attic Insulation »
WMoisture Control Before installing any type of insulation in your attic, follow these steps Home Energy Magazit
Vi Aftic Insulation R-Values - Who's Fiuffing»
Ventiiation « Seal all attic-to-home air leaks. Most insulation does not stop aiflow. Home Energy Magazine
Land:
e + Duct exhaust fans to the outside. Use a tightly constructed box to cover fan
Lighting & Daylighting housing on attic side. Seal around the duct where it exits the box. Seal the READING LIST
Space Heating & Cooling perimeter of the box to the drywall on attic side. Related Publications »
Water Heating « Cover openings—such as dropped ceilings, soffits, and bulkheads—into attic
Windows, Doors & area with plywood and seal to the attic side of the ceiling FEATURES
Skylights
« Seal around chimney and framing with a high-temperature caulk or furnace Find Appliance Rebates in Your ~
Done & € Internet v R100% -
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Figure Appendix 1.2 (cont’d).

{2 C:\Documents and Settings\cm student\My Documents)_Research\Tool_Exsys\Work_Exsys\attic. pdf - Windows Internet Explorer

ResearchiTool X ic.pof o [42] | x |2l
- B - 0 v Page~ Sofety~ Tooks~ @~
Tools | Sign | Comment

@[] |HB |2 LB |

-~

(| Page Thumbnails @
olog
=)
Y. ﬁ CEILINGS AND ATTICS
8 - Install Insulation and Provide Ventilation
b,
l:
:\ BENEFITS OF CEILING INSULATION
: Insulating ceilings Is one of the most ATTIC VENTILATION
cost-effective energy efficiency measures. In Continuous ridge and soffit
addition to reducing heat loss in the winter and vents form an effective attic
heat gains in the summer, cailing insulation ventilation system.
improves comfort by bringing ceiling tempera-
i A tures closer to room temperatures and provid-
the 2ist Century
Ing an even temperature distribution through-
Buildings that are more out the house.
LR When planning and managing ceiling insula-
ordable...that's the
tion projects, make sure
Document | uoc. omice of suiding prol
SRR «  Cailing is properly sealed
Community Programs (BTS). « Correct insulation levels are selected
To accelerate the development + Insuiation s properly intalled
and wide application of energy ' the research results are available and accepted,
efficiency measures, BTS: *  Insulation coverage is continuous and builders should follow local code requirements,
- Conducts RED on technolo- compics wihich usually dictate attic ventilation.
G A < SAlic.wortksion by inanksnod A combination of continuous ridge vent along
emciency woking cloacly Attic floors over fiat cellings are often the easlest  the peak of the roof and continuous soffit
it (heboding daasary, part of an exterior building envelope to insulate.  vents at the eaves provides the most effective
:."’"::':m"'“'“"":‘:' They are usually accessible and have ample ventilation. A rule of thumb is to use 1 sq. ft. of
ont room for insulation. However, many homes use net vent opening for every 150 sq. ft. of insu-
cathedral ceilings or have attic knee walls that lated ceiling or 1:300 if the insulation has a
4 R ETCuOUE ey "“""’w present unique insulation requirements. vapor barrier. Vent area should be divided
10
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Figure Appendix 1.2 (cont’d).
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Figure Appendix 1.2 (cont’d).
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Technology, State and
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To accelerate the development

and wide application of energy

efficiency measures, BTS:

+ Conducts RED on technologies
and concepts for energy effi-
ciency, working closely with

CRAWLSPACE
INSULATION

Imprave comfort and increase durability in the home

EFFECTIVE CRAWLSPACE INSULATION
A properly sealed, moisture-protected, and
insulated crawlspace will increase comfort,
save on energy costs, improve the durability of
the home, and reduce entry of moisture, radon,
and other potential irritants or pollutants into
the home. Whichever design is followed, the
keys to an effective crawispace are:

Moisture control —using a water-managed
foundation system to drain rainwater and
groundwater away from foundations.

Rirtight construction -sealing all air leaks
between the conditioned space and the outside
prior to insulation installation.

Complete insulation coverage —properly
installing the correct insulation levels and
making sure the Insulation coverage is

3 y and with
manufacturers of materials,
equipment, and appliances

* Promotes energy/money
1 saving opportunities (o both
builders and buyers of homes

and complete.

WATER-MANAGED FOUNDATION SYSTEM
A crawispace is susceptible to moistura and
deterioration problems because of contact with
the earth. The bast approaches for preventing

Tools | Sign | Comment
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WATER-MANAGED CRAWLSPACE
FOUNDATION

e
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D

5. Install a protective membrane, such as an
EPDM-type membrane, to Serve as a capillary
break that reduces wicking of water from the
masonry wall. This membrane, in addition to
metal flashing, can serve as a termite shield.

@

. Dampproof the below-grade portion of the
foundation wall to prevent the wall from
absorbing ground moisture by capillary action.
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Figure Appendix 1.2 (cont’d).

Effective Return : 24.0
Effective Cost: 160.0
Payback Year : 0.048917396860726055

Before Component : Light Bulb {100W Incandescent, Dimmable)

After Component : Light Bulh (25¥W CFL, Non-dimmable)
NREM Unit Cost: 6.8
Measure Quantity : 35.0
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ENERGY STAR CFL.*
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Figure Appendix 1.2 (cont’d).
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Figure Appendix 1.2 (cont’d).
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Effective Return : -339.0

Effective Cost : 1860.0

Payback Year : 0.6134038637847677

Before Component : Furnace (Gas, 78% AFUE)
After Component : Furnace (Gas, 92% AFUE)

NREM Unit Cost: 33.0

Measure Quantity: 70.0

The annual fuel wtilization efficiency (AFUE; pronounced A-'Few' or A-'F-U~E) is a thermal efficiency
measure of cornbustion equipment like furnaces, boilers, and water heaters. The AFUE differs from the
rue thermal efficiency’ in that it is not a steady-state, peak measure of conversion efiiciency, but instead
altermnpls to represent the actual, season-long, average efficiency of that piece of equipment, including
the operating transients. It is & dimensioniess ratio of useful energy owlput to energy Inpwt, expressed as
a percentage. For example, a 90% AFUE for a gas furnace means it oulputs 80 BTUSs of useful heating
for eveny 100 BTUs of Natural Gas input (where the rest inay be wasted heat in the exhaust). A higher

AFUE means higher efficienc)
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Figure Appendix 1.2 (cont’d).

