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PREFACE
The California Energy Commission Public Interest Energy Research (PIER) Program supports
public interest energy research and development that will help improve the quality of life in
California by bringing environmentally safe, affordable, and reliable energy services and
products to the marketplace.
The PIER Program conducts public interest research, development, and demonstration (RD&D)
projects to benefit California.
The PIER Program strives to conduct the most promising public interest energy research by
partnering with RD&D entities, including individuals, businesses, utilities, and public or
private research institutions.
PIER funding efforts are focused on the following RD&D program areas:


Buildings End-Use Energy Efficiency



Energy Innovations Small Grants



Energy-Related Environmental Research



Energy Systems Integration



Environmentally Preferred Advanced Generation



Industrial/Agricultural/Water End-Use Energy Efficiency



Renewable Energy Technologies



Transportation

CASE-Quality Demonstration Program: Program Manual is the interim report for the CASE-Q DP
project (Grant Agreement # PIR-12-027) conducted by California Lighting Technology Center at
UC Davis. The information from this project contributes to PIER’s Buildings End-Use Energy
Efficiency Program. For more information about the PIER Program, please visit the Energy
Commission’s website at www.energy.ca.gov/research/ or contact the Energy Commission at
916-654-4878.
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ABSTRACT
The Codes and Standards Enhancement-Quality Demonstration Program (CASE-Q DP)
supports demonstration of energy-efficient building technology in order to more usefully
inform California codes and standards activities. The CASE-Q DP bridges the gap between
small, pilot scale technology demonstrations and broad, market transformation programs
currently supported by the Energy Commission and others. Assessments conducted under this
program produce complete and detailed technology reports that may be used by the Energy
Commission, utilities and other stakeholders as part of their Codes and Standards Enhancement
initiatives. The CASE-Q DP is a sustaining, Energy Commission program that optimizes and
leverages its funding to support technology development and Codes and Standards (C&S)
enhancements.
The guidelines and procedures contained in this Program Manual are intended for use by any
project team wishing to conduct a robust and well-documented technology demonstration. In
addition to providing this resource, the CASE-QD P directly supports identification, selection,
installation and performance assessments of energy-efficient building technologies ready for
current or near-term inclusion in California C&S initiatives. Projects conducted through this
Program adhere to the procedures and guidelines contained in this Program Manual.

Keywords: California Energy Commission, demonstration, program manual, guide, guidelines,
report, site assessment, monitoring and verification, host site, codes and standards, CLTC,
WCEC, energy analysis, energy-use, baseline, pre-retrofit, post-retrofit, electricity use, gas use,
water use

Please use the following citation for this report:
Arani, Pedram, Cori Jackson, Michael Siminovitch. California Lighting Technology Center.
2014. CASE-Q DP Program Manual. California Energy Commission. Publication
number: CEC-XXX-XXXX-XXX.
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Chapter 1 CASE-Quality Demonstration Program
The Codes and Standards Enhancement – Quality Demonstration Program (CASE-Q DP or
Program) supports demonstration of energy-efficient building technology in order to usefully
inform California codes and standards (C&S) activities. The CASE-Q DP bridges the gap
between small, pilot scale technology demonstrations and broad, market transformation
programs currently supported by the Energy Commission and others. Assessments conducted
under this program produce complete and detailed technology reports that may be used by the
Energy Commission, utilities and other stakeholders as part of their Codes and Standards
Enhancement initiatives (CASE). The CASE-Q DP optimizes and leverages its funding to
support technology development and C&S enhancements.
The guidelines and procedures contained in this Program Manual can be used by any project
team in need of information on how to conduct a robust and well-documented technology
demonstration. In addition to providing this resource, the CASE-Q DP directly supports
identification, selection, installation and performance assessments of energy-efficient building
technologies ready for current or near-term inclusion in California C&S initiatives. Projects
conducted through this Program adhere to the procedures and guidelines contained in this
Program Manual.

Figure 1: Research, Demonstration and Commercialization Pipeline

Program Objectives
The principal objectives of this Program are to support evaluation of emerging technology with
the potential to improve the efficiency and performance of California buildings and appliances.
This Program Manual describes the Program and provides methods and procedures necessary
to conduct meaningful technology assessments that usefully inform C&S activities. This
Program Manual serves these objectives by:



Providing consistent methods and procedures for conducting technology
demonstrations to ensure quality and useful demonstration results
Providing standard requirements and templates for reporting outcomes that are
synchronized to the needs of the codes and standards process.

The Program funds a variety of technology and design best-practice demonstrations. Each
demonstration must follow a well-defined format to ensure project outcomes are well
supported, well documented and useful for future C&S enhancement activities, if needed. The
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following sections of this chapter provide information that should be considered and a structure
that should be followed for any demonstration conducted as part of the Program. In addition,
this information provides a useful guide for others who wish to conduct a demonstration
project that will deliver meaningful, comparative information on a technology’s performance
and market impacts.

General Approach
The majority of projects conducted under the Program will proceed as a retrofit or alteration of
an existing space to accommodate and demonstrate a new product or practice. The general
approach for this type of demonstration project, therefore, is based on in-situ measurement and
verification (M&V) of the baseline conditions and systems, followed by post-retrofit evaluations
of the demonstration technology. Outcomes are used to calculate resource savings and
document other performance attributes.
Projects conducted as part of the Program, or in accordance with its procedures, follow a
general approach beginning with identification of demonstration technologies and sites, and
ending with reporting demonstration outcomes. There are six major components of a
technology demonstration project, in addition to technology installation at the host site. These
major Program components are detailed in Figure 2: General Approach for a CASE-Q
demonstration project. Each of these components is discussed in detail in Chapter 3 and
Chapter 4.

Figure 2: General Approach for a CASE-Q demonstration project

Program Administration
The CASE-Q DP Program is funded by the Energy Commission’s Public Interest Energy
Research program (PIER). The CASE-Q DP is managed by the California Lighting Technology
Center, University of California, Davis. Partners include the Western Cooling Efficiency Center
at UC Davis, Southern California Edison, ICF International and New Buildings Institute.
Program funding for the 2014-2017 cycle is fully earmarked for program development and
technology demonstrations. Inquiries regarding future CASE-Q DP opportunities may be
directed to the PIER Program Manager or authors of this document.
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Chapter 2 Market and Economic Analysis
Market and economic analysis is a key element of any technology demonstration project. By
understanding the market, Program participants can more effectively estimate the savings
impacts of a demonstration measure. Economic analysis is often dependent on information
gleaned during the market assessment, and this analysis is revisited during post-retrofit project
and reporting activities. The following sections describe the reasons for and types of
information to consider during a market and economic assessment of potential or selected
demonstration technologies. When conducted at the earliest stages of a demonstration project,
these analyses can often help focus selection of individual technologies, host sites, or other
project parameters, to ensure the most impactful outcomes.

Market Analysis
Market analysis is necessary to understand, segment and quantify the building or appliance
sector served by a potential or selected demonstration technology. Market analysis is also useful
to define market opportunities and assess the potential benefits of adopting particular
technologies or services. This type of market information is useful for two reasons. Market
information is necessary to accurately quantify the total potential energy and cost impacts of the
demonstration technology. The size of the affected market will help determine if a particular
technology or practice should be considered for future codes and standards enhancement
measures. Technology with the potential for significant energy or other resource savings is
considered a priority during C&S enhancement activities.

Market Size
Market size is an important consideration for any technology demonstration project. Energy
and other resource-use estimates are often based on market size. The size of building and
appliance markets can often be established from existing reports provided by government
agencies, consulting firms, or utilities. Reports detailing the energy use of various technologies
are available through the U.S. Department of Energy (DOE), for example. In addition to federal
agencies, the California State government’s various state agencies (Energy Commission, CPUC,
etc.) release annual resource-use estimates of various building technologies and sectors
including estimates of electricity, gas and water use. Information may include metrics like
hours-of-use, use intensity, climate data, and Time Dependent Valuation (TDV) of resources.
Once applicable reports are obtained, the market resource use, often disaggregated by various
sectors, can be quantified. The more information that can be reviewed about the affected market
segments, the better the demonstration report.
The market for compact fluorescent lamps in commercial applications has been estimated by a
number of different organizations. U.S. DOE published a report titled Lighting Market
Characterization. This report identifies the type, energy consumption, and quantity of light
sources installed in the U.S. This data can be further segmented into various lighting
applications that fall within the commercial sector, such as: office, retail, and education.
10

Data Segmentation
Market data must often be segmented into subsets specific to the particular industry or end-use
application served by the demonstration technology. This can be as simple as identifying which
products are available in the California market, and determining their efficiency and other
related characteristics. Depending on the product, the metrics of importance will vary, however,
three general types of metrics apply to most technologies: service delivered (examples: light
output, cooling capacity), product efficiency/efficacy (luminaire efficacy), and cost.
Approximately 16% of residential kitchens in the United States utilize incandescent reflector
lamps. The majority of products are offered by large manufacturers with national distribution
channels. A product survey reveals multiple brands, product lines and product options. As
products are identified, they are catalogued and important characteristics noted. These lamps
could be categorized by their amount of light output, source efficacy (light output / wattage of the
lamp), and retail product cost1.
Market data may also require additional discretization in order to make sure similar products
are being considered and compared during the analysis phase of the demonstration project.
Product discretization can be accomplished by grouping products that have similar work
capacity or other performance characteristics. Once grouped, each segment is often further
segmented by efficiency or efficacy. This type of analysis is necessary to ensure the market
opportunity is properly characterized and the benefits of a particular technology demonstration
are accurately documented as compared to other existing products, design practices, or base
cases.
Historically, high intensity discharge (HID) lamps were utilized in outdoor applications because
they were the most efficacious light source for producing large quantities of light. One of the most
efficient HID light sources is the low pressure sodium lamp (LPS), which produces light in a very
narrow spectrum of wavelengths with a yellow hue. If we did not consider quality of the LPS
light, the source would appear to be a great energy-efficient alternative to incandescent lamps.
However, by understanding the amount and quality of the light produced by the LPS lamp, we
are able to avoid the pitfall of comparing this product to an incandescent, which is a source used
for high CRI (high color quality) applications.

