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EXECUTIVE SUMMARY
The purpose of this study is to estimate the direct savings resulting from the Integrated Design Labs’
(IDLs) design assistance services provided for new construction or existing building retrofit projects
completed in 2011.
The mission of the IDLs is to work with the building design community to create sustainable, high
performance buildings with more productive and comfortable work environments. NEEA contracts with
the IDLs to provide design assistance services to directly influence the as-built characteristics of new
construction and retrofit projects that increase energy efficiency and to educate design teams through
direct experience. SBW designed this study to estimate the energy savings from direct technical
assistance projects.
Objectives
This study is an evaluation of the direct energy savings impact of the IDL program, specifically addressing
the savings achieved for 24 projects completed in 2011. Further, SBW designed the study to detect the
IDL influence on these projects in terms of the specific energy efficiency measures implemented.
Methodology
SBW drew a stratified random sample of four projects from the population of 24 projects completed in
2011 based on qualitative IDL estimates of the likely energy savings for each project.
SBW employed a three-stage process for each project in the sample group:
 Identify specific measures incorporated into the design of the building which were the direct result

of IDL influence on the design team.
 Verify the implementation of IDL influenced measures and that they are now or soon will be

operational.
 Conduct an engineering analysis for each project to develop an estimate of project energy savings.

SBW estimated savings with eQUEST or DOE2.2 energy simulation software.
Findings
Table Exec-1 shows the study estimate of savings for the four sampled projects.

SBW Consulting, Inc.
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Table Exec-1: First-Year Project Level Savings - IDL Influenced Measures - Verified
Annual Energy Savings
Project

Project Type

Stratum

Project 1

New Hospital 1

Hi

Project 2

New Hospital 2

Project 3
Project 4

Floor Area

kWh

Therms

MMBtu

700,000

1,484,196

155,094

20,575

Hi

838,415

2,315,100

191,321

27,034

New Grocery

Lo

8,000

23,623

(651)

16

New College

Lo

70,000

87,400

10,395

1,338

3,910,319

356,159

48,962

Total

SBW used two methods to estimate first-year program-level savings from these sample results. The first
method estimates the savings for the 2011 population of projects based on the mean savings (kWh,
aMW, Therms, and MMBtu) per project for each of the two sample strata. The second method
estimates savings based on the mean savings per square foot of floor area and the total floor area in
each stratum.
Table Exec – 2 shows the results of the two estimation methods along with the relative precision of each
estimate at a 90% confidence level. The floor area normalized estimate provides the more precise
estimate of program-level savings. The large difference in savings between the two methods is caused
by the two randomly selected projects in the Hi stratum having significantly larger floor area than the
rest of projects in that stratum. Among the four sampled projects in this study, project savings
correlated strongly with floor area, with R2 values of 0.97 and 0.99 for kWh and therms, respectively. As
a result, the savings for the Hi stratum are outliers and by correlation, not representative of savings of
the population. Thus, the results of the stratum-weighted savings estimate are skewed such that they
are much larger than the floor area normalized estimate.
Table Exec-2: First-Year Program-Level Savings and Relative Precision by Estimation Method
Method 1 - Mean Savings
kWh

Total Savings Relative Precision
0.29
14,241,232

Method 2 - Mean Savings / Floor Area
Total Savings
7,719,706

Relative Precision
0.40

1.63

0.29

0.88

0.40

Therms

1,295,277

0.18

571,194

0.72

MMBtu

178,113

0.20

83,467

0.37

aMW

Recommendations
The following recommendations should improve the reliability of future evaluations of IDL direct
savings. These recommendations may overlap somewhat with changes already implemented in 2012 by
NEEA, based on recommendations in the previous IDL savings verification evaluation 2011.
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 Systematically document IDL contributions to the design process. This system should capture

evidence (reports, meeting notes, e-mail, presentations, and personal log entries) of who gave the
advice, who received the advice, and when the advice was given.
 Building energy simulation models are the means by which the IDL program can document the

energy impact of their design assistance work. To that end:


Routinely do building energy simulation models for larger projects coming through the Labs.
Design teams usually produce energy models for a variety of reasons. IDLs can modify copies of
these models to isolate the measures which represent their influence on the project. If the IDLs
prefer to use a different simulation software, that could be done as well.



IDL design assistance services begin early in the design process. After the building is
constructed, the IDLs may not be aware of which measures survived the latter stages of design
and value engineering. A routine design team follow-up is recommended to document the
installation and functionality of IDL-recommended measures in the constructed building.



After building occupancy and IDL influenced measure verification is complete, do a final true-up
of the simulation model calibrated to utility billing records.



Models obtained for this study use a code baseline model of the constructed building. If an IDL
influenced the change of an early design iteration of the building such as envelope shape, they
could create a baseline model of that earlier building design to demonstrate their influence on
the final building. This would probably require a multiple model, rolling baseline approach to
modeling that captures where the building was in the design process when a particular IDL
influenced measure occurred.



eQUEST is the current industry standard for simulation software and, though every simulation
program has its challanges, should remain the tool of choice for the present. As mentioned
above, the IDLs could independently develop models with alternative simulation software such
as EnergyPlus which could also be used in future evaluations.

 Architects consistently report spillover of IDL concepts into subsequent projects. Quantification of

spillover market effects in a future impact evaluation may show substantial additional program
savings.

SBW Consulting, Inc.

3

DIRECT SAVINGS FROM 2011 INTEGRATED DESIGN LAB PROJECTS

1. INTRODUCTION
The purpose of this study is to estimate the direct savings resulting from the Integrated Design Labs’
(IDLs) design assistance services provided for new construction and existing building retrofit projects
completed in 2011.
The mission of the IDLs is to work with the building design community to create sustainable, high
performance buildings with more productive and comfortable work environments. Each IDL provides
access to information, tools and resources on integrated design, other high performance building
practices, and a variety of advisory services that include:
 Integrated design process and methods
 Climate analysis and appropriate building responses
 Daylighting and electric lighting design assistance
 Modeling (daylighting, computational fluid dynamics (CFD), and energy performance)

There are IDLs in six locations across the four-state region of Washington, Oregon, Idaho, and Montana.
Each Lab is affiliated with a public university and has professors of architecture and research personnel
on the staff. A partnership of NEEA, electric utilities, and universities funded the IDLs, with NEEA being
the administrator.
IDL services result in changes to the as-built characteristics of new construction, and retrofit projects
that increase energy efficiency. This study was designed to estimate the savings from direct technical
assistance.

