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Executive Summary
This study describes the outcomes of field research, data analysis, and expert feedback
undertaken to:
•

Investigate zero energy and deep energy retrofit pathways for existing homes in San
Francisco

•

Learn from experienced general contractors, as well as home performance contractors,
about the challenges and opportunities for improved energy efficiency in San Francisco
existing homes

•

Increase contractor awareness of net and deep retrofit goals and pathways and how their
work affects home performance

•

Support job development programs through the stimulation of demand for energy
efficiency retrofits and zero net energy homes

To serve these goals, the project team pursued three primary activities:
•

Development of deep retrofit pathways towards zero net energy homes in San Francisco

•

Home performance testing and data gathering from recently implemented home retrofit
programs. Modeling of deep retrofits towards zero net energy homes using Energy Pro
software and Energy Upgrade California data collection forms

•

Information gathering from and outreach to the contractor community through meetings,
interviews, a focus group, and a training event

This report discusses the methods and findings for these activities, as well as implications for
future programs and policies. A summary of activities and achievements follows.

1.1 Energy Retrofit Pathways
The pathway to zero energy homes was developed through analysis of databases from home
energy retrofit incentive programs (Energy Upgrade California, San Francisco Home
Improvement and Performance Program), grant‐funded testing on small multifamily (2‐ to 4‐
unit) homes, and interviews with experts. EnergyPro modeling software applied the predicted
energy savings of a uniquely defined set of upgrades (“Zero Net Energy Pathways”, discussed in
detail in Section 6) to homes. Hypotheses were tested, such as whether architectural types or
other construction features common to San Francisco could be used to predict energy retrofit
opportunities. Conclusions will be incorporated on an interactive home performance diagnostic
web tool (funded by a separate grant) that will be promoted throughout the San Francisco for
use by residents to become educated, assess their energy options, and sign up for energy
assessments and upgrades.

Chapter 1
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Figure 1 ‐ Zero Net Energy Pathway, characterized as personality types (see Section 6 for details)

1.2 Data Collection and Analysis
Home Performance test results, analysis and modeling were used as the basis for making
recommendations for achieving deep retrofits as a key step toward zero net energy use. The
data available and analyzed included 44 San Francisco homes for which PG&E provided data
summaries, and a subset of 25 homes where San Francisco Home Improvement and
Performance Program had details for each home. Multifamily data included 12 newly tested
units (flats) in four buildings and 17 units in seven buildings from a 2006 study. Modeling on
selected homes, and statistical analysis, have established pathways toward zero net energy
which can and should be enhanced and funded for analysis as energy upgrade programs grow.

1.3 Workforce Development
San Francisco has provided workforce development through stimulating demand and training
practitioners in Home Performance, with 4 sessions and 51 total attendees. Audiences have
included contractors immediately entering the Home Performance field as well as contractors
specializing in other areas, such as remodeling general contractors and trades people, such as
HVAC, plumbing and electrical contractors. Outreach and training for a larger universe of
existing home contractors has been the focus in order to grow employment and the number of
upgrade projects.

Chapter 1
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1.4 Conclusions & Next Steps
1.4.1 Findings
The zero net energy pathways are consistent with, and build upon, the energy upgrade results
found in San Francisco energy upgrade programs, the experience of contractors consulted, and
testing results.
•

The most used measures in the program so far are Air sealing (75%), Attic/roof insulation
(48%), Duct/HVAC replacement (44%) and Furnace replacement (40%).

•

Average percentage energy savings was 33% and project costs average was about $10K and
the median just under $8K (before rebates). The maximum savings for participating homes
were greater than 50% of energy usage. Rebates accounted for an average of 43% of project
costs.

•

The homes age in the data averaged 90‐100 years, which is slightly older than the average
age of San Francisco homes, showing that strong results are possible in the SF housing
stock.

•

All deep retrofits included air sealing and insulation and those measures accounted for large
portions of the energy reduction. The systems that had the most impact in deep retrofit
modeling (50‐70%) were the combinations that heat with either a combined hydronic
system or heating with heat pumps.

1.4.2 Conclusions

Chapter 1

•

Zero energy homes in San Francisco are feasible. All the modeled pathways used readily
available technology and reduced energy to a level that in most typical homes could be
supplied by on‐site renewables.

•

Commonly prescribed energy efficiency steps can result in deep savings, especially in San
Francisco’s numerous older homes. Existing home performance processes, building science
knowledge and current technology are sufficient to achieve zero net energy homes.

•

Deep retrofit modeling showed 50‐75% reductions with the proposed zero net energy
pathways.

•

There is minimal statistical correlation between the characteristics of a home and its
predicted energy savings. A larger data set might yield different conclusions.