/= C:\Documents and Settings\cm student\My Documents\_Research\Tool_Exsys\Work_Exsys\furnace.pdf - Windows Internet Explorer

<9y | cDocuments and studentiMy D _ResearchiTool | ¥ o v|[4 x| 43 £~
File Edt GoTo Favorites Help
¢ Favorites “’efumace.pdf a8 o @ v Page~ Safety~ Took - @ »
ﬁ@@‘ 0/10|f+|§BIDZ\’,D|\.‘ Tools | Sign | Comment
[CJ  Page Thumbnaits ] m}i &
g i g,
= ~

& .

A BestPractices

Process Heating

Technical Brief

Waste Heat

— | = =21 Reduction

and Recovery

for Improving
Furnace Efficiency,
Productivity

and Emissions
Performance

= CorvidBrowser

File

< WINDOW TYPE >

Window Technologies

Energy-efficient window technologies are available to
produce windows with the U-factor, SHGC, and VT
properties needed for any application.

AN

\| Click = Link to the related web page

Low-E and/or
solar control coating

Gas fill

Double panes

Sash Stop
sill Stool
v
a il
C:\Documents and Settings\cm student\My Documents'_Research\Tool_Exsys\Work_Exsys\Leah_Thesis1 html Exit

207



Figure Appendix 1.2 (cont’d).
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Effective Return : -5001286.0 )
Effective Cost: 11663.0

Payback Year : 3.9117237678388754

Before Component : Window (Single-Pane, Clear, Vinyl Frame)

After Component : Window (Triple-Pane, Moderate-Gain LoE, Vinyl Frame, Argon Fill)

NREM Unit Cost: 34.0

Measure Quantity : 350.0

Insuiated glazing (IG) aiso known as double giazing are doubie or ity window panes separated

by an air or other gas filled space to reduce heat transfer across a part of the bullding envelope. Giass in
windows Is used to provide light and alfow a view from either side o the other side. While the

composition and manufacturing of giass is covered elsewhere, for the purposes of this article, its

Importance to the construction is dimensional stability over a wide temperature range. Insulated

Glass Units (1GUs) are manufactured with glass in range of thickness from 3 mm to 10 mm or more in

special applications. Laminated or termpered glass may also be used as part of the construction. Most

ations

units are manufactured with the same thickness of giass used on both panes, but special applic
such as acoustic attenuation or secunty may require wide ranges of thicknesses to be incorporated in

the same unit
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Figure Appendix 1.2 (cont’d).
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Replacing your home's windows
with ENERGY STAR® qualified
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comfort and filter out damaging
ultraviolet light, while potentially
saving you hundreds of dollars
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Figure Appendix 1.4: Main Example — Developed Logic (Logic Block)
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= [_Report_Energy.ADD] Before Component : [[_Before_Component2]] <br> After Component : [[_After_Component2]] <br> NREM Unit Cost : [ NREM_!

~» [Report_Energy.4DD] <FORMAT: SIZE=12 STYLE=Italic FCOLOR=127,127,127> Building insulation materials are thermal insulation used in the const
=] “{Name} = "4 - Crawlspace Walls"

~» [Process_Count] = 4
~» [_Name] = "< CRAWLSPACE INSULATION »"
==+ [LNREM_Calc_Cost3] = _NREM_Unit_Cost3] * [_ Measure_Quantity3]
=T Measure_Quantity3] > 0
[_Effective_Cost] = [ NREM_Calc_Cost3] - {incentive Amount}
- [_Payback_Year] = [_Effective_Cost] / {Total}

.
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Figure Appendix 1.4 (cont’d).

= [T _User_Need = Crawlspace_lnsulation
[_Effective_Retum] = 9393939
=L _User_Need != Crawlspace_lnsulation
=1 [~ [Payback_‘Year] <= [_User_Year_Future]
[_Effective_Retun] = [_BEopt_Unretrofitted_Total] - {Total} - {Annual Loan}
- L [Payback_‘ear] > [ User_Year_Future]
[_Effective_Retun] = [ BEopt_Unretrofitted_Total] - {Total} - {annual Loan} - 5000000
= |_ [_Measure_Quantity3] <=0
[_Effective_Cost] =0
[_Effective_Return] =0
[_Payback_‘Year] =0
~$ [_Report_Energy.4DD] Before Component : [[_Before_Component3]] <br> After Component : [[_After_Component3]] <br> NREM Unit Cost : [ NREM_I
—» [ Report_Energy.ADD] <FORMAT: SIZE=12 STYLE=ltalic FCOLOR=127,127,127> Radiant barriers are also quite effective in floor systems above unh
=] tName)' =5 - Windows"
~» [Process_Count] =5
= [Mame] = "< WINDOW TYPE >"
[=1 = [NREM_Calc_Costd] = [ NREM_Unit_Costd] * [_Measure_Quantity4] A
= [~ [Measure_Quantityd] > 0 ]
[_Effective_Cost] = [ NREM_Calc_Costd] - {Incentive Amount}
- [_Payback_VYear] = [_Effective_Cost] / {Total}
= [ _User_Need =Windows
[_Effective_Retumn] = 9933933
=L _User_Need 1= Windows
=~ LPayback_Year] <= [_User_Year_Future]
[_Effective_Retun] = [_BEopt_Unretrofitted_Total] - {Total} - {4nnual Loan}
=L LPayback_Year] > [_User_Year_Future]
[_Effective_Retum) = [_BEopt_Unretrofitted_Tatal] - {Total} - {Annual Loan} - 5000000
= L [ Measure_Quantityd] <=0
[Effective_Cost] =0
[Effective_Retun] = 0
[ Payback_Year] =0
=+ [_Report_Energy.ADD] Before Component : [[_Before_Componentd]] <br> After Component : [[_After_Componentd]] <br> NREM Unit Cost : [ NREM_I
=+ [_Report_Energy.ADD] <FORMAT: SIZE=12 STYLE=ltalic FCOLOR=127.127,127> Insulated glazing (IG) also known as double glazing are double or b
= | “Name}' =6 - Lighting” rS
~» [Process_Count] =6 |
=}-=» [_Mame]="¢< LIGHTING TYPE >"
- [~ 5_Lighting = 0%
=+ [Light_Percentage] =1
= | 5_Lighting = 20%
~ [_Light_Percentage] = 0.8
=| 5_Lighting = 40%
~» [Light_Percentage] = 0.6
=| 5_Lighting = 60%
—+ [Light_Percentage] = 0.4 1
=] 5_Lighting = 80%
b [Light_Percentage] = 0.2
= L. 5_Lighting = 100%
4 [Light_Percentage] = 0
=~ [LNREM_Calc_Cost5] = _NREM_Unit_Cost5] * [_Measure_Quantity5] * [_Light_Percentage]
=T LMeasure_Quantity5] > 0
- I~ LNREM_Calc_Cost5] > 0 A~
[_Effective_Cost] = _NREM_Calc_Cost5)] - {Incentive Amount} |
= [_Payback_Year] = [_Effective_Cost] / {Total}
= [™ _User_Need = Lighting
[_Effective_Return] = 9939939
= L _User_Need!= Lighting
= [~ [Payback_Year] <= [_User_Year_Future]
[_Effective_Retun] = [ BEopt_Unretrofitted_T otal] - {Total} - {annual Loan}
= IR [_Payback_Year] » [_User_Year_Future]
[_Effective_Retum] = _BE opt_Unretrofitted_Total] - {Total} - {Annual Loan} - 5000000
= . LNREM_Calc_Cost5] <=0
[Effective_Cost] =0
[_Effective_Retumn] =0
[ Payback_Year] =0
=1 L. [ Measure_Quantity§) <=0
[_Effective_Cost] =0
[_Effective_Retun] =0
[ Payback_Year] =0

s
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Figure Appendix 1.4 (cont’d).