Economic Analysis
Economic analysis is important throughout the CASE-Q DP process. Planning activities,
including calculation of expected resource and cost savings, will provide justification for
demonstration funding, help determine the overall scope of activities, and assist stakeholders
with preliminary indicators that could affect a technology’s inclusion in related C&S efforts.
1

U.S. Department of Energy, Energy Efficiency and Renewable Energy, “2010 Lighting Market
Characterization. “January 2012.
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Post-retrofit analysis is absolutely critical to compare estimated to actual performance, quantify
the potential cost and resource impacts of the demonstrated technology; and provide evidence
to support current or future C&S measures.

Life-Cycle Cost Analysis
Demonstration projects should include a life-cycle cost analysis (LCA). This type of analysis
estimates the total cost of ownership for a technology or system over its useful life. Life-cycle
costs include purchase costs, installation costs, operation costs, maintenance costs and disposal
costs. The life-cycle cost of the demonstration system is compared to the life-cycle cost of the
incumbent system in order to determine the overall value of the measure based on life-cycle
attributes. This includes costs of







Materials
Installation
Resource Use
Maintenance
Replacement
Salvage value

Demonstration projects should include three versions of life-cycle cost analysis. An estimate of
the general (non-site specific) life-cycle cost should be completed prior to or in parallel with site
selection. This analysis will be based on typical, sector-specific and historical cost estimates. A
second life-cycle cost analysis should be conducted after a demonstration site is selected. The
second analysis will include modified assumptions based on site-specific costs and operating
conditions. A third analysis should be conducted after the post-retrofit M&V process is
complete, in order to update the site-specific LCA to reflect actual, in-situ performance.

Types of Life-Cycle Costs
Adoption of new technology often requires replacement of existing products. The total cost of
any project requires the consideration a variety of factors over the life of the product, not just
the initial cost of the new product itself. Six types of costs should be considered and included in
the program LCA.
Materials
Material costs are often highly variable due to distribution cost mark-ups, volume pricing and
other bargaining agreements. Material costs documented in a technology demonstration project
report should be representative of the costs for the affected market sector served by the
demonstration technology. Often, demonstration projects are small in scale and material costs
are elevated due to lack of volume or other discounts often associated with larger-scale projects.
While actual demonstration-project cost information is accurate, it is also useful to provide
estimated cost information for the demonstration technology when installed in larger, full-scale
new construction or renovation projects. It is important to provide the expected cost to the
consumer or end-user in the target market sector.
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Installation
Much like material or product costs, installation costs are highly variable and are both site and
sector dependent. Installation costs can be categorized as either contractor-installed or siteinstalled. Installation costs often do not include material costs, building permits, or disposal fees.
Site-specific installation cost dependencies may be associated with site access limitations, hours
of operation, safety requirements and regional prevailing wage rates. In addition, small retrofit
projects will often have a higher per-unit installation cost than larger projects. Thus, project size
must be considered and included in any installation-cost documentation.
Lighting retrofits completed at a building with asbestos may result in additional costs associated
with asbestos removal. These costs may not be representative of the chosen market segment, and
therefore these costs should be separately documented, apart from the calculated cost of a typical
installation.
Demonstration projects often include novel or emerging technology with which the installation
contractor or site personnel have little or no experience. In these cases, an accurate installationcost is hard to estimate in advance, and it is often better to base the assessment on the actual
project installation costs. Installation costs are often estimated based on personnel pay rates and
work time estimates; however, these estimates should be reevaluated after completion of the
actual demonstration project. In addition, demonstration teams should investigate if there are
certified contractors with special training, skills, or experience with installation of particular
products/systems to reduce contingency markups, reduce installation time, and minimize
installation costs.
Any installation cost estimates or documentation should include a total project installation cost
and a per-unit product installation cost, if applicable. Typical per-unit cost metrics include costper-product installed or cost-per-area of project. Costs for atypical installation requirements
should be separated from the base installation cost and recorded.
Resource Use
Any technology demonstration project will include resource costs. Examples of resources are
electricity, water and natural gas. Resource costs can often be variable and based on time-ofday, season or consumption volume. Demonstration products consume resources, and the cost
of consumption must be calculated and included in project documentation. Often, resource-cost
savings is the primary driver behind adoption of an emerging technology; therefore, any
variance between existing/current technology resource-use and demonstration technology
resource-use should be detailed and explained. For many applications and technologies, the use
of the Energy Commission’s Time Dependent Valuation (TDV) methodology is recommended
when calculating and documented resource costs. Procedures for developing, conducting and
documenting energy demand and savings from an energy conservation measure (ECM) are
provided in Chapters 3-5.
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Maintenance
Maintenance costs are a very important part of any technology demonstration and should be
accurately quantified and documented. Proper maintenance-cost calculations are often more
complex than installation and materials-cost calculations because they are based on multiple
other types of costs as well as the estimated performance/life cycle of the demonstration
technology. Additionally, the type of maintenance personnel, contractors or on-site staff utilized
effect the overall maintenance cost.
In general, there are two kinds of maintenance - preventative and emergency. Preventative
maintenance occurs at set time periods or after a certain number of usage hours. Emergency
maintenance is conducted when there is a fault or failure that requires repair in order for the
unit to continue operation. Some end-users pay companies to handle one or both kinds of
maintenance while others utilize in-house staff. In the case of contracted maintenance, costs
should be based on an itemized quote or receipt, a separately reported based on maintenance
type.
In cases where on-site staff are responsible for maintenance, there are two options to determine
preventative maintenance costs. The first is through estimation. Maintenance costs are
composed of both a labor and a materials component. Surveying or interviewing staff can assist
in determining the length of time required for a given maintenance event and the type of
materials required. Once the material requirements are determined, a cost associated with the
materials can generally be obtained through existing purchase orders for previous maintenance
events. Alternatively, obtaining a quote from a vendor can achieve the same result.
Emergency maintenance is the most difficult maintenance type to accurately quantify.
Depending on the expected life of a product and the length of time included in the cost analysis,
emergency maintenance costs may not be appropriate to include. Often times, an emergency
maintenance event can only result in the wholesale replacement of the product. Research and
documentation on the serviceability of the demonstration product is required to determine
which avenue of action makes the most economic sense.
When the failure of a luminaire occurs, there are two options - the replacement of the entire unit
or the maintenance of its components. In the case of standard fluorescent luminaires, it is often
more economical to replace the failed component - often a lamp, ballast or socket. However, in the
case of some luminaires, often those that require a large amount of time to service, it may be more
cost effective to replace the entire luminaire and reduce additional maintenance in the near
future.
Replacement
The lifespan of some products cannot be extended through preventative maintenance. Other
products become obsolete over the course of their life and it makes more sense to replace rather
than repair them. In these situations, replacement costs are similar to material and installation
costs, except that additional disposal costs should be considered. Disposal costs are often
14

depend on product composition. Products that contain hazardous or toxic material can often be
more expensive to dispose of. Check with the California Environmental Protection Agency to
determine if there are specific restrictions to dispose of incumbent products. If there are specific
requirements, consult your local waste disposal agency to get a quote for the disposal of the
product given the specific constraints described by the EPA. Otherwise, disposal should follow
the same guidelines the demonstration site uses to dispose of normal waste materials.
Buildings built before 1979 may contain lighting ballasts that use polychlorinated biphenyls
(PCB). PCB’s are a toxic material that must be disposed of following the EPA’s recommended
guidelines. In scenarios where luminaires with PCB ballasts are currently installed, it is often
most cost effective to replace the fixtures with new energy efficient lighting, as opposed to trying
to retrofit the fixtures which are already outdated. Most waste management companies will
provide quotes for the disposal of PCB ballasts, a disposal cost that must be included to determine
full replacement cost for the existing luminaires.
Residual Value
The residual value of a product is its remaining value at the end of its useful life. Residual value
can be stated in a variety of ways. The most common methods are resale value, salvage value,
or value based on scrap and disposal costs. Additionally, prorating the total initial cost of the
product including its installation across the total life of the product, and estimating the residual
value as the value remaining at the end of the cost-analysis period is acceptable.
Prorating example:
An induction luminaire operates 12 hours a day, 365 days a year, has a 100,000-hour lifespan.
You are conducting a 15-year LCA. After 15 years, the luminaire will have operated for 65,700
hours. The cost to purchase and install the luminaire was $300. The luminaire’s residual value is
based on the remaining useful life of the product. 100,000 (total life span) – 65,700 (consumed
life) = 34,300 hours or 34.3%. The residual value is 0.343 * $300 = $102.90.
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Chapter 3 Assessment Methods and Tools
The American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE)
publishes a guideline for Measurement of Energy and Demand Savings (ASHRAE Guideline
14-2002), which covers most aspects of project assessment methods, measurements and tools
applicable to the Program. This Program borrows heavily from that guideline for measurement
and verification (M&V) activities. Where applicable, demonstration teams should reference
detailed procedures contained in that document, in addition to various industry accepted
standard test methods. Some additional specific methods are discussed for select types of
technology demonstration projects and the referenced documents should be consulted for
details. A list of referenced standards is provided in Appendix B.