1.1. Study Objectives
This study is an evaluation of the direct energy savings impacts of the IDL technical assistance,
specifically addressing the direct savings achieved for 24 projects determined by the IDLs and NEEA to
have been completed in 2011. The IDL influence on these projects begins in the early stages of the
design process, typically three to five years before completion of construction and occupancy. This study
is designed to identify the IDL influence on these projects in terms of the implemented energy efficiency
strategies and measures. Of particular interest were measures which would not have been implemented
without the advice of the IDL.
This study does not address market effects of the IDLs services. Such effects may occur over time as the
IDL services modify the behaviors and attitudes of design professionals, building owners, and
developers. Many of the design professionals contacted for this study reported interactions with the IDL
prior to beginning work on the 2011 sample projects. They may also have been influenced by their peers
and clients who had worked with or otherwise been influenced by the IDLs. None of the energy savings
associated with these larger market effects are captured by this study.

4
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1.2. Challenges and Limitations
The process of obtaining and corroborating the advice given by the IDLs to the project design teams is
complicated by the long time interval between when the advice was offered and the completion of
construction. Successful IDL participation is predicated on very early involvement in the design process.
For three of the four projects in the study sample, the IDLs were actively involved with the design teams
between 2006 and 2008. Consequently, recollections of the sequence of events pertaining to IDL
interactions by design team members were not always complete or consistent.
For the most part, IDL documentation of their work with the design teams was improved from the
previous NEEA-sponsored IDL study of buildings completed in 2010, however, room for improvement
remains for developing data quantifying the energy impacts of their work.
This study’s reliability was limited by the resources available to conduct a detailed engineering analysis
of energy savings. The energy simulation models were not calibrated with actual building energy use
data or end use energy data. Further, the resources available allowed for the estimation of savings for
only four projects. A larger sample would have reduced the sampling error for this study.
In summary, better IDL documentation and greater resources would have significantly improved the
reliability of the savings estimates from this study.

SBW Consulting, Inc.
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2. SAMPLE DESIGN
2.1. Defining the Study Population
The objective of the study was to examine direct impacts of the IDL on projects completed in 2011. The
NEEA program manager provided the study team with a list of projects. Discussions with NEEA resulted
in a final list of projects with NEEA savings attributed to the IDL program.

2.2. Sample Stratification
Considerable increases in sampling efficiency can be achieved by stratification on expected savings,
provided the expectation of savings and the actual savings are well correlated. However, IDL services do
not consistently include estimation of as-built savings.
Given the lack of a quantitative savings estimate, a qualitative approach was used. The IDLs were asked
to place each of their projects in one of two categories. The “Hi” savings category was defined as a
project expected to achieve electricity and natural gas savings greater than 3,500 MMBtu per year. All
other projects were classified as “Lo” savings.
The hope was that these categories would be correlated with actual savings and would improve the
efficiency of the sampling. For most of the projects, the IDL categorization was accepted. There was a
small group of projects that were categorized by the IDLs as “Hi” savings but had floor area less than
100,000 square feet. SBW reclassified these as “Lo” savings.
Table 1 shows the results of this stratification. Seven projects were placed in the “Hi” stratum and 17 in
the “Lo” stratum. The table shows the number of projects and floor area broken down by strata and
building type.

6
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Table 1: Number of Projects and Average Floor Area by Savings Strata
Savings Strata / Building Type
HI

Number of Projects

Average Floor Area

7

344,195

Inpatient Health Care (hospital/rehabilitation)

3

619,472

Education

2

115,000

Retail/Grocery

1

130,000

Warehouse

1

190,947

17

51,494

Inpatient Health Care (hospital/rehabilitation)

1

94,000

Education

8

127,845

Retail/Grocery

2

13,200

Office

3

119,470

Recreation/Community Center

2

47,031

Interpretive Center

1

14,751

24

136,865

LO

Grand Total

2.3. Sample Selection
The resources available for this study restricted the size of the sample to four projects. As the design
defined two savings strata, it was necessary to assign an equal number of sample points to each
stratum, i.e., two, so that a stratified variance could be computed for the design.
Table 2 shows the sample selection. The list of projects was sorted by savings strata. Within stratum,
SBW listed the projects in a random recruitment order. SBW then recruited projects into the study in
that order.
Each of the four sites originally sampled remained in the final sample frame. No sites required
replacement.

SBW Consulting, Inc.
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Table 2: Sample Selection
Building Type

Floor
Area

Inpatient Health Care
(hospital/rehabilitation) #1

700,000

HI

1

Yes

New hospital

Inpatient Health Care
(hospital/rehabilitation) #2

838,415

HI

2

Yes

New construction and
renovation of a hospital

8,000

LO

1

Yes

New grocery/retail

70,000

LO

2

Yes

New community college
health sciences building

Retail/Grocery
Health Sciences Classrooms

Savings
Stratum

Recruit
Order

Sampled Project Type

Table 3 shows the floor area of the sample projects by savings stratum.
Table 3: Number and Floor Area of Sample Projects
Savings Strata / Building Type

Number of Sampled Projects Average Floor Area
2

1,538,415

Inpatient Health Care (hospital/rehabilitation)

1

700,000

Inpatient Health Care (hospital/rehabilitation)

1

838,415

2

78,000

Grocery

1

8,000

Education

1

70,000

Grand Total

4

1,616,415

HI

LO
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3. METHODOLOGY
SBW followed a three-stage process for each sampled project.
 Identify specific measures incorporated into the design of the building which were the direct result

of IDL influence on the design team. SBW considered a measure to be a valid IDL influenced
measure if verified by at least one member of the design team.
 Verify that buildings did implement the identified measures for each project and that the measures

are now, or soon will be, operational.
 Conduct engineering analysis for each project to develop an estimate of project energy savings

attributed to the IDL influence.