~» [Report_Energy.ADD] Before Component : [[_Before_Component5]] <br> After Component : [[_After_Component5]] <br> NREM Unit Cost : [ NREM_I &
—» [Report_Energy.ADD] <FORMAT: SIZE=12 STYLE=Italic FCOLOR=127.127,127> Compared to general-service incandescent lamps giving the same .
=] "iName}' ="7 - Fumace"
~¥ [Process_Count] =7
~ [_Name] = "< FURNACE TYPE >"
== [LNREM_Calc_Cost6] = [ NREM_Unit_CostB] * [_Measure_QuantityE]
= [ LMeasure_Quantity6] > 0
_E ffective_Cost] = _NREM_Calc_Costg] - {incentive mount}
= [_Payback_Year] = [_Effective_Cost] / {Total}
=~ _User_Need = Funace
[_Effective_Return] = 9399939
=L _User_Need!=Fumnace
= [Payback_Year] <= [_User_Year_Future]
[_Effective_Retum] = [_BE opt_Unretrofitted_T otal] - {Total} - {&nnual Loan}
= L. [Payback_‘ear] > [_User_Year_Future]
[_Effective_Retumn] = [_BEopt_Unretrofitted_Total] - {Total} - {Annual Loan} - 5000000
- [Measure_Quantitys] <=0
[_Effective_Cost] =0
[_Effective_Retun] =0 A
[ Payback_Year]=0
~b [_Report_Energy.ADD] Before Component : [[_Before_Component8]] <br> After Component : [[_After_Component6]] <br> NREM Unit Cost : [[_ NREM_I
~+ [Report_Energy.ADD] <FORMAT: SIZE=12 STYLE=Italic FCOLOR=127.127,127> The annual fuel utilization efficiency (4FUE : pronounced ‘A" 'Few' ¢
=] “fName}' = "8 - Without Fumace”
» [Process_Count] = 8
» [LName] = "< WITHOUT FURNACE >"
[_Effective_Retun] = -9393999
=] “iName} = "9 - RetiofitsFumace"
» [Process_Count] =9
» [LName] = "< RETROFIT + FURNACE >"
[_Effective_Retun] = -9393993
= L "{Namel" = "10 - Retrofit-Fumnace"
» [Process_Count] =10
» [_Name] = "< RETROFIT - FURNACE >"
[_Effective_Retun] = -9393993
=] TRUE
~» [_Report_Energy ADDFIRST] <FORMAT: SIZE=16 STYLE=Bold¥talic FCOLOR=0,128,0> [[_Name]] <br> <a href = "{Link}""> <IMG SRC = "{Image}'">
¥ [_Report_Energy. ADDFIRST] <FORMAT: SIZE=16 STYLE=Boldtitalic FCOLOR=0,128,0> [[_Name]] <br> <a href = "{Link}"> <IMG SRC = "{lmage}'> &
=3 [_Report_Energy.ADD] <a href = "{Document}'"> More Information </a> <br>
~» [Report_Overal ADDSORTED] [_Report_Energy. ¥ALUE), [_Effective_Retumn]
~» [EffCost_LO_Sorted ADDSORTED] [[_Effective_Cost VALUE]]. [_Effective_Retum]
—» [EffCost_LO_Sorted ASSIGNAFTER] "™, LEffCost_L1_Assign1], _EffCost_L1_assign2], [_EfCost_L1_Assign3], [_EffCost_L1_assignd], [_EffCost_L1
» EffCost_L2_Sting1) = REPLACECONTENTS("[[_EffCost_L1_Assign1 MALUE]]", "#", "#", ")
~+ [EffCost_L2_Sting2] = REPLACECONTENTS('[LEffCost_L1_Assign2 VALUE]]", "#", "#", ")
~ [EffCost_L2_Sting3] = REPLACECONTENTS('[_EffCost_L1_Assign3VALUE]]", "#", "#", ")
~+ LEffCost_L2_Sting4] = REPLACECONTENTS('[LEffCost_L1_Assignd VALUE]]", "#", "#", ")
~+ [EffCost_L2_Sting5) = REPLACECONTENTS('[_EffCost_L1_AssignSMALUE]]", "#", "#", ")
~+ LEffCost_L2_StingB] = REPLACECONTENTS('[LEffCost_L1_AssignB VALUE]]", "#", "#", ")
~» [EffCost_L3_Numeric1] = [[_EffCost_L2_Sting1. VALUE])
—+ LEffCost_L3_Numeric2] = [_EffCost_L2_Sting2 VALUE]]
~+ LEffCost_L3_Numeric3] = [[_EffCost_L2_Sting3.VALUE]]
~+ LEffCost_L3_MNumericd] = [_EffCost_L2_Sting4. VALUE]]
~+ LEffCost_L3_Numeric5] = [_EffCost_L2_Sting5.VALUE]]
= ~» [EfiCost_L3_MNumericB] = [[_EffCost_L2_StingB.MALUE]]
=~ LProcess_Count] =10
[LRemaining_Budget] = [_User_Budget] - _EffCost_L3_Numeric1]
~» [_Remaining_Budget1] = [_Remaining_Budget]
[_Remaining_Budget) = -[_EffCost_L3_Numeric2]
» [LRemaining_Budget2] = [_Remaining_Budget]
[_Remaining_Budget) = -[_EffCost_L3_Numeric3]
—+ [_Remaining_Budget3] = [_Remaining_Budget]
[_Remaining_Budget) = -[_EffCost_L3_Numericd]
~» [_Remaining_Budgetd] = [_Remaining_Budget]
[_Remaining_Budget] = -[_EffCost_L3_MNumeric5]
~» [_Remaining_Budget5] = [_Remaining_Budget]
[_Remaining_Budget] = -[_EffCost_L3_MNumerict]
+ [_Remaining_Budgetb] = [_Remaining_Budget]
=3-L LProcess Count] =10
[_Remaining_Budget] =0
~+ [_Remaining_Budget1] = [_Remaining_Budget]
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Figure Appendix 1.5: Main Example — Developed Logic (Meta Block)