Measurement Approach
There are three general ways to approach measurements for quantifying energy-use: whole
building monitoring, retrofit isolation, and calibrated simulation (ASHRAE Guideline 14-2002,
Section 5). CASE-Q DP Assessments will most often utilize the retrofit isolation approach to
determine the energy and demand savings as described in ASHRAE 14-2002. A whole building
approach will typically be inappropriate because it does not sufficiently isolate energy use for
the individual demonstration technology. Additionally, the calibrated simulation approach is
essentially the retrofit isolation approach with a more complicated model. While program
assessments should most often utilize the retrofit isolation approach, some studies that seek to
evaluate more complex systems may borrow from either the whole building monitoring
approach and or the calibrated simulation approach to fully characterize the system. More
information on these approaches may found in ASHRAE 14-2002.
In the retrofit isolation approach for energy measurement, meters and data loggers are used to
measure and record energy-use information only on the technology or measure under
consideration. The energy-use of the technology under examination is “isolated” from the rest
of the building or other connected systems. Measurements are taken before and after the
installation of the demonstration technology. Savings derived from these measurements may be
used to estimate the energy use of similar technologies operating under similar conditions. The
process consists of the following general steps, conducted in combination with the activities to
design and conduct the study (Chapter 4):
1. Select independent variables and develop a baseline model
2. Select and document baseline conditions
3. Select duration and frequency of monitoring period for baseline and post-retrofit
scenarios
4. Project baseline usage to post-retrofit conditions
5. Determine savings: Projected Baseline Use – Post-Retrofit Use

16

Explanatory Variables and Modeling
A primary objective of any field study is to accurately determine the energy or demand savings
that may be attributed to use of a new product or practice. For many studies, it will be hard to
strictly control all variables that affect energy use between a baseline scenario and a post retrofit
scenario. Uncontrolled or undocumented variance can often lead to skewed results that do not
represent actual, sustained savings. To mitigate this risk, data should be collected on all
identified variables, so that they may be properly recorded and used for any future modeling
analyses. Models can be created that correlate the system energy use with changes in these
influential building, environmental or other variables. Models may use basic averaging,
regression or other appropriate techniques. With those models, the conditions can be applied in
such a way to allow for a direct comparison of technologies across multiple demonstration sites
or studies with a corresponding fair characterization of energy savings.
Independent and Dependent Explanatory Variables
Many different factors, or explanatory variables, affect the energy use of a product or system.
Common examples of explanatory variables are outdoor temperature and building occupancy.
Explanatory variables can be independent or tied to the conditions of other variables within the
environment (dependent). Consider a study of Heating, Ventilation and Air Condition (HVAC)
electricity use in a retail space. The store may only operate during the day when the weather is
relatively warm. Because the store is often crowded, occupancy contributes to the heat present
within the space. The temperature in the store depends on the two variables of weather and
occupancy, and, in this case, is not truly independent at all. Dependence between variables will
often influence the type of modeling approach that should be utilized for a particular
demonstration project.
Modeling Effects of Explanatory Variables
System modeling is often used to analyze technology installations and associated energy-use
under comparable conditions. There are two modeling approaches often used as part of the
retrofit isolation approach: regression and simulation. Regression establishes correlations
between explanatory variables and energy use. Regression methods are only appropriate for
systems characterized by independent, explanatory variables. If they are not, energy use models
may not be accurate. In cases where the interaction between explanatory variables is strong, as
in the example from the previous section, a simulation model may be more appropriate. More
information on regression and simulation models may be found in ASHRAE 14-2002.
Once a suitable model is developed, it should be tested for Net Determination Bias (NDB) to
ensure it does not introduce any unnecessary error into savings calculations. A procedure for
calculating the NDB of the baseline model is provided on page 19.

Conditions and Monitoring Periods
The selection of an appropriate baseline and post-retrofit monitoring period will be guided by
the anticipated and actual operating conditions. A monitoring period that includes all possible
conditions is preferred in order to reduce uncertainty in energy computations and reported
outcomes (ASHRAE 14-2002 5.2.2.). For most HVAC technologies, 12 months of pre-retrofit data
is required to properly document all modes of operation under all operating conditions.
17

For baseline monitoring, the period immediately preceding installation of the demonstration
technology is often most appropriate because this will reduce the probability that changes in
conditions between pre and post-retrofit monitoring periods will or have occurred. Similarly,
for post-retrofit monitoring periods, the monitoring duration should be such that it includes all
modes of operations for the demonstration technology. It is usually insufficient to set an
absolute monitoring period, independent of these considerations. Some existing literature and
protocols recommend this approach, but this should be avoided unless it can be sufficiently
demonstrated that the selected monitoring period will appropriately characterize all modes of
operation for the incumbent and demonstration technology.
Regardless of the monitoring period duration, the following items, at a minimum, should be
documented for both baseline and post-retrofit conditions. Documentation of additional
conditions may be appropriate. Photos of baseline and post-retrofit conditions should be
collected whenever possible. Additional information is provided in Chapter 4.


Facility operating schedules (business hours/hours of operation)



Non-routine events affecting the operating schedule during the monitoring periods



Building features affecting the demonstration systems (ex: size and location of windows
or skylights for daylight harvesting controls projects)



Occupancy patterns



Number of space or building occupants



Type of work or activity conducted at the facility and in the demonstration space



Inventory of incumbent devices and systems related to the demonstration technology



System set points (ex: task tuned light level, HVAC set points)

If changes occur between the development of the baseline and the completion of the
demonstration’s post-retrofit monitoring and verification period, the effects of those changes
must be quantified and the data that has been collected must be normalized to reflect changes in
the baseline. For example, if conducting a study of daylight harvesting in side-lit areas and a set
of shade trees are planted halfway through the study, the data associated with the project to
before and after the shade trees would not be comparable. ASHRAE provides guidelines on
how to approach accounting for these changes in Guideline 14 (ASHRAE 5.2.8.3).

Data Collection, Analysis and Calculations
Depending on the type of technology under evaluation, one of several methods may be utilized
for data collection. Technologies with constant use and loads (each varies by less than 5% over
the year) are the simplest type, and data collected may consist of spot energy-use measurements
before and after technology installation. Technologies with varying loads or use patterns
require time-series data collection to characterize the true energy use. Periodic or continuous
pre- and post- retrofit data collection over time is most ideal for all cases, but often not required.
More information on the data collection procedures appropriate for use with the retrofit
isolation approach may be found in Section 6.2 of the ASHRAE 14-2002 guidelines.
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Missing or corrupted data
Monitoring data may be lost for a variety of reasons including equipment failure and corruption
of digital data files. When data is lost, demonstration teams must document the loss and any
procedure followed to estimate or correct the data for the lost period. There are several methods
that may be utilized to estimate or rebuild the lost data set included interpolation methods.
Alternatively, data for that period may be omitted. Teams must maintain a record of the raw
data and a detailed description of how any lost data was replaced, if applicable. When data is
missing from the post-retrofit monitoring period, it may be replaced with estimated values
provided the estimations are based on other post-retrofit monitored data that spans the same
mode of operation and conditions as the missing data set.
Quantifying Uncertainty
Uncertainty is a way to convey the potential for error in measurements. Uncertainty is
composed of components due to sampling error, measurement equipment error, and modeling.
It is important to quantify uncertainty based on these factors before a project is started to ensure
the proposed methods will yield significant results. It is recommended that uncertainty be
calculated in terms of a confidence interval with a maximum uncertainty level of 50% of annual
reported savings at a 68% confidence (ASHRAE 14-2002 5.3).
When using the retrofit isolation approach to determine energy and demand savings, the
overall uncertainty is composed of just two of the three components: modeling uncertainty and
measurement uncertainty. Zero measurement uncertainty may be assumed for utility bill data
and weather data reported by a government-operated weather reporting service in the United
States or Canada. Additional details on computing savings uncertainty are provided in Annex B
of the ASHRAE 14-2002 Guideline.
Net Determination Bias
Baseline models should not introduce unnecessary and additional error (bias) into calculations.
Once a mathematical formula (model) is developed to describe the baseline, based on
explanatory variable(s), the baseline data should be recalculated using the model. The
recalculated data set, along with the original measured baseline data set is then used to
determine the Net Determination Bias (NDB) of the model expression. The NDB should be no
more than 0.0005% (ASHRAE 14-2002 5.2.10).