3.1. Documenting IDL Recommendations
SBW conducted interviews with the IDL representatives who were actively involved with each of the
four projects to hear their recollection of events in their work on the project. They provided lists of
measures which were likely to have been incorporated into the final project design. The IDLs shared
documentation to support the recommendations with varying levels of detail for the projects.
IDL project documentation usually included PowerPoint presentations, design charette agendas, emails,
and daylighting and CFD studies. For three of the sample projects, the IDLs provided substantial
documentation in the form of reports and studies prepared for the design team and owners.
A prerequisite for each project in the sample is for the evaluators to have access to an energy simulation
model.

3.2. Contacting Project Design Teams
The IDLs provided introductions to the architects associated with the sampled projects. As architects
manage the project design teams and usually initiate contact with the IDL, SBW considered them as the
key members of the design team to be the first contacted for this study. The architects provided contact
information and introductions to mechanical engineers, lighting designers, and owners or property
managers.

3.3. Design Team Interviews and Verification of IDL
Influence
SBW interviewed three groups of design team members - architects, mechanical engineers, and lighting
designers. SBW also contacted owners or building operators.

SBW Consulting, Inc.
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As the design team lead, SBW interviewed the architects first. To ensure consistency in asking key
questions, discussions with the architect began with a structured interview. Appendix A includes a
sample of the architect interview questions.
SBW followed a less structured interview with the mechanical and lighting designers than those with the
architects. The primary objective was to determine whether the IDL had influenced certain measures. All
interviewees provided helpful background on the projects and the systems they designed. For all sample
sites, the design team provided detailed energy simulation models.
Ultimately, a member of the design team had to confirm that measures were the result of the IDL
involvement. In the event there was conflicting information, the evaluation team considered all
information presented and made a decision.

3.4. As-Built verification
After verification of the IDL influence, the next step was to confirm the measures were installed and
operational. SBW accomplished this confirmation in a number of ways:
 On-site building engineer – SBW contacted all site building operations staff to discuss measure

functionality.
 Utility files – For projects participating in utility energy efficiency programs, the utility’s shared

measure savings information.
 Construction documents – Construction plans and specifications provided data for modeling inputs

and confirmation of measures. SBW obtained adequate construction documents for all projects.

3.5. Utility Data
Developers for two of the projects worked with utility energy efficiency programs. The utilities shared
project files and program information. This data frequently provided additional measure information
and savings estimates.

3.6. Case-Level Savings Estimation
The evaluation team developed first-year measure savings estimates this study, or collected from utility
documents. The team then placed the measures in three categories described below.
 IDL Influenced Measures Claimed by IDL – Verified: Measures (1) identified by the IDL as being

initiated by them in their work with the design team, and (2) which were verified by one or more
members of the design team. All of the analysis done for this study was devoted to these measures.
 IDL Influenced Measures Claimed by IDL – Not Verified: Measures (1) identified by the IDL as being

initiated by them in their work with the design team, and either, (2) could not be independently

10
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confirmed by a design team member, or (3) had insufficient information to model, or (4) was
required by the code. All measures in this category had savings previously estimated by a utility.
 Other Measures Beyond Code: Measures going beyond code or standard practice which (1) were

not identified by the IDL as having been part of their discussions with the design team, and (2)
increased the energy efficiency of the project, e.g., utility funded energy efficiency measures not
claimed by the IDL.
The evaluation team used eQUEST or DOE2.2 energy simulation software to analyze the IDL verified
measure savings for this study. eQUEST software is essentially a DOE2.2 engine with a Windows
interface.
eQUEST and DOE2 are the industry standard for energy simulation software. Quality eQUEST models
were provided for this evaluation by the design teams for each building in the sample. All energy
simulation models have limitations and there are subtleties in daylighting, natural ventilation, and
thermal mass that may not be fully captured by the underlying DOE2 modeling code. Our modelers are
aware of these limitations and did their best to accurately model the IDL influenced measures.
The models reflect the as-built structures and did not capture earlier building envelope design iterations
which may have been influenced by the IDLs.
The team performed the modeling in a two-stage process:
 Baseline model: This version of the model estimates the building’s annual energy use without the

IDL measures. Model inputs for the baseline version of the IDL measures are either the minimum
requirements stipulated by state energy code under which the building was permitted or standard
practice if the energy code did not apply to the measure, e.g., daylighting controls. For the code
baseline measures, the version of the code under which the project was permitted defined model
inputs.
 As-built model: This is a modified version of the baseline model where the evaluation team has

changed inputs to estimate the annual building energy use with the IDL measures operating per the
design intent.
The as-built model accounts for interactive effects of the measures on building systems. The evaluation
team obtained the combined verified IDL measure savings for each project by subtracting the as-built
model’s annual energy use from the baseline model. Additional details on the modeling methodologies
for each project are located in the Appendix B.

SBW Consulting, Inc.
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3.7. Program Level Savings Estimation
SBW randomly selected the sampled projects from the population of projects determined by NEEA to as
completed in 2011. SBW used two methods to estimate program-level savings:
 Method 1 - Mean Savings. This method uses the mean sample savings for each stratum (kWh,

aMW, Therms and MMBtu). The evaluation team multiplied mean savings for each stratum by the
number of projects in the stratum. The team then computed the total program-level savings as the
sum of savings across the strata.
 Method 2 - Mean Savings per Square Foot of Floor Area. For this method, the evaluation team first

normalized savings by project floor area. The team then computed mean savings per square foot of
floor area for each stratum, and multiplied that normalized quantity by the total population floor
area in each stratum. The team then computed the total program-level savings as the sum of
savings across the strata.
The evaluation team computed the relative precision of the program-level savings estimates for each
method, either based on the sample properties and the observed variance in the savings or saving per
square foot, depending on the method, within each stratum.

12
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4. SAMPLE FINDINGS
4.1. Project 1: Hospital #1
This project is a hospital in Idaho, a new medical campus with buildings serving three primary functions,
(1) diagnosis and treatment, (2) an inpatient tower, and (3) a medical office building. The building permit
required compliance with the 2006 International Energy Efficiency Code. Integrated Design Lab (IDL)
collaboration with the design team began in 2006.

4.1.1. Building Information
Features of the project include:
 The 700,000 Ft

2

medical center is comprised of three major areas: a patient tower, a diagnostic and
treatment facility, and a medical office building.