Logic Block

Loic Block Select Block to Display: -
MetaBlock
X | x By | MetaBlock File to Use (Tab Delimited Spreadsheet): After each Row, Clear Variables
T “Momer =1 - | s Toe 7 UAL Select variable to clear and click "Add"
= “{Namej" = "1 - ource: I le -
» [Process_Ci - I .l] —,
5 [Neme]=" |MetaBlock_UtiityBills st Vsbies et wil be clomedt
} [BEopt_Uns Load Browse New Eifectve Cost
T e
= ame}" ="2 - _Pay _Year
~ [Process_C XML Interface _Report_Energy
[_Name] =
=~ [NREM_Ca Column Headings
T I- [Measy Name A
LEH Fied Charges
= LP4 Misc. (E)
SN Vent Fan [E)
La. Appl. (E)
L Lights (E)
= HVAC Fan/Pump [E)
= Cooling [E)
Heating (G)
= Hot Water (G) . ]
Misc. (G)
< Total
Annual Loan
| tive Amount
. ,m @ Amaur v Help | _ Cancel | OK
AND
e ||| [ === ’ v [ Hetagick_]
Same Level : | ool
R ; | Node | Rule _Go | _ Cancel |
_#hove | <|>| <|>]| I Compress
Done

w, MetaBlock Data Editor

LBk

MetaBlock Data Editor
Name | Fied | Misc.E) | VentFan LoAppl(E) Lits/E) | HVAC | CooinglE| Heata(6) HotWaler | Misc(G) | Totd | Awwel | Incenive | Image | Lk | Document |4
1|1 Uneeboif192 B208 448 1079 1652 18R 10076 21512 1804 B4 E 0 0 effirihome hp:/ /¢ ffcienhome._|
2 |2 Distwash 192 W08 448 1697 1652 118 10176 21512 14459 64 NEI M8 0 dishwasher o/ ¢ ishwashet p
3 |3 AictCel 192 X208 448 1079 1652 R12 968 1488 14804 64 5105 508 50 atiegh bt/ wwwm.¢ altc.pdf
4 |4 Cramlpac 192 %208 448 17079 1652 1104 1028 188 14804 64 065019 19044 50 cramlspace. hitp:/ v € cramlspace. £
5 |5-Windows 192 B8 448 1079 1652 WA MM 1616 1804 B4 W15 6BM 7 windomw gl bt/ € window, pef
§ |6-Liching 192 W08 48 1079 %KX 188 100 A8 14804 64 R X80 fohinggf it/ /v ohtingpd |
7 7-Fumace 192 26208 448 N079 1662 M8 0076 19632 MBM4 B4 WRNE BT 40 funaceipg /g funacepd
§ (8- WihoutF 192 X208 448 1079 1652 184 U 0 160 64 108947 0 0 effirihome hp:/ /o ffcethome
9 |9-Relofisf 192 W08 448 197 BX 808 N6 792 1M 64 610 0 effcienthome htp://ww. ¢ effcienthome
10 |10- Retofif 192 X208 448 1697 %% 608 N0 145 64 .m0 0 effcienthome bt/ ¢ effcierthome v
(| ]
Rows Columns Voes Und
1 Unvelrofited
M|
Delete Delete Cancel
Move Up Move Left
Move Down || | Move Right 0K
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Figure Appendix 1.6: Main Example — Command Block

Command Block

Command Block Select Block to Display:
g EditName | _too |

K0 s | | P o | | | S ne:

{~ ASK [User_Budget]

K [1_Dishwasher] \l\{ Questions about Budget & User’s Immediate Needs |
DERIVE [_After_Comp_List1]
ASK [2_attic]
DERIVE [_After_Comp_List2]
ASK [3_Crawlspace]
DERIVE [_After_Comp_List3]
ASK [4_Window] |
DERIVE [_After_Comp_Listd]
ASK [5_Lighting]
DERIVE [_After_Comp_List5]

ASK [B_Fumnace]
ERIVE [_After_Comp_List6]
: DERIVE [ NREM_Unit_Cost1] : / Derived Average Unit Cost from NREM Database

Questions about Current Measure Status
Derived After-Components from NREM Database

DERIVE [_NREM_Unit_Cost2]
DERIVE [_NREM_Unit_Cost3]
DERIVE [_NREM_Unit_Costd]
DERIVE [_NREM_Unit_Cost5]
DERIVE [ NREM_Unit_Costé]

FORWAARD BLOCK=2 Lesh MainLogie K”/‘ Providing Results to the Users |

Using the Rules in Logic Block |

|~ RESULTS
Control 1~ Command

Comment Cancel I
Done

Command Block -
Command Bl 3

Commands Help |

Vaiiables | Blocks | Reset | Extemal | Contol | Results | Tile | Repots |  Emai

= Display Default Results Screen:
TEXT "{ Prioritized Retrofit Measure List |* FORMAT: FONT=Dialog SIZE=18 STYLE=Bold FC! A
TEXT "

TEXT “Effective Cost = (NREM Unit Cost x Measure Quantity) - Incentive Amount” FORMAT:
TEXT "“Effective Retun = Annual Energy Savings - Annual Loan Pagment”" FORMAT: FONT=|
TEXT “Annual Energy Savings [BEopt Result] = Unretrofitted Utility Bills - Measure Applied Utility v

< >
Edit
Serviet Template to Use = | Browse
FLASH DatatoSend= | Browse | New | Edt |

" Display File of Corvid Screen Commands:

[ Browse | New | Edt |
Serviet Template to Use = | Browse
FLASH DatatoSend= [ Browse | New | Edt |
" Display HTML Page: | Browse
Command: |RESULTS
__Cancel_|
Comment Cancel |
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Figure Appendix 1.7: Main Example — Variables