•

Architectural type is not the best predictor of energy efficiency upgrades pathways, Rather,
home features and construction details are most important, such as balloon framing, bay
windows, etc

•

Home performance knowledge is still lacking in the overall contractor community and
misconceptions about effectiveness of various steps are common. Non‐permitted
renovations often create energy performance problems.

•

Policy and incentives for single family homes must differ from those for small multifamily
homes due to difference in resident cooperation needed, multiple ownership structure in
multifamily and percentage ownership.
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The most accurate approach to small multifamily modeling energy savings percentage is to
perform “top‐down modeling” of the whole house versus “bottom‐up modeling” of the
flats. The “bottom‐up” approach negates the fact that there is communication between
flats and does not address the idea that the building performs as a single unit.

1.4.3 Next Steps
In continuing to break new ground in the home performance field, and moving forward towards
zero net energy homes, San Francisco should continue to seek funding for specific actions
including:
•

More homeowner education and outreach.

•

More contractor outreach with a goal of reaching >75% of the practitioners.

•

Continued data collection, analysis. Reviewing the growing amount of information is
imperative.

•

“Truing up” the data after a year to see the actual results of the retrofits and how they
compare with the modeled predictions. Collecting actual utility bills from homeowners is
essential and has rarely been done by existing programs in the US.

•

Investigate reasons for the prevalence of non‐permitted home renovations.

•

Create a policy on energy usage transparency for homeowners and renters. The policy must
focus on data availability from local utilities.

•

Initiate a combustion safety program. Because combustion safety testing includes several
steps that assure all gas appliances function well, there are safety, health and global
warming emissions reductions that could be achieved, a strong synergy.

•

Pass on learnings on 2‐4 unit building performance, ownership and metering structure, and
conduct further research to help the City develop effective incentives for these buildings.

•

Encourage staged retrofits with the goal of achieving ZNE over time. Support creation of a
multi‐year workstage plan and create incentives for each step/tier.

•

Establish an ongoing system in San Francisco for collecting and monitoring a set of
consistent building performance metrics by which to judge baseline and improvements.

1.4.4 Research & Questions
Additional areas for future research and funding:

Chapter 1

•

Which variables will prove most significant in predicting home performance success?

•

Current City goals aim to reduce natural gas due to its carbon intensity, and
biogas/decarbonized gas supply should also be considered. What is the optimal
consumption mix (analogous to grid supply mix) for the City of SF? How will this influence
technology choices in the ZNE pathways?

•

The San Francisco peak electrical demand problem would be exacerbated by shift from gas
and other fossil fuels to electricity. This report assumes that is not a constraint, but it may
be.
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•

How do you engage renters and homeowners in a conversation about zero net energy? How
does it become something that matters to them?

•

How best to address the non‐building energy uses within the home? Are building
dashboards effective at changing behavior and reducing plug loads?

•

Do offsets (whether direct access or renewable energy certificates) all need to be sourced
from within the City? Are offsets more cost effective than distributed (on‐site) generation?
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Project and City Goals

2.1 Background
This project focused on creating viable models to create Zero Net Energy homes from San
Francisco’s existing housing stock, a project of the City’s Department of the Environment (SFE).
Since residential sector energy use is responsible for 22% of San Francisco’s carbon footprint,
this project is an important step in meeting the City’s overall climate goals and in helping reach
its specific goal of reducing GHG emissions in buildings to 20% below 1990 levels by 2012
(330,000 metric tons from 2008 level). Initial research is required to discover the best and most
cost effective pathways to ZNE Homes in San Francisco, given the unique characteristics of its
housing stock. A Zero Net Energy Home is a home whose annual energy use has been reduced
as far as is feasible, to a level that is completely supplied by renewable energy produced by the
home. If opportunities for renewables on site are insufficient to offset use, buying into com‐
munity solar or purchase of Renewable Energy Credits (RECs) can be considered to offset usage.
In the last 20 years, significant strides have been made in developing ZNE models for newly
constructed homes. While these models are much needed; in older cities, including San
Francisco, housing stock is comprised of a variety of building types, from different eras and
constructed of a variety of materials. The majority of San Francisco’s population lives in older
buildings not designed for energy efficiency. San Francisco homes can be uninsulated, drafty,
and rely on outdated heating systems. They have significant scope for envelope, equipment,
and operational improvements, yet much of the existing research for ZNE homes is not
applicable to this stock. Spurred by the realization that cuts in residential energy use are a
critical component of any overall GHG reduction strategy, experts have begun to identify
practical steps to help owners of existing homes reduce their net energy needs to zero. In
addition, a very high percentage of San Francisco’s carbon emissions can be attributed to the
use of natural gas, unlike other areas in the US where emissions are caused primarily by the use
of electricity. This is particularly true in the residential sector, where gas powered water and
space heating typically account for over 90% of the energy use of a home.1 Thus there is an
additional need to create ZNE homes options for San Francisco is this area.
In addition to addressing climate issues, there is significant potential for creating Green Collar
jobs in the residential energy retrofit market. San Francisco has received state funding for many
years to provide retrofits primarily to small businesses, and while this has increased demand for
service, commercial projects usually rely more on materials than labor. By contrast, the bulk of
home retrofit costs are for labor (particularly for activities such as auditing and air sealing). By
focusing resources on increasing the demand in the residential market, the City can create
more long‐term local employment for its citizens.
Currently, there is a small number of home performance testers working in the San Francisco
market. Reasons for this include the lack of homeowner demand for and awareness of the
1