 The designers chose high performance spectrally selective glazing to improve shell thermal

performance in all seasons.
 The patient tower has a run-around loop heat recovery system.
 In some areas, air cooled chillers were replaced with water-cooled chillers in the design. The chilled

water system has a water-side economizer.
 Process cooling loads are served by a separate air conditioning system with modular air-cooled

chillers with air-side economizers.
 High efficiency, distributed condensing boilers provide 110

o

F to 160oF heating water throughout

the facility.
 There are lighting system controls to support time of day and occupancy control for certain areas

and a small number of daylighting controls in perimeter corridors.

4.1.2. IDL Project Documentation
The IDL provided substantial documentation on work done early in the design process. Accordingly, the
IDL identified the measures in Table 4 below as measures proposed for the hospital design.

SBW Consulting, Inc.
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Table 4: Project 1 IDL-Identified Measures
System

Recommendation

Included in Final Design?

Shell

Spectrally selective glazing

Yes

Lighting

Solar control on Entry and
MOB atria

No

Lighting

Efficient lighting and
occupancy sensors

Partially

Mechanical

Heat recovery ventilation

Partially

Mechanical

Distributed high efficiency
boilers

Yes

Mechanical

Efficient HVAC equipment
and controls

Yes

Shell

Enhanced window shading

No

Lighting

Daylighting controls

Shell

Distributed courtyards

No

Shell

Skinny medical office
building

No

Shell

Spoked patient towers

No

Mechanical

Heat recovery and solar
DHW

No

Mechanical

Air-cooled / water-cooled
chillers

Yes

Partially

Comments

Occupancy sensors not used to
the extent originally planned

For the most part, Insufficient
information to model control
measures, VFDs required by
code.
Perimeter corridors

4.1.3. Design Team Interviews
The project architect made the following observations on working with the IDL and the project in
general.
 When asked to name the three most significant IDL-influenced energy measures in the facility’s

design, he cited high performance glazing, boilers, and controls.
 The utility provided a large rebate based on a whole building modeling approach. This influenced

the incorporation of a number of measures into the final design.
 When asked to what extent their firm’s experience with the IDL had increased the number of

energy efficiency recommendations made to their clients on a 0-10 scale, with 10 being a
significant increase in recommendations, the architect replied “9 or 10.” He added, “The IDL is a
valuable resource that increases our awareness of available energy efficiency options.”
 The architect’s firm engages regularly with the IDLs for project advice.

SBW contacted the mechanical engineer for confirmation on the mechanical system design features
developed with IDL support. A summary of his comments are below:

14
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 His firm is more aggressive than most in designing energy efficient HVAC systems. The IDL was

present during discussions of the measures, but their firm probably would have incorporated most
of the measures in the design anyway.
 The IDL played a role in securing a large incentive from the utility.
 Their firm frequently participates in training seminars offered by the IDL and expressed a high

opinion of their expertise.
 He gave credit to the IDL as advocates for energy efficiency who help communicate the benefits of

energy efficiency to the owners.

4.1.4. Utility Involvement
The electric utility provided information on the installed energy efficiency measures. Savings were
determined using an eQUEST energy simulation model developed by the mechanical design team. This
was the same model shared with the evaluators for use in this study.

4.1.5. IDL Measure Verification
The energy savings measures directly linked to IDL involvement are:
 Spectrally selective glazing
 Efficient lighting and occupancy sensors
 Heat recovery ventilation
 Distributed high efficiency boilers
 Chiller efficiency and controls
 Water-side economizer
 Water cooled chillers

The design team members verified the IDL influence for these measures. The evaluation team reviewed
the construction documents to verify measure elements pertaining to the modeling inputs and
methodology.

4.1.6. Savings Analysis
The evaluation team developed the savings for the IDL-verified measures through DOE2.2 energy
simulation software.
Savings for each IDL-influenced measure come from individual modeling runs. The total IDL-influenced
measure savings is the difference between the final pre/post interactive modeling and, consequently

SBW Consulting, Inc.
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the total project savings do not add up to the sum of the individual measure savings. The results are
below in Table 5.
The measures in the table below are grouped into three categories as defined in the Section 3.6: (1) IDL
Influenced Measures Claimed by IDL – Verified, (2) IDL Influenced Measures Claimed by IDL – Not
Verified, and (3) Other Measures Beyond Code.
Table 5: Project 1 First-Year Energy Savings
Source of Estimate

kWh

Therms

Utility
Incentive?

IDL Influenced Measures – Verified
Spectrally selective glazing,

DOE2.2 model

Efficient lighting

DOE2.2 model

Heat recovery ventilation

DOE2.2 model

Efficient boilers

54,348

21,355

Yes

524,128 (12,960)

Yes

66,944

No

DOE2.2 model

(92,218) 106,620

Yes

Chiller efficiency

DOE2.2 model

284,308

0

Yes

Water-side economizer

DOE2.2 model

37,020

0

Yes

Water cooled chillers

DOE2.2 model

995,624

0

Yes

IDL- Influenced Total

(123,848)

1,484,196 155,094

IDL Influenced Measures Claimed by IDL - Not Verified
Variable speed drives

eQUEST model

2,806,666

0

Yes

Energy management control system

eQUEST model

2,293,920

0

Yes

5,100,586

0

IDL Not Verified Total
Other Measures Beyond Code
Reflective roofs

eQUEST model
Other Measures Total

61,937
61,937

Yes
0

4.2. Project 2: Hospital #2
Project 2 is a psychiatric hospital located in Oregon, located west of the Cascade Mountains. The project
2

is a combination of new construction and major remodel, 838,415Ft. in total area. The building permit
required compliance with the 2007 Oregon Energy Code. The IDL collaboration with the design team
began in 2007.

4.2.1. Building Information
The 70,000 Ft2 health sciences building consist of science classrooms, standard classrooms, labs, a dental
clinic and offices.
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 The project was primarily new construction; about 20% of the total area was the major remodel of

a building with historical significance.
 A big driver for energy efficiency in the project was the State Energy Efficiency Design (SEED)

program which requires facilities to exceed energy code baseline by 20% in return for tax credits.
 Code normally requires a ventilation rate for inpatient areas of 6 air changes per hour (ACH) with

two of those required to be outside air. The design team requested for, and received a waiver from
the code officials to reduce the ventilation requirements to 2 ACH of outside air.
 The design included a gymnasium with daylighting control and natural ventilation.