Now Copy Prqmpt T ToBe T Options T Link T Ask With T Also Ask T Senvlet
—] Main Prompt
| Static List = <br> Whatis yourimmediate need?
1_Dish_Washer
2_Attic_Insulation Extemal Source for Prompt Text
3_Crawlspace_Insulation [ Edit
4_Window_Type
5_Lighting Altemate Prompts
6_Fumace_Efficiency Key Variable: = None
—————— Dynamic List Prompt#:[2” <>
_After_Comp_List1 |
_After_Comp_List2
_After_Comp_List3
_After_Comp_List4 StaticList | Dynamiclit | Continuous |  Collecton | Confidence
_After_Comp_List5
_After_Comp_Listé Value l
_After_CompCost_List1 - —I
_After_CompCost_List2 Optional Short Text: |
_After_CompCost_List3 :
_After_CompCost_List4 Ennsz‘r:xm =
_After_CompCost_Lists Crawlspace Insulation
i 'Window:
_After_CompCost_List6 Dyt ‘ <3
——— Continuous : ¢ _Deiete |
_After_Componentl v I
Edit Name | Delete | Where | [
Limit to Variables Containing: c -
I .
Update : I_' I
Sort a
s 4 sestion
 Order Created Defaults ¥ Show Advanced Options Help 0K
" By Variable Type -
(& By Type + Alpha —]P'WAI
Variables
l Prompt | ToBe | Options | Link | AskWith | |Also Ask | Serviet
New Copy B e LA
= Also Ask these Variables (if not already asked)
Static List _After_CompCost_List1
_User_Need M
1_Dish_Washer
2_Attic_Insulation M r
3_Crawlspace_Insulation
4_Window_Type
5_Lighting
6_Furmnace_Efficiency Delete Add
Select variable to add to list:
Aiter_Comp_Listl | =|
After_Comp_List2
_After_Comp_List3
_After_Comp_List4 Static List Dynamic List Continuous T Collection T Confidence
_After_Comp_Lists A J
_After_Comp_List6 .
_After_CompCost_Listl (" Use Tab Delimited Spreadsheet column unique values:
After_CompCost_List2 B
After_CompCost_List3 Fie | CEeD ]
_After_CompCost_Listd cotmn:| ll
A CompCost_Lists
_After.
(" Use values of Collection Variable:
Continuous
_After_Componenti ™ Ll
i HEN Raa] ol &+ Use Extemal Source for Value List:
Limit to  ariables Containing: [XML "NREM_data xml" /RetrofitDbD ata/tbhwebM /webM. [sBeforeComp Edt |
|
Update
Sort Goestion
 Alphabeti e
 Order c.:u?d M ¥ Show Advanced Options Help OK
" By Vanable Type -
= By Type + Alpha it
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Figure Appendix 1.7 (cont’d).

=, External Data Sources

[_After_Comp_List1]: External Source for Dynamic Value List

XML "NREM_data.xml" /RetrofitDbData/tblwWebMeasures/webMeasures [sBeforeComponent =
*[[_Before_Component1]]*] / sAfterComponent SEP="Tab"

URL |

XML

I

Database

i Param Il Applet
XML Filename: (If no name is specified, Leah_Thesis. XML will be used.)
|NREM_data.xml
Browse Edit
XPath Command:

v Separate multiple returned values with:

[/R etrofitDbD ata/tblwebMeasures/webMeasures [sBeforeComponent = "[[_Before_Component1]]"] / safter

I Only Unique Values: (When multiple values are returned, there will be no duplicates)

™ Only return a COUNT off the values selected

Corvid can read data from an XML file. The data is selected by an XPath command. One
or more values can be returned, depending on the context the command is used in.

v

(Defaultis a Space)

(' By Type + Alpha

Variables B@LE|
|Prompt | ToBe | Options | Link | AskWith | AlsoAsk | Serviet
N Lo
A _Copy_| ain Prompt
[ Continuous A :
_After_Componentl _After_Componentl:
After_Component2
After_Component3
hfter_Componentd Extemnal Source for Prompt Text
_Aher_Component5 [ Edit
_After
_Before_Compuorme Altemate Prompts
_Before_Component2 KonVanable: = None
_Before_Component3 e I o —I HhizeN|
_Before_Component4 ompt#:[27 <|>|
_Before_Components |
_Before_Componentt
_BEopt_Unretrofited_Total
_EffCost_L1_Assign1 Static List T Dynamic List ( C ) Collection T Confidence
_EffCost_L1_Assign2
_EffCost_L1_Assign3 .
_EffCost_L1_Assignd " Numeric
_EffCost_L1_Assign5 I I r ﬁ
_EffCost_L1_Assignb -
_EffCost_L2_Stringl
_EffCost_L2_String2
_EffCost_L2_String3
_EffCost_L2_String4 Mask: [
_EffCost_L2_String5
_EffCost_L2_Stringb v
EdName| _ Delele | _ Whee | £ 1Dote
ame e
r [
Limit to Variables Containing:
| r —
Update
Sort -
el uestion
 Order Created Defaults ¥ Show Advanced Options Help oK
(" By Variable Type Preview Al

217




Figure Appendix 1.7 (cont’d).

Variables

IProm) éT ToBe T Options T Link T Ask With T AlsnAskT Senviet
N {rvomp§
A —Coy_| Main Prompt
Continuc - -

_After’Componentl _BEopt_Unretrofitted_Total:
_Affer_Component2

er_Component3
After_Component4 Extemal Source for Prompt Text
_After_Components | Edit
_After_Componenté
_Before_Componentl Altemnate Prompts
_Before_Component2 Key Variable: = None
Before_Component3 < l e —] ore: |
Before_Component4 ompt #:[2° <[> |

Before_Components

EfiCost_L1_Assign3
_EffCost_L1_Assignd

[
Static List T Dynamic List (] Conti |ﬁ Collection T Confidence

_EffCost_L1_Assign5 Lowerlimt [ o |
_EffCost_L1_Assign6 :: IW > ™ Upper
_EffCost_L2_String1 ntegers Only
_EffCost_L2_String2 .
_EffCost_L2_String3 " Sting
_EffCost_L2_String4 Mask |
_EffCost_L2_String5
_EffCost_L2_Stringb v
" Date
Edit Name | Delete | Where | = —_—
Limit to Variables Containing:
[ o —
Update
b Question
" Alphabetic: e:
 Order c,,::yd Defaults v Show Advanced Options Help 0K
(" By Variable Type -
& By Type +Apha _Previewall |
Variables

N | e |

_NREM_Calc_Costh -~

_NREM_Unit_Cost2
_NREM_Unit_Cost3
_NREM_Unit_Costd
_NREM_Unit_Costs
_NREM_Unit_Cost6
_Process_Count
_Remaining_Budget!
_Remaining_Budget2
_Remaining_Budget3
_Remaining_Budget4
_Remaining_Budget5
_Remaining_Budget
_User_Budget

Collection
_EffCost_L0_Sorted
_Priontized_List
_Report_Energy

_Report_Overall
Confidence

_Effective_Cost
_Effective_Return
_Remaining_Budget ™

Edit Name | Delete | Where |
Limit to Variables Containing:
|

Update

b Question

€ Alphabetically e

 Order Created LEELD

(" By Variable Type -

& By Type + Alpha & 2

Prompt ToBe | |Options | Link | AskWith | AlsoAsk | Senviet

I~ Final Results Di Fi X
esults Display Flag il &

r nlem Value = = —
=1 ~Backwaid Chaning

3 [iexarashlien Delathvakie [ Stop after first value s set

I~ Skip redundant rules [~ DoNOT Derive

=

I~ Check for PARAM data

I~ Initialize to: ]

v Extemal Source For Value:
IXML "NREM_data.xml" /RetroftDbD ata/tbiw/ebMeasures/webMeasures [sBeforeComponent = "[[ _ Edit

[~ After ASK Calt | Ede |

Static List T Dynamic List T Ci T Collection T Confidence

* Numeric

I Lowerlimt [

™ Integers Only

[~ Upperlimt [

 Sting
Mask: |

" Date

o [
—

v Show Advanced Options

Help
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Figure Appendix 1.7 (cont’d).