Exclusive of occupant plug loads.

Chapter 2
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services, the mild climate that allows homeowners to live with less efficient homes, the city’s
various housing types, difficulty working with older housing stock, and the complications of
working in older homes and tight spaces, and updating old work that may have been done
improperly or without permits. Yet, home performance contractors have shown the potential
to achieve 30% to 40% energy savings, indicating a significant need to demonstrate to the rest
of the home remodeling industry how this can be done in San Francisco’s market.

2.2 Project Focus
This project provides a framework to create viable pathways to ZNE homes in San Francisco by
1) Identifying proposed home performance improvement pathways for San Francisco
2) Establishing a process for long‐term data collection and verification of the pathways
3) Developing the workforce to serve the retrofit market to implement the pathways
Methods for achieving the goals included:
•

Testing

•

Modeling

•

Study of existing pathways and programs

•

Personal interaction with subject experts (interviews, meetings, focus groups)

•

Outreach and training

2.3 Zero Energy
SFE's energy program is directed at energy use in private sector buildings, both commercial
(25,000 buildings) and residential (170,000 buildings). The goal is to reduce energy use in these
buildings by first implementing efficiency and conservation measures, and then installing
renewable resources to achieve as close to zero net energy as possible. A SF ZNE home will use
energy from the local grid. But unlike typical homes, a SF ZNE home will incorporate both
passive and active building design principles (using currently available technology), be highly
efficient, and draw enough power from onsite or near‐site renewable energy installations to
cover all its energy needs, resulting in net‐zero annual energy use. See section 7.1.4 for more
discussion on the energy production aspect.
SFE has made great strides establishing one of the largest City‐run energy efficiency programs
in California, funded through the Public Goods Charge, a fund created by allocating a portion of
the rates paid by PG&E customers to the State specifically for energy efficiency programs. ARRA
funds have been used to establish the SF Home Improvement Program (SFHIP) focused on
single family homes.

Chapter 2
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2.4 Workforce and Energy
San Francisco is expanding the green economy and promoting green jobs through its
environmental policies and programs. In addition to supporting wider City efforts, such as
TrainGreenSF, SF Environment has played a direct role by developing its own green jobs training
and workforce development program, Environment Now. This project‐based green jobs training
program was originally funded through ARRA workforce funds and is designed to support soft
skills development and technical job skills alongside eco‐literacy and environmental
stewardship. It has proven so valuable to SFE as an outreach and training tool, that when ARRA
funds were not renewed for these types of programs, SFE found funding to continue the
program for the next two years (albeit at a reduced level). Environment Now participants work
closely with SFE staff on a variety of projects and outreach campaigns to multicultural,
multilingual neighborhoods on energy and other issues. SFHIP has already been able to
leverage this program by providing training to Environment Now workers, and having them
distribute more thousands of door hangers about the SFHIP to neighbors where homes have
been retrofitted.

Chapter 2
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San Francisco Trends and Unique Characteristics
San Francisco has several unique characteristics that necessitate a tailored approach to bringing
its existing homes to zero net energy.

3.1 Housing – Single Family and Small Multifamily Homes
3.1.1 Age, Size, and Ownership
A house’s age, size, ownership, and other factors will contribute to determining how to improve
its energy efficiency. Knowing the general characteristics of the City’s housing stock is the first
step in assessing these variables. This excerpt from the Housing Element section of the San
Francisco General Plan, dated March 2011, describes the roughly 200,000 single family and
two‐ to four‐unit buildings (2008 data), which are the focus of this report. (emphases added)
Totaling about 363,660 units [of which 111,263 are single family homes, and 81,743 are 2‐4 unit
small multifamily homes], the City’s housing stock is roughly divided into low‐, medium‐, and higher‐
density structures. The City’s housing stock is older than other West Coast cities, with over 50% of
the City’s housing units constructed before World War II. San Francisco’s housing tends to be
smaller in size, with about 72% of all units containing two bedrooms or less. San Francisco, like most
large cities, is a city of renters who occupy 62% of housing units in the City.