∑

(

)
∑

X = baseline data point
X’ = recalculated baseline data point

19

Net Energy Savings
A demonstration’s net energy savings (NES) is the difference between adjusted (actual baseline
recalculated with post-retrofit conditions) baseline energy use (BEU) and post-retrofit energy
use. As discussed above, to make an accurate comparison between systems, they need to be
compared under similar operating conditions. To do this, BEU is recalculated using an
appropriate model (refer to page 17 for information on developing baseline models) that is
adjusted for the operating conditions present in the post-retrofit period.

NES = Net energy use
BEUa = Baseline energy use (adjusted)
PEU = Post-retrofit energy use

Energy use may be dependent on a number of independent variables such as outdoor air
temperature or building occupancy. Baseline data must be projected into the post-retrofit period
to adjust the data for post-retrofit conditions. This is accomplished by using the baseline model.
For example, a demonstration team collects two streams of baseline data for an upcoming
lighting retrofit project: lighting electricity use (BEU) and building occupancy (BOpre). Using
these two datasets and applying a suitable mathematical modeling technique, it is determined
that the data is best represented by a polynomial function,
(

)

Following post-retrofit data collection of lighting energy use (PEU) and building occupancy
(BOpost), the team adjusts the baseline data to account for post-retrofit occupancy conditions. The
adjusted baseline energy use can then be directly compared to the post-retrofit energy use to
determine savings.
(

)

Energy Valuation and Cost Savings
An additional factor to consider beyond energy use is energy cost. Time dependent valuation
(TDV) of energy allows energy cost analysis to factor in the dynamic cost of natural gas,
electricity and methane. The cost of these resources can vary depending on a number of
variables including but not limited to: time of day, temperature, season, supply and demand,
location resource generation conditions, cost of emissions, global events. The use of these
methods should be utilized to determine the energy costs associated with Program
demonstrations.
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Figure 3: Daily and seasonal electricity price fluctuations (example only)

The TDV of resources requires a firm understanding of the demonstration’s M&V data. Energy
Cost Savings (ECS) is equal to the sum of the products of the hourly NES, TDV factor for that
hour of data, and the energy cost summed over the entirety of the data set.
∑
FTDV = Time Dependent Valuation Factor
EnergyCost = Cost of Energy (ex: $/kWh)
NESH = Hourly Net Energy Savings

Energy and cost savings calculations should be provided with its corresponding uncertainty
and confidence interval as discussed previously.

Metering Tools and Equipment
Many factors should be considered when selecting metering tools and equipment for use in a
demonstration project. There are many options for measuring common physical properties like
temperature, pressure, fluid flow and power; each with its own set of benefits and limitations. It
is beyond the scope of the Program to prescribe the use of the any one particular type of
metering device, sensor, or data collection system; however, a minimum level of precision and
accuracy should be maintained. These minimum requirements are provided below along with a
brief overview of the types of metering tools and equipment often used in the measurement of
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demand and energy performance of building systems. Regardless of the particular monitoring
and verification equipment utilized, the following information must be recorded for devices
and their installation locations:


Device name and short description



Measurement type



Measurement point name(s)



Installation method



Installation location



Expected range of values



Calibration requirements



Date of last calibration

Minimum Requirements for Measurement Tools
Whenever available, measurement instruments should be calibrated with procedures developed
by the National Institute of Standards and Technology. Instrumentation accuracy specification
is acceptable, however instruments provided with multi-point factory calibration is optimal. For
long-term (12 months or more) monitoring projects, a six-month to 12-month recalibration
should be conducted.
The functionality and accuracy of monitoring equipment should be verified before installation.
This can be accomplished by comparing instantaneous measurement values with the outputs of
the data loggers. For example, if monitoring energy use, instantaneous current and voltage
measurements can be taken and compared to the outputs of an energy logger to make sure that
the logger is installed correctly and recording accurate data. Verification can also be executed by
comparing logger outputs to a calculated resource consumption to make sure values are within
an expected range.

Types of Metering Tools, Sensors and Data Collection Equipment
There are many types of metering tools, sensors and data collection equipment available on the
market. Table 1 includes a partial list of tools and sensors applicable to measurements often
conducted as part of a Program demonstration. Detailed information on each type of device is
readily available in the public literature.
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Table 1: Examples of Meter tools and sensors

Temperature
Thermometer
Thermocouple
RTD

Humidity
Dew/frost
Psychrometer

Air Flow
Pitot Tube
Flow nozzles
Hot-wire anemometer

Liquid Flow
Flow nozzle
Turbine
Vortex
Orifice
Electrical Power
Watt-hour meter
Watt transducer

Air Pressure
Manometer
Pressure gauge
Pressure transducer
Pressure transmitter
Electrical Current
Clamp-on amp meter
Current transformer

Hydraulic Pressure
Manometer
Pressure gauge
Pressure transmitter
Pressure transducer
Electrical Voltage
Voltmeter
Multimeter
Potential transformer

Illuminance
Illuminance meter

Occupancy
CO2 meter
Ultrasonic dectector
PIR dectector

Source: California Lighting Technology Center

Several measurement types should utilize only certain tools.


True RMS power and energy metering should be used over current and voltage
measurements unless the load is purely resistive



RTDs or thermocouples should be properly selected based the expected time in the field
and severity of conditions

Human Factors Assessment (Ergonomics)
Ergonomics, sometimes called “human factors,” is the study of designing equipment, devices
and systems that aid the human body and its cognitive abilities. The discipline is concerned
with understanding interactions between humans and other elements of a system. For the
Program, the interest is primarily in the interactions between occupants and the systems that
are being demonstrated. For a more in-depth review of ergonomics as a field, please consult
Appendix A.
Determining the human response to a system is called an ergonomic assessment. This
assessment comes in many forms and can be executed many times. Common assessment
periods may span: new construction of a building, before and after system upgrades, observed
problems with systems and the future revisiting of a completed project. Typically, an
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assessment will include a cross–section of individuals using a technology or involved with the
purchasing process. These individuals can typically be classified as employees or service users,
professionals who design the system and decision makers. There are a wide range of
assessments that can be used to develop a complete understanding of the environment or
system. The most common are interviews, surveys and field research.

Common Types of Assessments
Direct interviews allow the direct selection of the intended audience and for complete and wellexplained responses. This methodology provides the richest data because it allows the surveyor
and the surveyed to explain and clarify questions in real time, increasing the accuracy of the
collected data. Direct interviews are time consuming and often costly. The interview requires
interviewers who are trained and are confident in their ability to provide a neutral tone,
phrasing and appearance. Too much rigidity in the interview process can reduce the benefits of
the interview and make the process feel more like a survey without much direction or
conversation. Conversely, too much flexibility can result in large inconsistencies across
interviews such as providing too much support on certain questions or potentially leading
interviewees.
Surveys are an excellent way to gather large amounts of information from many people in a
short period. They are best when seeking to gain a high level of understanding of the attitudes
and characteristics of a large group. By their nature, surveys are a reliable method of inquiry
because they standardize the delivery of questions, resulting in reliable consistent data. While
surveys provide a number of advantages, they are also inflexible tools. There is no additional
clarification for questions, so when respondents are confused or need more guidance to answer
a question they are unable to receive it. Surveys do a poor job of uncovering trends or results
that are not explicitly stated. For example, physical discomfort from the climate in an office may
be caused by poor heating and cooling systems, hot lamps from lighting or poor thermal
glazing from fenestration. If the surveyor does not think of these options, and clearly explain
them, the respondent may, based on their limited knowledge of the systems in their space,
express a frustration directed at any one of these causes of discomfort or none at all.
Field research consists of the observation and interaction with people in their natural settings.
This method strives to fully understand the daily lives of the people they observe in the space
where the assessment is being carried out. Field research is well suited to answer the “how” of
why an event occurs. Researchers are able to observe, theorize and test their theories based on
interactions with the people in the space in question. Field research is a time-consuming process
and requires that researchers be present in a space over a period of time. However, it does
provide an in-depth understanding of how events occur within a space.

The Assessment Process
The purpose of any ergonomic assessment is to ensure that people are placed in an environment
where their physical, psychological and social well-being is not affected by the building system.
The assessment process typically looks to establish a baseline with an initial assessment, then
follow up with an installation assessment and post-installation assessment. The subsequent
assessments allow the demonstration team to determine the extent of the disruption associated
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with the installation process and gauge its effect on the post-installation feelings of the space
occupants.
During the initial assessment, the goal is to understand three major components:


The environment under evaluation, often a building



The systems in place, e.g. heating, cooling, lighting, fenestration, insulation, etc.