Variables =]
'Pmnjpgr ToBe T Options T Link T Ask With T AlsnAskT Serviet
e

_ New | _Copp | Main Prompt

_NREM_Calc_Costb ~ =

“NREM_Unit_Costl _Report Overall:

_NREM_Unit_Cost2

_NREM_Unit_Cost3

_NREM_Unit_Cost4 Exteral Source for Prompt Text

_NREM_Unit_Costs | Edit

_NREM_Unit_Cost6

_Process_Count Altemate Prompts

_Remaining_Budgetl Key Variable: = None

_Remaining_Budget2 “ ’ e | Hore |

_Remaining_Budget3 ompt #:[27 <[> |

_Remaining_Budget4 |

_Remaining_Budget5

_Remaining_Budget

_User_Budget Static List T Dynamic List T Continuous ( Collection ]) Confidence

=, Collection
ffCost_L0_Sorted

[~ | Preload from an Extemal Source at Runtime:
Source:

Prioritized_List T Edt
Report_Ener
[~ Allow Only a Maximum Number of Items in Collection:
Confid Maximum number of items:
nfidence
Effective_Cost € If Maximum reached, drop items from top when new items are added
“Effective_Return (& 1f Maximum reached, drop bottom item when new items are added
:Remaini;g_ﬁudget v " If Maximum reached, do not add more and report an error
EdtName |  Delete |  Whee | = 'm‘f‘e"""“““z
Limit to Variables Containing: List
[
Update T
b Question
" Alphabeticaly o -
 Order Created Defauls ¥ Show Advanced Options Help oK

(" By Variable Type -
& By Type + Alpha _ PreviewAll |

Variables
= - Pompt | ToBe | [Options| | Link | AskWith | AlsoAsk | Seret
Final Results Display FI Mavimum N
_NREM_Calc_Coste ~ E . AT e 5N @ p
_NREM_Unit_Costi v Default Value o [—
_NREM_Unit_Cost2 jo | T
_NREM_Unit_Cost3 g B
“NREM_Unit Costd [ Never ASK - Use Default Value e R st
_NREM_Unit_Costs [~ Check for PARAM data ¥ Skip redundant rules [~ DoNOT Derive
_NREM_Unit_Costé B
_Process_Count ¥ Initisize to: [0 =]
_Remaining_Budgetl I~ | Extemal Souwce ForVelue:
_Remaining_Budget2 T Edit
_Remaining_Budget3
_Remaining_Budgetd [ After ASK Cal. | _Edt |
_Remaining_Budget5
_Remaining_Budgett — =
_User_Budget Staic List T Dynamic List T Continuous T Collection q C 1
~ 1]
Collection lwv@
romized e o Bl
= - [~ Maxi
_Report_Energy
_Repont_Overall Calculation
Lock Value If:
[sum =]
a [~ Minimum Yalue
[~ Maximum Value [— | | |
Edit Name Delete | ‘Where | [
P N I™ Round to Integes Test Expression : Lock Value
Il.mtlu\’aublescmm. il be 1 by e variabie's nams
it Make Parameters the Default_|
Sort Quesion
el . uest
e LY ¥ Show Advanced Options Help oK
" By Vaniable Type -
& By Type + Alpha £ e
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Variables

New Copy
_NREM_Calc_Costb ~
_NREM_Unit_Costl
_NREM_Unit_Cost2
_NREM_Unit_Cost3
_NREM_Unit_Cost4
_NREM_Unit_Cost5
_NREM_Unit_Costs
_Process_Count
_Remaining_Budgetl
_Remaining_Budget2
_Remaining_Budget3
_Remaining_Budget4
_Remaining_Budget5
_Remaining_Budget
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Figure Appendix 1.8: Main Example — Budget Calculation Related Variables
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Figure Appendix 1.8 (cont’d).
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Figure Appendix 1.9: Main Example — BEopt Information
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Figure Appendix 1.9 (cont’d).
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[Diiertation is defed as the dvection faced by the foni of the house [azmulh = degrees,_clockwise from South]

| Previous runtime: <1 (10 simulations)
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of dishwasher with boost heating elements, the dishwasher water heating depends on the water heater set pont.

Iin the case where all hot watet i [ with cold-water tion onlp). energy ion for water
Iheating depends on mains water temperature and is location-dependent, and the impact on water heater energy consumption is 2efo.

Energy efficiency

[Previous runtime: = 1m (10 simulations)
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Figure Appendix 1.9 (cont’d).
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€ 4) Celing R30 Cellulose Blown-In, Vented 208 20 0110,0410 999
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© 18) Roof R30 Fiberglass Batts 20 278 0110,04110 999
€ 19) Roof R38 Fiberglass Batts 20 348 0110,0410 999
€ 20) Root R38 Fiberglass + 3.5 Rigid Ins 20 621 0110,0410 999
€ 21) Roof R275SPs 20 293 0110,0000 999
€ 22) Roof R37.5SPs 20 393 0110,0000 999
€ 23) Roof R47.5 SPs 20 493 0110,0000 999

ic space that is not diectly conditioned. Insulation on the attic floor (the ceding of the space below) or at the roof plane. Options can also

Energy efficiency group. |Previous runtime: < 1m (10 simulations) A
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W all perimeter L aricle [Jan 2003)

fNOTE: Dniwodmnbgﬁm‘m include film coefficients. but do NOT inchude carpet (added in the Exposed Floor category) of floor
int

Energy efficiency ay organized by group. | Previous runtime: < 1m (10 simulations) |
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Figure Appendix 1.9 (cont’d).
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' 7) Low-e, low SHGC 0318 0.266 30
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Options can specilic window types of a sir

with edge spacer and fr

g type

windows may not be available at higher altitudes (above approsimately 3500 feet], due lo issues with atmospheric pressure
between the installation and manulacturer's locations.