4.2.2. IDL Project Documentation
The IDL provided a portfolio of studies and reports for the project. The subject of the reports covered a
range of topics relating to the design process and implementation of the measures:
 Design team meeting agendas
 Climate analysis report
 Expanded comfort range report
 Design criteria
 Oregon administrative rules matrix
 Oregon administrative rule design potential and rule interpretation
 SEED program documentation
 Site and building microclimate study
 Daylight analysis
 Gym wall assembly memo
 Gym control sequences
 Gym daylight analysis for skylight sizing and configuration

4.2.3. Design Team Interviews
The project architect present for the IDL discussions made the following comments in an interview
concerning the project and associated work with the Lab.
 The IDL did a lot of research and analysis. There was a lot of potential for energy efficiency

measures. Unfortunately, the design team ultimately ran into first cost resistance from the owner,
so many of the good ideas withered for lack of funding interest.

SBW Consulting, Inc.
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 A big driver for energy efficiency in the project was the State Energy Efficiency Design (SEED)

program which requires state facilities to exceed energy code baseline by 20%. SEED standards are
for non-psychiatric hospitals and the IDL worked with the state to modify the standards for this
project.
 They assessed a number of building configuration options with the IDL, including orientations and

the addition of courtyards.
 Asked to name the top three energy efficiency measures in terms of importance, he

identified fan
power reduction, daylighting and natural ventilation in the gymnasium, and operable windows
(with reduced mechanical ventilation) in the offices.

 The IDL helps quantify the outcomes of certain design decisions.
 The IDL has helped educate the firm over the years. Their firm has worked with the IDL on 15

projects over the past 5 years.
The mechanical engineer provided the following comments:
 Regarding the fan power reduction from 6 ACH to 2 ACH, he said his firm suggested the strategy

because it’s allowed in California where they also practice. This concept reduced first cost of the
project by $5.5 million. They received an Oregon code waiver on the ACH requirement.
 The IDL and architects developed the gymnasium daylighting and natural ventilation. The project

needed very little electric lighting during the day and the natural ventilation works well. There is no
mechanical air conditioning or ductwork. Ceiling-hung units provide heating in the winter.
 The IDL helped with building orientation, courtyards, site use, and space comfort analyses.

of the 150,000 Ft2 have operable restored
windows that provide natural ventilation. New chilled beams provide mechanical air conditioning
when needed.

 In the remodeled office building, about 20,000 Ft

2

The lighting designer reported that he worked with the IDL on using daylight in the open office areas of
the existing building, although opportunities for daylighting were limited due to the historical building
status. The IDL did not work as closely with him on this project as they have on others because “there
just weren’t as many opportunities for ESBL to shine.” He considers the IDL personnel to be very capable
and helpful.

4.2.4. Utility Involvement
There was no utility efficiency program involvement with this project.
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4.2.5. IDL Measure Verification
The energy savings measures directly linked to IDL involvement are listed below.
 Fan power reduction
 Naturally ventilated gymnasium (no mechanical cooling)
 Reduced office ventilation
 Daylighting controls in gymnasium and office building

The design team members and the facility director verified the IDL influence for these measures. SBW
reviewed the construction documents to verify measure elements pertaining to the modeling inputs and
methodology.

4.2.6. Savings Analysis
The evaluation team developed the savings for the IDL-verified measures through DOE2.2 energy
simulation software. The design team provided the evaluation team with a model used for documenting
SEED compliance.
Savings for each IDL-influenced measure come from individual modeling runs. The total IDL-influenced
measure savings is the difference between the final pre/post interactive modeling and, consequently
the total project savings do not add up to the sum of the individual measure savings. The results are
below in Table 6.
The measures in the table below are grouped into three categories as defined in the Section 3.6: (1) IDL
Influenced Measures Claimed by IDL – Verified, (2) IDL Influenced Measures Claimed by IDL – Not
Verified, and (3) Other Measures Beyond Code.

SBW Consulting, Inc.
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Table 6: Project 2 First-Year Energy Savings
Source of Estimate

kWh

Therms

Utility
Incentive?

IDL Influenced Measures – Verified
Fan power reduction

DOE2.2 model

2,214,123

190,085

No

Gym natural ventilation

DOE2.2 model

30,613

57

No

Office ventilation reduction

DOE2.2 model

8,228

1,092

No

Daylighting

DOE2.2 model

78,158

(319)

No

2,315,100

191,321

IDL- Influenced Total
IDL Influenced Measures Claimed by IDL - Not
Verified
None
IDL Not Verified Total
Other Measures Beyond Code
None
Other Measures Total

4.3. Project 3: Grocery
2

Project 3 is 9,000 Ft. grocery store located in central Montana. Work with the IDL began in April 2010.
The building permit required compliance with the 2006 IECC. The building became occupied in 2011.

4.3.1. Building Information
Features of the building include:
 The existence of a small grocery store with a central retail area, refrigerated cases in some of the

perimeter spaces, and a stock room.
 Two large Kalwall panels and six skylights provide daylighting from a raised roof section for the

central retail area of the store. The designers placed these panels high on the exterior walls to
permit daylight to reach deeper into the space.
 Some exterior wall sections have Kalwall panels for additional daylighting.
 There is zoned daylighting control in the central retail area.
 The building design includes a photovoltaic array that the facility has not yet installed.
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4.3.2. IDL Project Documentation
The IDL staff confirmed their role in advising the design team on daylighting and provided introductions
to the project architects and the engineer who modeled the building.
The IDL study provided three different roof options for daylighting and two studies of the elevations.
They modeled six glazing options and several electric lighting configurations.

4.3.3. Design Team Interviews
The two architects who worked with the IDL made the following comments in an interview regarding the
project and their work with the Lab.


Daylighting. The design goal was to use as little electrical lighting as possible and have the store
nearly completely lit by daylight during daylight hours. The IDL assisted in this analysis which
resulted in the following design features:


Translucent perimeter wall windows. The design team explored several options and they
selected Kalwall.



The roof features a roof monitors with an opaque south face (for PV modules) and translucent
north face using Kalwall.



There are six operable skylights adjacent to the Kalwall panels on the roof.