The people within that space that interact with its systems

Environmental aspects of the assessment appear to be simply a physical analysis of the space,
but it is deeper than a simple geometric description of a space. Environmental factors include
how the space is divided into functionally distinct sub-spaces by the occupants of the space. For
example, the space could be an open office, but certain cubicles could be left open for the
reading of plans, while others for one-on-one meetings.
Consider all the systems that are present in a space, as well as how the occupants interact with
them. Often times, there are systems in a space that users are not aware of or do not interact
with. Occupants will often have opinions on the systems which they interact with daily.
Capturing these opinions and these needs is the most important part of an assessment.
People within the space accounts for why types of people (professionally or otherwise) use the
space. Back to the example of the open office, any number of employees and management may
utilize the space. Employees with different work types will utilize a space differently. For
example, an architect will have different needs and goals for his space than an accountant.
Understanding who the people in the space are and the needs associated with their professional
requirements will help shape a demonstration as well as establish a baseline of needs.
During the installation assessment the goal is to understand if and how the inconvenience of the
installation process affects occupants. Additionally, if that inconvenience affects the feelings or
opinions of the retrofit system in a positive or negative light (independent of the actual system
functionality).
Post-installation evaluation is split between an initial evaluation and long-term verification. The
initial evaluation is aimed at seeing how the system is adopted while the long-term verification
is aimed at how the system is ultimately received by its users. Topics of interest include:


User feedback on the project process



User understanding of the system



Installation issues (issues that stemmed from the installation process)
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The long-term verification ergonomic assessment is intended to re-evaluate and potentially
adjust the demonstrated systems. During this time period, the effectiveness of the system is
measured and evaluated against stated objectives and in maintaining user comfort. Topics of
interest include:


Does the project still function properly?



Are occupants affected in new ways?



Have accommodations for impacted people been successful?



Are users happy with the project?
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Chapter 4 Conducting a Study
Assessments conducted under the Program produce complete and detailed technology reports
that may be used by the Energy Commission, utilities and other stakeholders as part of their
CASE initiatives. This section describes design, implementation and documentation
requirements for a CASE quality demonstration project. It includes recommendations for the
selection of technologies and sites; assessment requirements for existing and proposed
measures; and technology installation considerations. In general, designing and implementing a
study will include the following activities.
1.
2.
3.
4.
5.
6.
7.
8.

Pre-demonstration market and economic evaluation (Chapter 2)
Technology Selection
Site Selection
Assessment Plan Development
Benchmarking (Chapter 3)
Technology Installation
Post-retrofit Measurement and Evaluation (Chapter 3)
Outcomes and Reporting (also Chapter 5)

Technology Selection
Demonstration technology selection may occur in one of two ways. Specific products may be
preselected for demonstration based on Energy Commission determination, manufacturer, or
other stakeholder input and analysis. In this case, the specific demonstration product, and often
manufacturer, is known prior to the start of the CASE-QDP project. Conversely, the specific
demonstration product may not be known prior to the start of the project, and only the type of
product/class/category (generic) may be identified for demonstration. In this case, the
demonstration team can use a thorough market analysis (Chapter 2) to select products
appropriate for demonstration. Whichever path is followed, once a specific product is identified
for demonstration, a detailed description of the technology must be prepared and included in
project reports.
Documented information will vary based on the technology, as will the importance of specific
performance and/or product details. Demonstration teams should obtain and provide all
available product literature, which will provide critical information for proper documentation
of individual measures. The following information, at a minimum, should be provided for any
CASE-Q DP demonstration technology:







Product name
Product serial number / Part number
Product manufacturer
Date of purchase or acquisition
Manufacturer’s product specification sheets
Manufacturer’s product installation sheets
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Product warranty
Product maintenance information
List of comparable products

Comparable Products or Practices

Efficacy (Work / Resource Use)

Products or practices which provide resource savings beyond current code requirements are
often good targets for Program demonstrations. Selection of highly-efficacious products or
practices as compared to existing products or design standards, can be aided by good market
research. Given the existing landscape of technologies and practices, a selection of products and
their corresponding product efficacies and maximum work capacity can be graphed. Using this
information, an average product efficacy can be calculated for each product class, noting
products that exceed this value may be appropriate for inclusion in the Program.

Potential products for demonstration

Average
Efficiency
Minimum Efficiency (Code)
Work Capacity

Figure 4: Product analysis graph of work versus efficacy (example only)

Many products may be appropriate for demonstration. However, a potential demonstration
technology may have an analogue version which can do the same amount of work as other
similar products at the same or similar efficiency. In these scenarios, it is not recommended to
demonstrate multiple technologies unless there are distinct differences or performance claims
that would set one product apart from another. Under certain situations, multiple products of
similar type may be demonstrated to validate the average performance of a class of products or
systems; however, duplicative demonstrations should generally be avoided unless the need or
value of doing so is clear and documented.
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Efficacy (Work / Resource Use)

Analogous technologies
(based on efficacy and
work capacity)

Maximum Work Capacity
Figure 5: Product analysis graph - analogous technologies (example only)

Product Availability
Often, emerging technologies are not readily available through standard commercial channels.
As a result, only a small quantity of a product may be currently available. When this is the case,
there are two major questions to answer. First, by the time the next code implementation occurs,
will this product be widely available so Californian consumers could easily purchase and install
it? The second question is whether the size of the demonstration, based on current product
availability, will provide an accurate representation of the products performance and value. If
the answer is no to either of these questions, then the product may not be appropriate for
inclusion in the Program at this time.
In general, pre-commercial and under adopted technologies are most appropriate for the
Program. A pre-commercial technology is defined as a technology that will be available in the
marketplace within six months of the current date, has limited or no independent performance
data or validation and has seen limited demonstration. Additionally, under adopted
technologies are commercially available, but have seen limited adoption, and/or limited or no
independent evaluation.

Positive Life Cycle Cost
Technologies poised to affect the market and experience meaningful market uptake will
typically have a positive life cycle cost – net present value (NPV). The NPV takes into account
the effect of inflation on money in the future, in effect discounting future values. The sum of all
future cash flows over the life of the product or system, is the NPV. If the NPV is positive, then
the purchase and installation of the technology has a positive effect for California consumers,
delivers resource savings, and should be pursued. One caveat exists for this rule: if a measure’s
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initial cost is expected to decrease to a point where the NPV goes from negative to positive due
to reduction in tooling costs, increased consumer demand driving volume and lowering prices,
or increased efficiencies due to new technology development, the measure may still be a good
candidate for demonstration.

Site Selection
Due-diligence evaluations must be conducted on any potential demonstration site to ensure the
site selected will meet the project’s needs. A site evaluation will determine the likelihood that a
particular location will be able to support the demonstration project throughout each of its
phases. Site evaluations should begin as soon as a demonstration measure (product or practice)
is identified or selected and before host-site agreements are put in place. The demonstration
team’s experience working with the demonstration technology will often dictate the speed at
which effective site evaluations can be conducted. At a minimum, the following things should
be investigated and understood for any potential demonstration site:


Site’s ability to accommodate construction/demonstration



Existing equipment and systems



Site accessibility



Impact on a site’s existing operations



Impact on surrounding facilities or communities



Land use restrictions



Environmental impacts



Permit requirements



Representative of typical facility, market sector, or installation

The selection of a demonstration site and demonstration size should result in a demonstration
project that is fully documented and, at a minimum, clearly representative of its performance at
that site under all anticipated operating conditions. Ideally, a site that is representative of
typical, anticipated use across a set of sector-specific facilities is best. Sites with minimal
accessibility, costly and non-representative permitting requirements, or other atypical
constraints should be avoided. Documentation on each item noted above should be provided
for the final site selected.

Site’s Ability to Accommodate the Demonstration
Certain technologies, specifically HVAC technologies, are designed with a specific climate
zone(s) in mind. A cooling system designed for the dry warm weather of climate zone 14 (Death
Valley, CA) would not be as effective, or not effective at all in climate zone 3, which makes up
much of the San Francisco Bay Area. In addition to climate related limitations, the physical
environment of a building or space may not reflect the required installation or operating
conditions for a given technology. A good demonstration site will be able to accommodate the
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demonstration and provide an environment suited for installation of the demonstration
technology.

Existing Systems
Most sites will have an existing system, which the demonstration aims to replace. The
functionality and efficiency of the existing system will have a large effect on the results of the
demonstration. These effects range from setting an arbitrarily high or low baseline (when
compared with standard practices) or unrealistic installation costs. The ideal demonstration site
will have an existing system, which is on par, from an efficiency standpoint, with the average
Californian system. It also will not include any a typical removal or disposal costs, which would
not be representative of systems currently installed in California buildings.

Site Access
Most host sites will have specific access requirements for some or all of its demonstration
spaces. Access constraints may exist at the site, building or individual space level. For example,
mechanical rooms that provide access to HVAC systems and electrical panels may require
prearranged access to room keys or the assistance of site staff to access the space. In other cases,
entering a buildings or campus may require special identification or accompaniment by site
staff. Some facilities or sites, such as military bases, may require a submission of personnel
background information prior to gaining approval to access the site. Regardless of the level of
security or control, failure to identify and plan for these kinds of accessibility requirements can
result in delays related to site visits, equipment installation, monitoring and verification
activities and access to building occupants for surveys or other subjective evaluations of the
demonstration technology. Always include scheduling contingencies for sites with access
requirements to ensure projects are completed on time. Always document the access
requirements for the final site selected.