" the buiding.

gy ¥ ay organized by group.

| Previous runtime: < 1m (10 simulations)
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Jamps; with the remaining

Displayed lifetimes are calculated based on the fractions of lamp technologies and the household average daily lamp usage.

ILighting options are specified in terms of fractions of compact fluorescent (CFL). light-emitting-diodes (LED), and linear fluorescent (LFL)

Energy efficiency and renewable energy categories, organized by group.

| Previous runtime: < 1m (10 simulations)
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Figure Appendix 1.9 (cont’d).
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of tion of for izing within retrofit analysis, & design day is run to auto-size the equipment for the annual simulation. The
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trofit analysis, a design day is run to auto-size the equipment for the annual simulation. The
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Muttiple user-defined designs provide ‘what if 7" analysis. |Previous runtime: <1m (10 simulations)
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Figure Appendix 1.9 (cont’d).
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Figure Appendix 1.10: Main Example — Creating Meta Block
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8 |Lights (E) 165.2 165.2 165.2 165.2 165.2 95.36 165.2 165.2 95.36 95.36
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_Cooling (E [01.76 101.76 59.68 102.8 72.72 100 101.76 92.24 32.64 31.52
1 [Heating (C  [2151.2 2151.2 1428.8 1888 1861.6 2172.8 1863.2 0 791.2 0
|Hot Water 148.04 144.59 148.04 148.04 148.04 148.04 148.04 148.04 144.59 144.59
6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4
3320.26 3315.3 2512.59 3050.19 2981.55 3270.82 3032.26 1059.47 1746.1 911.78
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Figure Appendix 1.10 (cont’d).

*; PERSONAL.XLSB - Module1 (Code) (=13
(General) v I IBEapt_Exsys v I
| Sub BEopt_ Exsys() B

' BEopt_Exsys Macro
' Convert BEopt output for Exsys MetaBlock

' Kevboard Shortcut: Ctrl+y
!
Rows("1:2") .Select
Selection.Delete Shift:=x1Up
Range ("A1:K12") .S5elect
Selection.Copy
Range ("A14") .Select
Selection. Bas pecila P
Transpose:=True

:=x1Pasteill, Operation:=xlNone, SkipBlanks:= _

Rows ("1:13
Application.CutCopylode = False
Selection.Delete Shift:=x1Up
Range ("A1") .Select
AcriveCell.FormulaR1Cl = "Nawe"
ChDir

S and SettingsTey student\My Docuwentsh Research\Tool Exsys\Work Exsys’
Aevivelorkbod

.Saveds Filename:=
"C:\ Documen and_Se ing={Cm student)My Docuwents)_Research)Tool_ Exsyg)Work_ Exsys\BEopt_NetaBlock.txt"
, FileFormat:=x1Text, CreateBackup:=False
End Sub

bl KN | _'l;/‘

( () H9 -®~-)s BEopt_MetaBlock.txt - Microsoft Excel il =l < )
e | Home I Insert Page Layout Formulas Data Review View @ - o x
== ¥ | Calibri MRt -‘ S¢  General -~ | [EfConditional Formatting~  J=Inset~ X ~ %\T %
B 53 |B 71 | 'HA‘ A'. IE = !‘@’ ls v % 9‘ 3% Format as Table ~ I Delete ~ v -
g EeCA]  ([EE] ([RE Scensyes- (1 Fomat = | 2 Fiter select~
Clipboard ™ Font ] Alignment iF Number % Styles Cells Editing
Al - fe | Name EI
A e—t—c—1T- D0 [ F [ 7 [ & [ W [ T 1T—r—t—k—0r L | IN
Name _!lFixed Cha Misc. (E) Vent Fan (Lg. Appl. ( Lights (E) HVAC Fan, Cooling (E Heating (C Hotm
2l 1- 192 262.08 4.48 170.79 165.2 118.32 101.76 2151.2 . .26
3 |2-Dishwe 192 262.08 4.48 169.27 165.2 118.32 101.76 2151.2 144.59 6.4 3315.3
4 13- Attic&( 192 262.08 4.48 170.79 165.2 75.12 59.68 1428.8 148.04 6.4 2512.59
5 |4-Crawls| 192 262.08 4.48 170.79 165.2 1104 102.8 1888 148.04 6.4 3050.19
6 |5- Windo* 192 262.08 4.48 170.79 165.2 98.24 72.72 1861.6 148.04 6.4 2981.55 =
7 |6- Lightin, 192 262.08 4.48 170.79 95.36 118.88 100 2172.8 148.04 6.4 3270.82
8 |7-Furnac 192 262.08 4.48 170.79 165.2 118.32 101.76 1863.2 148.04 6.4 3032.26
9 |8 - Withot 192 262.08 4.48 170.79 165.2 18.24 92.24 0 148.04 6.4 1059.47
10 |9 - Retrofi 192 262.08 4.48 169.27 95.36 48.08 32.64 791.2 144.59 6.4 1746.1
11 |10 - Retro* 192 262.08 4.48 169.27 95.36 6.08 31.52 0 144.59 6.4 911.78
12
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Figure Appendix 1.10 (cont’d).
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Figure Appendix 1.10 (cont’d).

w, MetaBlock Data Editor

- BX

Metawua Editor A~
Fied | Misc. ) | VertFan |La Apol (€]l Liohts(E) | HVAC | CoolinalE) | Heatina (G| HotWater | Misc. (6)/ Totdl \ 4
%208 448 17079 1652 1832 0% 21512 14804 64 3320.26
26208 448 16927 1652 11832 10176 21512 14459 64 33153
7 }3 - AttickCeili 19 26208 448 17079 1652 75.12 59,68 14288 14804 64 251259
26208 448 17079 1652 1104 1028 1888 14804 64 305019
26208 448 17079 1652 98.24 77 18616 14804 64 2981.55
26208 448 17079 9536 11888 100 21728 14804 64 3270.82
26208 448 17079 1652 11832 10176 18632 14804 64 303226
26208 448 17079 1652 18.24 92.24 0 14804 64 1059.47
26208 448 16927 9536 48.08 3264 7912 14459 64 17461
26208 448 16927 9536 6.08 3152 0 14459 64 e S,
)
~Rows - Columns
Values Used 1 - Unretrofitted
Add | Add | [1-Unetrofited N e
Delete | Delete | g-g:;hgcas?e: [
ete e - AttictCeilin
4- l:rawlspaceg Walls M
p | A | |5 - Windows 1
6 - Lighting
MoveDovm| Move Right | |7 - Fumace v 0K |