 The IDL assisted in balancing the interior lighting with the natural lighting and designing zoned

controls for partial lighting activation according to daylight penetration.
 The IDL contributed to the building energy analysis and determined how many roof top PV panels

the project needed to offset the annual electric lighting load.
 Per the principal architect, “We would be in a world of hurt without the IDL. Our awareness and

high use of this resource is probably unusual.”
 The LEED process has not yet been completed, but may be at a later date. They did not do

commissioning, but they may still do this. The lighting system may not be properly calibrated since
it was not commissioned. (Store opening was rushed and opened late due to a bad winter for
construction.)

4.3.4. Utility Involvement
There was no utility efficiency program involvement with this project.

SBW Consulting, Inc.
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4.3.5. IDL Measure Verification
The energy savings measures directly linked to IDL involvement are:
 Reduced lighting power density
 Daylighting controls

SBW established IDL influence first through discussions with the architects. Following that, a
conversation with the owner and review of construction documents confirmed measure specifics and
functionality.

4.3.6. Savings Analysis
Savings for the IDL claimed and verified measures were modeled using eQUEST building energy
simulation software. The project design team originally developed the model.
Savings for each IDL-influenced measure come from individual modeling runs. The total IDL-influenced
measure savings is the difference between the final pre/post interactive modeling and, consequently
the total project savings do not add up to the sum of the individual measure savings. The results are
below in Table 7.
The measures in the table below are grouped into three categories as defined in the Section 3.6: (1) IDL
Influenced Measures Claimed by IDL – Verified, (2) IDL Influenced Measures Claimed by IDL – Not
Verified, and (3) Other Measures Beyond Code.
Table 7: Project 3 First-Year Energy Savings
Source of Estimate

kWh

Therms

Utility
Incentive?

IDL Influenced Measures – Verified
Lighting

eQUEST model

5,914

(538)

No

Daylighting control

eQUEST model

12,644

(54)

No

23,623

(651)

IDL- Influenced Total
IDL Influenced Measures Claimed by IDL - Not Verified
None
IDL Not Verified Total
Other Measures Beyond Code
None
Other Measures Total
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4.4. Project 4: Community College
Project 4 is a new health sciences building at a community college in western Oregon. The building
permit required compliance with the 2007 Oregon Energy Code. The IDL collaboration with design team
began in 2008.

4.4.1. Building Information
Features of the health sciences classroom building are described below:
 The 70,000 Ft

2

building is comprised of standard classrooms, science classrooms, labs, a dental
clinic, and offices.

 Most of the building does not have mechanical air conditioning. An efficient 50 Ton chiller provides

process cooling and a minor amount of space conditioning.
 There is heat recovery ventilation and a radiant zonal hydronic heating system.
 In the future, project could use the hydronic system for chilled water.
 The project accomplished passive cooling by a combination of turbine ventilators drawing air

through the building, high building mass, and shading. Factors contributing to this measure are:


The project expanded occupant comfort range by 5oF, from 78oF to 83oF.



There is little carpeting in the building, which allows internal heat gains to be absorbed into the
building mass.



Air circulating through the building has an evaporative cooling effect on the occupants.



Night flushing uses the thermal mass to pre-cool the building.



The building shell is highly insulated and has exceptionally low outside air infiltration.

 The building was designed to maximize daylighting potential through the following features:



A large central skylight with sloping reflectors and a sloping ceiling.
The skylights are electrochromic, designed to darken or lighten in response to ambient light, and
maintain consistent lighting levels inside the building.



Interior materials selection was subject to reflectance standards.



Exterior fixed louvers function (silver bottom, white top) as both sun shades and light shelves.



Clerestory light shafts for first floor classrooms provide daylight into interior zones.

 There is daylighting photocell control of the electric lighting.

SBW Consulting, Inc.
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4.4.2. IDL Project Documentation
The IDL provided a portfolio of studies and reports for the project. The subject of the reports covered a
range of topics relating to the design and implementation of the measures:
 CFD modeling and analysis
 Daylight distribution and shading analysis
 Exterior wall assemblies study
 Roof ventilator product comparisons
 Wind speed correlation for CFD analysis
 Exterior louver angle and reflectivity analyses

4.4.3. Design Team Interviews
Design team members commented on their work with regard to the measures and their collaboration
with the IDL.
SBW interviewed the principal architect on the project, who had the following comments:
 There was no active cooling system. They worked carefully on thermal mass and heat gain

concerns.
 By increasing the thermal mass, they cut the number of turbines needed for night flushing of the

building in half.
 They have mostly linoleum or ceramic tile floors; carpet is an insulator.
 Every interior color that they picked went through a reflectance analysis.
 Because of noise concerns, the heat recovery units for all ventilation air are not located in the

classrooms, but rather in the corridor ceiling. This involved significant coordination on fitting these
units into the corridor ceiling.
 The exterior wall assembly includes a metal sandwich panel with a high insulation R-Value and a

low infiltration rate.
 The ESBL played a key role in window operating system modeling. His firm is using this window

operating system in another project right now.
 Regarding studying the building envelope and thermal mass. They were striving for R-30 walls and

R-60 roofs. They went through a long process to get there; the walls came out to be R-27, and the
roof averages R-60. This combined effort made a huge difference in infiltration and heat gain. The
ESBL played a key role in this, and, now the building is occupied and has proven to perform well. In
addition, the ESBL studies recommended the use of two different glass types, depending on
whether windows were shaded or not.
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 The building does not have an ideal orientation.
 The approach to daylighting utilizes a large central skylight with a sloping reflector and sloping

ceiling. His firm has done this on a half dozen projects in collaboration with ESBL for single story
buildings. On this two-story project, they did this on the upper floor with clearstory connection to
the ground floor with light shaft. This daylighting was a very crucial part of the design approach and
the ESBL played a key role in developing this.
 Tremendous ESBL credit is due for selection of the second floor skylights. They used Sage brand

glass that tints with change in electric charge. The skylight used is big enough to capture daylight in
the early morning and late afternoon hours of winter. They can reduce light transmission in a bright
sunny sky or in summer months. They were shooting for 25 to 45 foot-candles of interior
daylighting. His firm worked with the lab to sample various color combinations of glass, since the
original grey tint was unsatisfactory. In addition, the lab helped to work on glass control settings
with the manufacturer.
 The utility rebates were a very important consideration in the implementation of the measures.
 The architect gave a great deal of credit to the IDL for the measures and indicated that, without the

Lab’s help, it is unlikely the measures would have made it into the design. Referring to the
electrochromic skylights, “they (the IDL) plowed new ground for us.”
 The Lab has made a big difference in the number of energy efficient recommendations made to

their clients. Although actual use of the lab is infrequent, they applied the knowledge gained from
the projects they do work on to many other projects. The Lab’s overall influence on their practice is
enormous.
 The Labs have been setting new standards and breaking ground together with their firm.