Impact on Existing Operations
Site access and impact on the existing operations of the site are typically inversely related. For
some sites, the hours of use are strictly restricted while others are open to the public 24 hours a
day. Depending on the space type and its use, a demonstration may or may not be feasible in
the space. For example, offices are typically utilized between the hours of 8 a.m. and 5 p.m. As a
result, the installation of demonstration technologies and monitoring and verifications activities
can be carried out while the space is unoccupied and there is minimal impact on the host site.
Other building types will have drastically different usage hours. For example, some big box
retail stores are open 24 hours a day. A demonstration at a site that operates for most hours of
the year will be difficult to carry out without significant impact on existing operations.
Additionally, attempting to navigate a space that is in use to establish pre- and post -retrofit site
conditions will be difficult because of regular interruption by customers and site personnel.
Other sites difficult to consider as a host site are those where the space itself is off limits to
personnel. These sites include factories and research facilities where contamination or real
physical danger to site occupants prevents access without directly impacting the existing
operations of the space. For example, some biological research facilities cannot have their
research interrupted in order to carry out the parts of a demonstration. As a result, it may be
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impossible to effectively carry out monitoring and verification activities as well as execute the
demonstration installation.

Impact on Surrounding Facilities or Communities
Demonstrations often have primary and secondary audiences affected by the project. For
example, a retrofit of parking lot lighting at a local park directly affects the visual comfort of
local homeowners. The installation of the luminaires could reduce the number of spaces in the
parking lot resulting in parking overflow and potential traffic issues at adjacent locations. Other
demonstrations can result in noise pollution from the project installation or the demonstrated
product. For example, the installation of large HVAC units that operate throughout the day
could have an adverse effect on the quality of life of nearby neighbors. In some cases, the
demonstration may improve the quality of an underused facility, thus changing its future
occupancy. The increased use of a community center because of a renovation could result in
traffic that local roadways weren’t built to handle. When choosing a host site, take into account
the potential traffic, noise and occupancy effects that the retrofit could have on the space and its
surrounding facilities or communities.

Land Use Restrictions and Environmental Impacts
Land use restrictions may prevent the installation and demonstration of some technologies at
certain facilities. Local ordinances and zoning requirements should be reviewed before selecting
a host site. In addition, demonstration of certain technologies may require environmental
impact studies to ensure that the technology does not disrupt the surrounding area. An
environmental impact study may result in water-use or traffic restrictions at the site, which
could add unnecessary cost and complexity to the demonstration. Avoid sites where these types
of restrictions may be in place, unless the site is representative of the market sector.

Host Site Agreements
Host site agreements are legal documents intended to protect the rights of the host site and the
group carrying out a demonstration. Such agreements are required for any demonstration
project funded under the Program. Each document will be unique, because each technology and
host site is different. At a minimum, they all should address the following six items:


Project scope: Intended to educate project participants on the basic tasks and goals of
the demonstration. This can include a description of the demonstration technologies,
the anticipated benefits and risks, and location of the installation.



Responsibilities of both parties:



Project duration: duration of the project should include a written timeline and
preferably a Gantt chart outlining all tasks and their expected start and finish dates.
This allows host site personnel to notify space inhabitants and adjust schedules and
expectations during installation periods.



Site access: Clauses having to do with accessibility provide both parties clear guidelines
on how and when the demonstration can be accessed and prevents the interruption of
work within the demonstration space.
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Project data, outcomes and publication rights: Specific rights are outlined as to the
ownership of the data obtained through the monitoring and verification activities meant
to quantify the effects of the retrofit. It should also clearly outline the rights of the host
site and or the demonstration group to publish the data or related information about the
demonstration.



Liability: Liability issues include the needs of contractors to meet host site or program
sponsor requirements as well as questions as to who will be responsible for the
replacement or repair of the retrofit technology should it fail during the M&V timeline
or even afterwards.

Developing a Demonstration Assessment Plan
Development and adherence to a detailed, demonstration assessment plan is critical to the
success of a technology demonstration project. The plan details the elements included in
benchmarking, post-retrofit evaluations, system modeling, data collection and reporting. The
following information is intended to guide Program participants in the successful development
of demonstration assessment plans that include both objective and subjective evaluations.
Subjective evaluations or human-factor assessments are highlighted at the end of this section;
however, more detailed information may be found in Appendix A.

Plan Components


Project summary and assumptions



Description of M&V activities



Description of calculations



List of monitored devices or systems



Monitoring procedure for each device or system

Benchmarking
The majority of variables directly associated with the resource use of the demonstration
technologies should be noted and monitored as described in the demonstration plan. Other
variables should be recorded. Examples of these variables include items such as the number of
failed lamps in a lighting demonstration space or the existence and condition of shade canopies
affecting fenestration projects. The following items should be investigated and recorded as part
of a CASE-Q DP project.

Site
The most obvious set of baseline data relates to the demonstration site. Site conditions of
importance typically have some potential correlation to energy use as it pertains to geographic
location and occupancy. Examples of site-specific conditions of note include the following items
(some are also described in the Baseline Conditions section of this report):



Geographic location and climate zone
Building type, envelope type, fenestration, size, and orientation
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Building use(s) and a breakdown of building uses in the case multi-use facilities
Landscaping, such as shade trees, that may affect systems
Traffic that may affect occupancy
Hours of use

Existing Systems
Also as important as the site-specific data is information on the baseline systems which will be
retrofitted during the demonstration process. Notes should be taken on the existing systems
and if possible, some insight into the use of the systems or their area of performance. If the
system in question works directly or indirectly with other systems, for example an HVAC
system, which works with a building management system, data should be collected on the
interaction between the systems. Content related to the existing systems should include:









Make/models of incumbent technologies
Number installed
Details on locations/orientations of each of the units
How the systems are powered
Details on sensors (locations) and controls
Maintenance records
Existing condition
System interaction with other building systems or controls

System Operating Profiles and Resource
When monitoring incumbent technologies, understanding their operation is an intrinsic part of
developing a resource use profile and calculating energy use. Important details to note include
start up and shutoff time, set-points, and occupant adjustments. This information can be
gleaned from the technology itself, but communicating with building occupants or maintenance
staff can provide information that would be otherwise impossible to find out. Details on
methods to determine energy and demand savings are provided in Chapter 3.
A usage pattern can span anything from an hour to a year and is often most easily understood
by looking at different time segments of the project’s M&V data. Characterizing resource usage
of a technology allows the application of TDV, but also allows the effective application of
controls and an in-depth understanding of building use. When developing usage patterns,
graphing the data is often the first step in understanding the systems’ usage. The graphic
representation of data allows for a simpler recognition of patterns and trends. By viewing M&V
data in different time segments such as days, weeks, months or seasons it is often easier to
observe and understand resource usage trends. For example, in retail applications, energy use
would be expected to be constant throughout the day with some baseline load when the retail
space is closed for signage and window displays.
The graphs below are examples of system operating profiles in different time segments. There
may be characteristics that repeat during certain time segments, whether they are days, weeks,
months or throughout the year. Seasonal weather changes may result in very large changes in
resource consumption.
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Figure 6: Energy Use over 24 hours (sample only)
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Figure 7: Energy Use over a 7-day period (sample only)
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Figure 8: Energy Use over a 30 - day period (sample only)
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Technology Installation
Technology installation is a milestone in a Program demonstration. It will provide host-sites
with a tangible outcome of their investment in and support of the project. Installation usually
marks the successful completion of benchmarking activities. There are many important aspects
of installation, however, that must be considered and processed before the technology is ever
installed at the host-site. While each project will have its own unique installation requirements,
several major topics for consideration are discussed below.
The discussion on procurement and ownership, contractor qualifications, product delivery, storage and
handling, and operations and maintenance will be completed based on lessons learned, TAG input and
Energy Commission requirements.

Outcomes and Reporting
The discussion on outcomes and reporting section will be completed based on lessons learned, TAG input
and Energy Commission requirements.

Post-Demonstration Project Review
Following the completion of the project, the demonstration process should be reviewed. Ideally,
these reviews happen throughout the demonstration process to keep the project on schedule
and within budget. The most critical review compares the original goals of the demonstration to
the outcomes. Compare the plan to acquire data what occurred in the project and review the
processes associated with the data capture. Often, our understanding of the technology or
installed space changes over the course of the project. Based on this new understanding, it is
important to reevaluate whether the data capture process and technology selection is still
relevant and helpful in reaching project objectives. Based on initial data from the M&V
equipment, examine the initial results to ensure they are logical. Issues with M&V equipment
can be discovered by looking at initial measurement readings and determining whether the
results are consistent with the current understanding of the system.
Lastly, the project review must determine whether the results that have been logged, or are
being logged, are likely to change. Will usage rates change during the year? Will this have an
effect on the resource consumption of the technologies? Will we need to carry out multiple
monitoring periods to get an accurate understanding of the resource usage of the demonstrated
technology? Often, demonstrations will be monitored for at least a year to develop an accurate
understanding of the incumbent technology and retrofit technology. This accurate model of the
technologies allows a fair comparison between different systems.
To summarize, some questions that should be asked during a post-demonstration review are:
1. What was the purpose or goal of the demo?
2. What data did we want to capture?
3. What was the process that would allow us to get this data?
4. Does that process still make sense?
5. Did we capture the data we needed?
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6. Do the initial results make sense?
7. Will these results change? Why or why not?
8. Should we return to recalibrate the results to receive more realistic data?