w MetaBlock Data Editor

MetaBlock Data Editor
| HVAC | Coolina[E| | Heating(G] | HotWater = Misc. (G = Total /Annual | Incentive | Image | Link | Documel 4
1 11832 10076 21512 14804 B4 3202% /0 0 efficienthome hitp://owww.¢ effcenthome ||
2 1183 10176 21512 14459 64 : 1128 0 dlsiwvasher.whtlp.//www.edcshwashel.g‘
3 7612 59,68 14288 14804 64 59 50508 50 attic.gf  http://www.¢ attic. pdf
4 1104 1028 1888 148.04 6.4 305019 19044 50 crawlspace. ¢ http://www.€ crawlspace.f
5 9824 7272 19616 14804 64 298156 162504 (237 window.gif  http://www.€ window, pdf
6 (11888 100 21728 14804 64 27082, 2508 30 lighting.gif  http://www.¢ lighting. paf
78R 101.76 1863.2 148.04 6.4 303226 \ 627 450 furnace.jpa  http:/ /v fumace. pdf
8 1824 92.24 0 14804 64 105947 0 effnclenlhome htlp//wwweefhclent €
9 4808 3264 791.2 14453 64 1746.1 0 iofe]
10 6.08 3152 0 14453 64 7m0
ﬂ New Column
~Rows - Columns Vales Used Headg i
es Use eading for new ; oK
Add | [ A ] [
Deke | Delte | S e
MoveUp | = Moveleft |
Move Down | Move Right | low Coar 0K |
‘ 2o —

231



Figure Appendix 1.11: BEopt Calling Example
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Figure Appendix 1.11 (cont’d).
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Figure Appendix 1.11 (cont’d).
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Appendix 1.12: Images, Documents, and Web Link Sources for the Integration Model
(Ordered by Images, Documents, and Web Link Sources, Retrieved on 5/23/2012)

Dishwasher
e http://www.energystar.gov/index.cfm?fuseaction=find_a_product.showProductGroup&pg
w_code=COH
o http://www.nrel.gov/docs/fy100sti/48284.pdf
e http://www.energystar.gov/index.cfm?fuseaction=dishwash.search_dishwashers

Attic & Ceiling Insulation
e http://www.energysavers.gov/your_home/insulation_airsealing/index.cfm/mytopic=11420
e http://www.ornl.gov/sci/roofs+walls/insulation/fact%20sheets/attic%20floors.pdf
e http://www.energysavers.gov/your_home/insulation_airsealing/index.cfm/mytopic=11390

Crawlspace Wall Insulation
e http://www.energysavers.gov/your_home/insulation_airsealing/index.cfm/mytopic=11480
e http://www.ornl.gov/sci/roofs+walls/insulation/fact%20sheets/crawlspace%20insulation%?2
Otechnology.pdf
e http://www.energysavers.gov/your_home/insulation_airsealing/index.cfm/mytopic=11480

Window Type
e http://www.energysavers.gov/your_home/windows_doors_skylights/index.cfm/mytopic=1
3370

e http://www.energysavers.gov/pdfs/guide_to_energy_efficient_windows.pdf
e http://www.energystar.gov/index.cfm?fuseaction=find_a_product.showProductGroup&pg
w_code=WI

Lighting
e http://www.energysavers.gov/your_home/lighting_daylighting/index.cfm/mytopic=12050
o http://wwwl.eere.energy.gov/buildings/openhouse/pdfs/lighting_factsheet29.pdf
e http://www.energysavers.gov/your_home/lighting_daylighting/index.cfm/mytopic=11980

Furnace
e http://www.epa.gov/iag/pubs/airduct.html
e http://wwwl.eere.energy.gov/manufacturing/tech_deployment/pdfs/35876.pdf
e http://www.energystar.gov/index.cfm?c=most_efficient.me_furnaces
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APPENDICES 2

Emails about Technical Limitations and Software
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Figure Appendix 2.1: Email from BEopt

Date: Tue, 21 Feb 2012 13:56:25 -0700 [02/21/2012 03:56:25 PM EDT)

From: I @nrel.gov>
To: Yunjeong Mo <moyunjeo@msu.edu>

Cc: I m@nrel.gov>
Subject: RE: Inquiry about BEopt
Show this HTML in a new window?

Hi Leah,

Unfortunately the current version of BEopt has no such capability to be automated based on
external files/calls.

BEopt version 2, which is under development and is planned to be released in the summer, will be
better suited to this sort of hookup. There are a number of approaches with BEopt 2 in which you
could automate certain tasks, but some approaches may be easier than others depending on the
specifics of what you want to accomplish (e.g. do you want/need to run BEopt optimizations?
perform BEopt costing? etc). You might contact us once BEopt 2 is released if you want to pursue
this further.

I

Electricity, Resources & Buildings Systems Integration
National Renewable Energy Laboratory

1617 Cole Blvd.

Golden, CO 80401

303.354. 00
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Figure Appendix 2.2: Email from Exsys

Date: Wed, 15 Feb 2012 09:40:31 -0700 (024152012 11:40:31 AMEDT)
From: ExsysSupport <supporti@exsys.com:
To: Yunjeong Mo <moyunjec@msu.edu>
Subject: Re: Question about calling external programs

This message was written in a character set (windows-1252) other than your own.
Ifitis not displayed correctly, click here to open itin a new window.

Show this HTML in a new window?

Hi Leah,

The XML interface in the applet runtime currently works via interapplet comunication. This means
it only works with the applet runtime - not running as an application.  This may change in ver 6,
but that is quite aways off. You would need to either:

1. Run as an application, but get your data from a file in the Corvid syntax [varname] value...
rather than XML. You could then do the WRITE, EXTERN comamnds.

2. Run as an application, but call an intermediate program (which you would have to write) to
parse your XML data into the form Corvid can read.

3. Run as an applet, in which case your XML will work, but your WRITE and EXTERN would have
to be converted to URL calls to a server. The WRITE could probably be handled with Corvid

Report, but the EXTERN might be more difficult to run on a server. This would also require a
server with Tomcat or comparable program to run the serviets.
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Figure Appendix 2.3: Email about Software

Date: Mon, 01 Aug 2011 14:54:25 -0400 [08/01/2011 02:54:25 PM EDT)
From: Prof. Matt Syal <syalm@msu.edu>
To: moyunjeo@msu.edu

Cc.ii
Subject: XML software

Show this HTML in a new window?
Leah:

| just talked to NREM database person and they suggested XML spy software by Altova
http://www _altova.com/ ). You can download a 30 day version and try it.

hanks
MS

Matt Syal, Ph.D., LEED®AP

Professor, Construction Management
School of Planning, Design and Construction
MICHIGAN STATE UNIVERSITY
www.msu.edu/~syalm
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