The mechanical engineer provided the following comments:
 ESBL’s role was largely to help review the thermal comfort analysis and modeling. The ESBL analysis

affected the architectural design more than mechanical.
 Specifically, the ESBL worked with them on the following:


Shades and shading type



Type of windows



Skylights



The number of turbine ventilators on the roof



Type and location of the heat recovery units



How much mass was needed in the space for natural ventilation. They used a relatively new
phase change wallboard product called PCM. The wallboard has a gel package included with it

SBW Consulting, Inc.
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that changes from solid to liquid phase with the temperature variation. This helps increase the
building’s heat mass effect and improve the effectiveness of natural ventilation.
 The ESBL also worked in the role of peer reviewer for the work they were doing.
 In summary, the ESBL was a part of a teamed approach to the project design. Perhaps they helped

to cross check and analyze concepts and options more than they were necessarily the sole
originator of the several efficiency improvement ideas incorporated into the design.
The lighting engineer provided the following comments:
 ESBL and his firm both ran lighting models for this project. The ESBL did physical models while his

firm did virtual modeling. Both helped to dial into the space daylighting issues. The parallel
collaborative approach really worked out well in his view.
 While doing this parallel daylighting work with ESBL, his firm also looked at how the electrical

lighting worked out best. The architect worked with ESBL on the size of the daylighting reflector,
while his firm worked on the electric lighting integration with this feature.
 His firm did all of the lighting controls and worked with ESBL and the architect on the control set

points according to the surface finish characteristics in the rooms.
 They also have occupancy sensors in the design, but only discussed these with ESBL regarding the

SAGE skylighting system. They abandoned the idea of coordinating with the SAGE skylight tint
setting due to slow response time of the SAGE glass.
 ESBL and his firm also worked closely with the mechanical engineers on thermal comfort issues for

this project relating to lighting options.

4.4.4. Utility Involvement
The electric utility provided four custom incentives for the project:
 Low flow service hot water system (automatic faucet valves)
 High efficiency chiller
 Passive cooling with heat recovery ventilation and zonal hydronic heating
 Improved interior lighting system

The utility used the results from the eQUEST model provided by the design team to calculate savings.
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4.4.5. IDL Measure Verification
The IDL claimed and verified energy savings measures were:
 Building envelope and thermal mass
 Daylighting
 Skylights
 Mechanical equipment

The design team members and the facility director verified the IDL influence for these measures. SBW
reviewed the construction documents to verify measure elements pertaining to the modeling inputs and
methodology.

4.4.6. Savings Analysis
Savings for the IDL claimed and verified measures were modeled using eQUEST building energy
simulation software.
Savings for each IDL-influenced measure come from individual modeling runs. The total IDL-influenced
measure savings is the difference between the final pre/post interactive modeling and, consequently
the total project savings do not add up to the sum of the individual measure savings. The results are
below in Table 8.
The measures in the table below are grouped into three categories as defined in the Section 3.6: (1) IDL
Influenced Measures Claimed by IDL – Verified, (2) IDL Influenced Measures Claimed by IDL – Not
Verified, and (3) Other Measures Beyond Code.
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Table 8: Project 4 First-Year Energy Savings
Therms

Utility
Incentive?

Source of Estimate

kWh

Envelope

eQUEST model

15,044

1601

No

Daylighting control

eQUEST model

35,329

(332)

Yes

Skylights

eQUEST model

-1,485

1852

No

Mechanical equipment

eQUEST model

45,552

5798

Yes

IDL Influenced Measures – Confirmed

IDL- Influenced Total

87,400

10,395

IDL Influenced Measures Claimed by IDL - Not Verified
None
IDL – Not Verified
Other Measures Beyond Code
Low flow plumbing

eQUEST model

0

424

Yes

High efficiency chiller

eQUEST model

3,700

0

Yes

3,700

424

Other Total
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5. PROGRAM-LEVEL FINDINGS
SBW randomly selected the sampled projects, described in Section 4, from the population of projects
determined by NEEA as completed in 2011. As described in Section 2, SBW used a stratified random
sample design. Two projects were selected from the stratum of High (Hi) savings projects and two were
selected from the stratum of Low (Lo) savings projects. The stratum membership of each of the projects
is in Table 9. Also shown in that table is the floor area and probability of selection for each of these
projects, along with the estimate of kWh and Therms savings for the IDL influenced measures (whose
influence SBW verified). Total energy savings is as below, expressed in units of MMBtu.
Table 9: Project Level Findings - IDL Influenced Measures - Verified
First-Year Annual Energy Savings
Project

Project Type

Stratum

Floor
Area

Probability
of Selection

kWh

Therms

MMBtu

Project 1

New Hospital

Hi

700,000

0.29

1,484,196

155,094

20,575

Project 2

New/Remodel Hospital

Hi

838,415

0.29

2,315,100

191,321

27,034

Project 3

New Grocery

Lo

8,000

0.12

23,623

(651)

16

Project 4

New College

Lo

70,000

0.12

87,400

10,395

1,338

3,910,319

356,159

48,962

Total

1,616,415

Two methods were used to estimate program-level savings, i.e., savings for the entire population of
2011 projects.
 Method 1 - Mean Savings. The first step in using this method is to compute the mean sample

savings for each stratum (kWh, Therms and MMBtu). Next, the evaluation team multiplied the
mean savings for each stratum by the number of projects in the stratum. Finally, the team summed
the savings across the strata.
 Method 2 - Mean Savings per Square Foot of Floor Area. The first step in this method is to divide

the savings for each sampled project by its floor area. Next, the evaluation team computed the
mean savings per square foot of floor area for each stratum. The team then multiplied the mean
savings per square foot for each stratum by the total population floor area in each stratum. Finally,
the team summed the savings across the strata.
Table 10 shows the intermediate total and mean quantities required by each of these methods.
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Table 10: Stratum Average and Total Quantities
kWh Savings