Applying Study Results
A goal of a CASE-Q DP assessment is taking the data gathered in the study and applying it
more broadly to understand potential statewide energy savings that would result from its
implementation. Quantification of the benefits of energy conservation measures across sectors
can be achieved in many ways, but they always include the characterization of the specific
market sector in question and its related energy savings. Once the energy consumption of a
given practice or technology is determined, calculating the potential energy savings of the
energy conservation measure can be calculated either by percentage or by vintage.
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Chapter 5 Program Reports and Project
Documentation
Final Demonstration Report
Final demonstration reports are meant to capture the relevant details and analysis of the
demonstration concisely. Standard report sections include an executive summary, a summary of
the incumbent installation, retrofit technologies, market analysis, and an identification of the
key stakeholders. Information relevant to the sections should be included in appendices. The
information below provides more details about sections that should be in the final report.

Executive Summary
The executive summary presents the project to the reader concisely. It should be a brief
summary of the project’s purpose and how each of the report sections supports the
fundamental goal. It should convey the project objectives, methodology and outcomes.
For the purposes of the Program, the summary should address and clarify a number of issues,
regardless of the type of demonstration project:



The specific market to be addressed needs to be identified and described. Who are the
users and what are the incumbent technologies and products?
Explain the impact that the proposed changes are likely to have on the market. Once the
variables are identified, likely through mathematical modeling, the summary needs to
discuss how the code change will alter the equation both mathematically and in realworld terms.

Technology Background
Demonstration Measure Description
Provide a general description of the demonstration technology or measure. Describe the
physical and performance characteristics of the technology, its benefits as compared to existing
technology/practice and its target market sector.
Demonstration Objectives
This section describes the requirements that should be included in a description of CASE
demonstration objectives. It should give instructions on the type of information and results to
include (quantifiable results vs. task descriptions).
Existing State-of-the-Art
CASE measures must include a description of the existing practice/measure that the CASE
technology/measure is designed to replace or improve. This section provides guidelines on
what to document for the existing state-of-the-art in product/practice as compared to the CASE
measure. Specific details are provided below:
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Technology or Process Description
This section provides instructions on how/what to describe for the existing product or practice
(with respect to CASE measure).
Market Profile / Availability
This section provides instructions on how/what market information to present on the existing
state of the art (with respect to the CASE measure).
Key Stakeholders
This section provides instructions on who to consider as key stakeholders. It provides
recommendations on the types of information to include about each stakeholder such as their
role in the CASE process, their role in product/measure commercialization, etc.

Interim Report Format and Requirements
Interim reports are typically provided for key stakeholders at set dates throughout the project
process. Major interim reports should use the Energy Commission style manual and template.

Progress Reports
Progress reports should follow the Energy Commission style manual. Monthly or quarterly
reports are acceptable. Reports should include the following sections in addition to photographs
and other evidence of project progress:


Description of planned activities for the period



Description of actual activities completed for the period



Discussion of progress relative to the project plan



Discussion of significant problems or changes to the project plan



Description of planned activities for the next period



Status updates for deliverables and milestones



Summary of financial status of the project

Participant Agreements
For projects funded through the CASE-Q DP, participant agreements must be executed between
the demonstration host site and the team conducting the technology demonstration. Participant
agreements should include the information described in Chapter 4.

Test Plans
Test plans should address each of the applicable elements detailed in Chapter 4 of this manual.
Define all technical terms and provide a list of acronyms with definitions.
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Technical Specifications
For all demonstration technologies, copies of product specifications, instruction sets, installation
guides, commissioning guides, and other documentation must be provided. In addition,
technical literature and product specification sheets must be provided for data collection and
measurement equipment. This information may be provided as appendices to interim or final
project reports and test plans.

Budget Template
Budgets for each CASE-Q DP sponsored project should follow the most recent budget template
provided by the Energy Commission. More information may be found here:
http://www.energy.ca.gov/contracts/pier.html.
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Appendix A: Human Factors Assessments
Ergonomics, sometimes called “human factors”, are a part of a multidisciplinary field
incorporating contributions from psychology, engineering, biomechanics, design, statistics,
operations research, and anthropometry. Human factors are used in studying designing
equipment, devices and systems that aid the human body and its cognitive abilities. The
terms”human factors”and”ergonomics” are often used synonymously.
Ergonomics is the scientific discipline concerned with the understanding of interactions among
humans and other elements of a system. The profession applies theory, principles, data and
methods to optimize human comfort and system performance. Practitioners of ergonomics
contribute to the design and evaluation of tasks, jobs, products, environments and systems in
order to make them compatible with the needs, abilities and limitations of people.

Physical
Physical ergonomics is concerned with human anatomical, anthropometric, physiological and
biomechanical characteristics associated with physical activity. This includes working postures,
materials handling, repetitive movements, work related musculoskeletal disorders, workplace
layout, safety and health.

Cognitive
Cognitive ergonomics examines mental processes as they affect interactions among humans and
other elements of a system. This can include mental workload, decision-making, skilled
performance, human-computer interaction, human reliability, work stress and training as these
may relate to human-system design.

Organizational
Organizational ergonomics evaluates the optimization of sociotechnical systems, including their
organizational structures, policies, and processes. Examples of organizational ergonomics
include communication, crew resource management, work design, design of working times,
teamwork, participatory design, community ergonomics, cooperative work, new work
paradigms, virtual organizations, telework, and quality management.
The focus of an ergonomics assessment is to improve performance and wellness by designing a
system that better integrates the human into the system. The goal of the assessment is to design
a building system that ﬁts the environment to the person, rather than selecting people to ﬁt the
environment. With a better ﬁtting environment, individuals are better able to contribute to
performance. Many people suffer from environments at work and home incompatible with
their needs, abilities and limitations, which affect their safety and welfare as well as that of
organizations and societies they are a part of.
Advanced technologies can make our buildings more efficient. However, overly ambitious or
just poorly thought out endeavors can overlook human factors risks. Neglecting these risks can
have serious negative effects. An ergonomics assessment is an evaluation of the impacts caused
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by a technology, system, or event on a person or organization. The goal of the assessment is to
ensure a good fit between the person and the technology or system, so the user will b use the
technology in the way intended and to use the technology to maximize energy savings
Doing this successfully requires ergonomists to consider:
1. The activity being performed and the demands on the user
2. The equipment used and how appropriate it is for the task, and
3. The information used and how it is presented, accessed, and changed
Successfully evaluating the ergonomic factors present in an environment ensures that the
individuals and organizations in that space maintain the highest possible levels of wellness,
health, safety, and efficiency.

Assessment Timing
In almost any situation an ergonomics assessment provides benefits to the individual or
organization being evaluated. Common assessment periods include:
1.
2.
3.
4.

During new construction of a building
Before and after an upgrade to a building system
When there are observed problems with a technology or system
Future revisiting of a completed project

Involved Persons
Employees, product/service users: Those who are part of the system and who are directly or
indirectly affected by its design and performance.
Professionals: Engineers and specialists who contribute to the design of the system based on
their specific professional backgrounds. They focus on design by fitting the environment to
humans.
Decision makers: Those in charge of the system design, the purchase of the system and its
implementation.

Common Types of Assessment
The methods outlined below are commonly used when performing an ergonomics assessment.
The ultimate goal for these strategies is to develop a complete understanding of the
environment or system being changed. In this way, the impact on the people within that space
can be evaluated and minimized.
Ethnographic analysis: Observing the uses of technology in a practical environment. Best
42

used early in the design process.
Focus groups: Qualitative research process in which one person facilitates discussion about
the technology or process being evaluated. This can be on a one-to-one basis or in a group
session. It can be costly and, due to the small sample size, can be subject to individual
biases.
Iterative design: Also referred to as prototyping, this process involves users at several
stages of design in order to correct problems as they emerge. Trends among users are
analyzed and products or systems are redesigned.
Meta-analysis: This technique evaluates a wide body of existing data or literature to
identify trends in order to aid design decisions.
Surveys and questionnaires: Surveys and questionnaires can be quickly and easily
administered to a large group of people at relatively minimal costs, enabling researchers to
gain a large amount of data. The validity of the data depends heavily on how well the
survey or questionnaire is crafted.
Task analysis: This is a qualitative and observational process that attempts to fully describe
all of the tasks taking place within a system.
User analysis: This process helps design for the attributes of the intended user by
establishing defining characteristics of each user type. A user analysis attempts to predict
the most common users and the characteristics that they have in common.
Methods analysis: The process of studying the tasks that an occupant undertakes within a
system using a step-by-step process. Each task is broken into smaller and smaller steps until
each basic task is described.
Time studies: This process determines the time required for a person to complete each set of
required tasks.
Work sampling: This method samples a person’s job at random intervals to determine what
proportion of their day is spent on a particular task.

Frequently Used Methodology
In-depth Interview
Talking directly with workers, users, or occupants has advantages, but can also present
challenges. You will be assured that the responses are from the intended audience, as you select
them, and are given the opportunity to probe for more complete or better-explained responses.
This method tends to yield the richest data. Listening to respondents describe what is
meaningful, useful, intuitive, or important in their own words can provide details or new
insights. In-depth interviews are flexible allow for opportunities to explain or clarify questions
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in real time, increasing the accuracy of collected data while still staying within the structure and
scope of a well-designed interview protocol.
Scheduling and conducting the interview takes times, however, making this method very
costly. Training interviewers may be necessary to ensure that the interviewer has enough
knowledge of the subject matter and feels confident in his or her ability to conduct the
interview. In addition, interviewer error or bias must be understood and avoided. Changes in
tone of voice or the phrasing of questions, or even the gender or appearance of the interviewer,
can lead to errors and bias. Detailed interviews produce a huge amount of data in a short period
of time, making analysis difficult. Too much flexibility can result in inconsistencies across
interviews.

Survey
Surveys are an excellent way to gather a large amount of information from many people in
short period of time. Surveys are very cost effective, especially when administered digitally.
Because surveys allow researchers to collect data from large samples for a relatively low cost,
they are excellent tools for probability sampling techniques, which determine the likelihood that
an event might occur. Surveys are the best tool to use when one hopes to gain a high- level
understanding of the attitudes and characteristics of a large group. Well-crafted surveys are also
a reliable method of inquiry because of the standardized delivery of questions, phrased in
exactly the same way. This produces reliable and consistent data. Field Research
Field research is observing and interacting with people in their natural settings. Observers are
able to fully understand what life is like for the people they observe. In some instances,
researchers will participate in the day-to-day activities of the people under observation to gain a
better understanding of their needs. Most field researchers participate to some extent, but there
are also times when they need to strictly observe.
Field research is well equipped to answer the question of “how” an event occurs. This is
different from the “why” questions that surveys typically answer. When working in the field,
you are asking how the processes you are evaluating occur, how people are spending their time,
and how events unfold. Revisiting our cooling system example, you may understand why
employees are reporting that the cooling system doesn’t work – because the lighting is too hot –
but you may not understand how that problem affects them.

The Assessment Process
The goal of any ergonomics assessment is ensuring that people are placed in an environment
where their physical, psychological, and social well-being is not affected by the building system.
Successful assessments have been shown to increase motivation and personal growth, helping
to improve performance. It is important to be attentive to an individual’s social resources as
well as their economic sustainability.
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Initial Assessment
Reduced performance and compromised comfort levels can occur when there is a lack of
human capability and aspiration. People may perform below their capabilities and standards
because other parts of the system become obstacle rather than a supporting environment.
During the initial assessment, you are seeking to create a framework for understanding four
main components:
1.
2.
3.
4.

The environment that you are evaluating, often a building
The systems in place, e.g. heating, cooling, lighting, fenestration, insulation, etc.
The people within that space that interact with its systems
The opportunity cost associated with that project – what opportunities are you giving up
in order to pursue this project?

Changes to any of these components can result in substantial changes to the system as a whole.
Understanding an environment
The space or environment is the high-level system within which all systems and people work or
operate. In the case of an energy efficiency upgrade, your environment could be a commercial
building, a home, a walkway, or a parking garage. In each example, the environment is very
different. Even if you have the same types of systems and the same types of people in each of
these spaces, changing the environment changes the system. Some things you may want to
document about the environment are:
1. The size of the space as a whole
2. Areas of the environment that are functionally distinct
3. Spaces that you expect will be affected by a change to a system
Evaluating changes to systems
For efficiency upgrades, changes to building systems typically means replacing or modifying
components that are in place for occupant comfort. It is not sufficient to determine an upgrade’s
success or failure based strictly on the energy savings that it provides. Changes in comfort
levels for occupants are equally important to evaluate.
When evaluating an upgrade or modification, make a list of all the systems present in the
environment. Then consider the impact your project may have on each of the systems. Often
times, like in the cooling example discussed previously, there are important interactions
between these systems that are not always obvious. This provides an opportunity to use
interviews or surveys to identify interactions that you may not be aware of. Other questions to
ask might be:
1.
2.
3.
4.

How much am I decreasing comfort to further increase efficiency?
Does this change impact everyone, or are some people more heavily impacted?
Can changes be made to the system to make it fit the people in the environment?
Can personal accommodations be made that prevent occupant discomfort?
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Impacting people
During your initial assessment period, the most critical step is evaluating and accounting for as
many personal impacts as possible.. Ideally, the project will result in a more efficient system
that leaves occupant comfort unchanged or improved. Achieving this requires a thorough
evaluation of user requirements, tasks, and personal needs.. Ensure that you have an
understanding of how tasks are carried out and the environment in which they are performed.
This may involve the tools outlined, especially those that focus on gathering occupant feedback.
Field research is commonly used during this stage of evaluation. Plan to revisit and revise your
assessment during the installation process.
It is important to note that the people in a space are typically part of an organization, whether it
is an employer, family, or other group. The organization itself merits review as a part of this
process. Policies and organizational structures often need revision as a result of a change to a
building system. For example, if employees typically work late, a lighting system set to shut off
at 5 p.m. will cause frustrations.

Installation Assessment
During the installation of a building system there will be an impact on the people occupying
that space. While this impact is temporary, the best practice is to do whatever possible to
minimize discomfort. If nothing can be done, then clear communication with occupants can
help reduce frustration.
1. Document the expected duration of the installation and make sure that people are aware
of what will be happening.
2. Discuss the changes with occupants to determine if temporary accommodations need to
be made.
3. Revisit your initial assessment, checking for changes based on these discussions.

Post-installation Evaluation
Initial Evaluation
In the first weeks or months after the project, it is important to evaluate the impacts of the
change. Questions to ask include:
1. Was the installation successful?
2. Are there any outstanding problems that need follow-up attention?
3. Does the installation perform as intended?
For each of these questions, collect user feedback and implement adjustments where possible.
Gaining a small amount of efficiency should not outweigh significant impacts on the people
working or living in that environment.
If there are problems that cannot be addressed, talk with the affected persons to create an action
plan to make them more comfortable. This may involve changes to that person’s activities or
organizational changes to minimize the problem. If the new system requires additional training,
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talk with the occupants to find a time that is the least impactful on their day-to-day activities.
Document any challenges or lessons learned for future projects.
Long-term verification
Establish a time in the future to re-evaluate, monitor and adjust the changed systems. During
this time period, measure and evaluate the effectiveness of the system in achieving stated
objectives and in maintaining user comfort. Some of the questions you may ask are:
1.
2.
3.
4.

Does the project still function properly?
Are occupants affected in new ways?
Have accommodations for impacted people been successful?
Are users happy with the project?

If there are new impacts, or if previous attempts to minimize human impacts were unsuccessful,
design an action plan to address these needs. Refer to the “lessons learned” documentation that
you collected during the initial assessment and be careful not to introduce new problems.
Users will be initially frustrated by changes to systems or organizational policy, but they will
adjust over time. This is true for system changes requiring behavioral changes such as
automated lighting or fenestration systems. Document these changes and determine if there has
been any improvement in attitudes or acceptance since the installation. If additional training is
needed, create an action plan to provide it in a timely manner. Schedule time to follow-up again
after performing this evaluation.

Common Ergonomic Assessment Pitfalls
Scheduling and conducting the interviews takes time, sometime making this method very
costly. Training interviewers may be necessary, including ensuring that the interviewer has
enough knowledge of the subject matter and feels confident in his or her ability to conduct the
interview. In addition, interviewer error or bias is a major problem. Changes in tone of voice or
the phrasing of questions, or even the gender or appearance of the interviewer, can lead to
errors and bias. Detailed interviews produce a huge amount of data in a short period of time,
which can make analysis difficult. Too much flexibility can result in inconsistencies across
interviews.
While surveys have a number of advantages, they also can create problems. Surveys are
relatively inflexible tools. For example, if you mail out a survey to 500 employees and discover,
as responses start coming in, that the phrasing in a question is confusing to respondents. It is
too late to revise the question. In-depth interviews allow a researcher to provide additional
clarification or explanation of a question.
Surveys also do a poor job of uncovering trends or results that you didn’t expect. If your survey
is looking to evaluate whether or not a cooling system is working properly, you might ask
questions specific to that system. But what if employees are uncomfortable because the
incandescent lamps at their workstation create too much heat? Respondents may feel that the
cooling system is just fine and report that, while they are suffering from a problem that your
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survey could not uncover. Conversely, they may report that the cooling system is ineffective
when the problem is the lighting system.
Field research is well equipped to answer the question of “how” an event occurs. This is
different from the “why” questions that surveys typically answer. When working in the field,
you are asking how the processes you are evaluating occur, how people are spending their time,
and how events unfold. Revisiting our cooling system example, you may understand why
employees are reporting that the cooling system doesn’t work – because the lighting is too hot –
but you may not understand how that problem affects them.
Field research is the most costly in terms of time and money because it takes the researcher a
long time to gather the information. Costs may cause the collected data to come from a
relatively small sample of the relevant population, skewing results.

Resources
Human Factors and Ergonomics Society: HFES.org
World Health Organization: Who.int
Clinical Human Factors Group: Chfg.org
A Strategy for Human Factors/Ergonomics: Developing the Discipline and Profession:
http://www.tandfonline.com/doi/pdf/10.1080/00140139.2012.661087
Sociological Inquiry Principles: Qualitative and Quantitative Methods:
http://2012books.lardbucket.org/books/sociological-inquiry-principles-qualitative-andquantitative-methods/index.html
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Appendix B: References and Standards
This information will be provided in the final report.
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