Stratum Projects

Floor Area
(Square Feet)

Therms Savings

Mean

Mean kWh /
Square Foot

MMBtu Savings

Mean

Mean Therms /
Square Foot

Mean

Mean MMBtu /
Square Foot

Hi

7

2,409,362

1,899,648

2.44

173,208

0.22

23,804

0.031

Lo

17

875,404

55,512

2.10

4,872

0.03

677

0.011

Table 11 shows the results of applying these two methods to the sample. It also provides an estimate of
the relative precision of the program-level savings estimate. SBW derived relative precision from
properties of the sample and the observed variance in the savings or the savings per square foot of floor
area, depending on the method, within each stratum. In Table 11, SBW computed the relative precision
estimates for a confidence level of 90%. For example, the table shows that with 90% confidence, the
program-level savings fall within +/- 37% of 83,467 MMBtu.
Table 11 shows the results of the two savings estimation methods. The floor area normalized estimate
provides the more precise estimate of program-level savings. The large difference in savings between
the two methods is caused by the two randomly selected projects in the Hi stratum having significantly
larger floor area than the rest of projects in that stratum. Among the four sampled projects this study,
project savings strongly correlate with the floor area with R2 values of 0.97 and 0.99 for kWh and
therms, respectively. As a result, the savings for the Hi stratum are outliers, and by correlation are not
representative of savings of the population. Thus, the results of the stratum-weighted savings estimate
skewed much larger than the floor area normalized estimate.
Table 11: First-Year Program-Level Savings and Relative Precision by Estimation Method
Method 1 - Mean Savings
Total Savings Relative Precision
kWh

Method 2 - Mean Savings / Floor Area
Total Savings

Relative Precision

14,241,232

0.29

7,719,706

0.40

1.63

0.29

0.88

0.40

Therms

1,295,277

0.18

571,194

0.72

MMBtu

178,133

0.20

83,467

0.37

aMW
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6. CONCLUSIONS AND RECOMMENDATIONS
6.1. Conclusions
The conclusions drawn from this study are:
 The IDL’s work with the regional design community produces significant energy savings. Of the total

energy savings, electrical savings comprise 32% and natural gas savings 68%.
 Interviews with architects consistently indicate significant spillover of IDL influence through the

application of design concepts developed in earlier IDL projects to subsequent non-IDL projects.
 The IDLs have a high profile in the design community, which recognized the IDLs for promoting best

practice design. Architects report they rely on the IDLs to keep them on the cutting edge of energy
efficiency design practices.
 IDL work with the four evaluation sample sites began with the IDLs under a previous NEEA contract

agreement that did not require IDL documentation of energy impacts. Consequently, none of the
sample projects had isolated energy simulation model savings solely for IDL influenced measures.
 NEEA/IDLs can improve IDL project documentation practices from the standpoint of energy savings

measure documentation. Occasional complications to SBW’s research on the IDL influenced
measures for the sample projects was due to the lack of documentation on when and how advice
was provided by the IDL to the design team. This increases the results’ uncertainty of this study.
 For the study sample, there is an average of almost four years between the beginning of IDL activity

on the project and the completion of construction. This time lag appears to contribute to the IDL
staff not always receiving feedback on which of their contributions to the design was included in
the constructed building.
 For this study, SBW does not consider design features to be subject to IDL influence if the energy

code in force requires the design features upon permit approval. The state or IECC updates the
energy codes in approximately three-year cycles. With project development timelines as long as
five years, a measure recommended by the IDL early in the design process not required by code,
may be required by code at the time of permitting. The rationale for disallowing the eligibility of
such measures for this study is that uncertainty remain - had the measure not been required by
code, it could have been dropped later in the design process. There was at least one such measure
in this study.
 Design team members report the IDL presence in design review discussions with owners has a

positive influence on owner’s understanding and approval of energy efficiency measures. This
suggests the IDL presence improves communication on the benefits of sustainable and energy
efficient design.
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6.2. Recommendations
The following recommendations should improve the reliability of future evaluations of IDL direct
savings. These recommendations may overlap somewhat with changes already implemented in 2012 by
NEEA based on recommendations in the previous IDL savings verification evaluation 2011.
 Systematically document IDL contributions to the design process. This system should capture

evidence (reports, meeting notes, e-mail, presentations, and personal log entries) of who gave the
advice (and when), and who received the advice.
 Building energy simulation models are the means by which the IDL program can document the

energy impact of their design assistance work. To that end:


Routinely do building energy simulation models for larger projects coming through the Labs.
Design teams usually produce energy models for a variety of reasons. IDLs can modify copies of
these models to isolate the measures that represent their influence on the project. If the IDLs
prefer to use a different simulation software, that could be done as well.



IDL design assistance services begin early in the design process. After the building is
constructed, the IDLs may not be aware of which measures survived the latter stages of design
and value engineering. SBW recommends a routine design team follow-up that documents the
installation and functionality of IDL-recommended measures in the constructed building.



After building occupancy and IDL influenced measure verification is complete, do a final true-up
of the simulation model calibrated to utility billing records.



Models obtained for this study use a code baseline model of the constructed building. If an IDL
influenced the change of an early design iteration of the building such as envelope shape, they
could create a baseline model of that earlier building design to demonstrate their influence on
the final building. This would probably require a multiple model, rolling baseline approach to
modeling that captures where the building was in the design process when a particular IDL
influenced measure occurred.



eQUEST is the current industry standard for simulation software and, though every simulation
program has its challenges, should remain the tool of choice for the present. As mentioned
above, the IDLs could independently develop models with alternative simulation software such
as EnergyPlus that could be used in future evaluations.

 Architects consistently report spillover of IDL design concepts into subsequent projects.

Quantification of spillover market effects in a future impact evaluation may show substantial
additional program savings.
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7.2. Appendix B – Measure Evaluation Methodologies
7.2.1. Project 1: Hospital #1
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7.2.2. Project 2: Hospital #2
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7.2.3. Project 3: Grocery
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7.2.4. Project 4: Community College
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