As will be described in more detail later, the age of a house, irrespective of other factors, will
have a significant effect on the best way to retrofit it.
However, with respect to ownership, single family and two‐ to four‐unit buildings statistics
differ from one another, with a 69% ownership rate in single family and a much lower 17%
ownership in two to four unit buildings. These statistics have implications for program outreach
and implementation. Additionally, energy efficiency options change with the challenge of flats
on multiple levels, and the smaller average square footage of units in small multifamily homes.
Smaller units, however, can benefit from strategies that large spaces cannot, such as using heat
pumps, which are available for smaller spaces.
Given seismic retrofit needs and a housing stock with 75% of units over 50 years old, San
Francisco has perhaps the greatest housing preservation need in the state. Between 2000‐2007,
per the SF Housing report, renovation projects affected 18,900 units (based on permits pulled)
with average project costs of $53,000 per unit. 92% of projects were in one‐ and two‐person
units.

3.1.2 Building Characteristics
Several characteristics of San Francisco housing that impact performance were identified by a
focus group of home remodeling contractors with long experience in San Francisco. For a
complete account, see Section 4.2 of this report. Key common themes included the following:
•

Chapter 3

A poorly defined building envelope, both in thermal boundary and air boundary
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•

Occupants living in spaces not intended or designed for habitation and conditioning
(porches, garages)

•

Architectural complexity (e.g. bay windows, recessed interior shelving, etc.)

•

Old buildings that have been “serially” remodeled, making it difficult to draw blanket
conclusions on appropriate measures by architectural style or time of construction

Additionally, the group reinforced the notion that decisions on retrofitting are strongly affected
by residents’ behavior and local (and even micro) climate factors. These include the following:
•

Mild climate

•

Ocean breeze and fog

•

Willingness to live cold, and/or create interior “zones of comfort”

•

Rental tenants’ reluctance to raise issues or inability to make changes

•

Concerns about permit issues, both for current and previously unpermitted work.

3.2 Climate
3.2.1 Weather Impact on San Francisco Buildings
San Francisco has a climate that is heavily influenced by the ocean and bay. Winters are rainy,
and summers tend to be dry with afternoon fog and wind typical. Temperature varies relatively
little from the comfort zone throughout the year.
For single family and two‐ to four‐unit buildings, the primary weather‐influenced energy
efficiency and home performance considerations are:

Chapter 3

•

Air conditioning is very uncommon. San Francisco has only 163 Cooling Degree Days per
year (using 65°F as base), comparable to Pacific cities like Seattle (192) or high altitude
locales like Flagstaff (126). Compare these figures to about 950 for New York City or 1,500
for Los Angeles (or Miami at 4,400).

•

While heating is indicated for a significant part of the year, it is only to maintain optimal
indoor temperatures. San Francisco has only 2,600 Heating Degree Days per year (using
65°F as base), comparable to southern cities like Atlanta or Birmingham. Compare this to
almost 5,000 for New York City or 7,900 for Minneapolis. San Franciscans can survive, and
many traditionally have, without heat. Energy efficient designers find that the smallest gas
furnaces are still oversized for the needs of most San Franciscans.

•

Moisture can damage buildings if not properly managed. Energy efficiency solutions
implemented by knowledgeable contractors can deal with this, but uneducated actions can
cause problems.

•

Water driven rain penetration of building exterior sheathing systems, failing roofing, or
improperly done flashing can occur, forced by wind speeds of up to 50 mph.

•

More details about San Francisco weather conditions are in Appendix F.
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3.2.2 Microclimates
Weather in individual neighborhoods in San Francisco may vary significantly from the
temperature and humidity norms due to variation in topography and proximity to the ocean.
Particularly in summer, areas that are exposed to the wet westerly winds may be very cool and
foggy, while areas that are protected by hills tend to be warmer and sunnier.

Figure 2 – San Francisco summer fog patterns from Weather of the San Francisco Bay Region by Harold Gilliam,
UC Press, 2002

Chapter 3
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3.3 San Francisco Energy
3.3.1 Energy Sources
Most San Francisco homes are served by Pacific Gas & Electric Company (PG&E). The PG&E
electricity source mix has a high percentage of large hydropower and nuclear, almost no coal,
and a growing renewable component. This gives it relatively low embodied greenhouse gases
compared to the national average, and also, significantly, compared to natural gas alone.

Figure 3 – PG&E 2009 projected power mix (top) and emissions estimate by EPA (bottom)

3.3.2 Comparison of Electricity and Natural Gas
Recently, the city’s goals have shifted focus from electric peak reduction toward carbon
emissions reduction. This shift has led to a new emphasis on reducing natural gas usage
because it is more carbon‐intensive than electricity. It should be noted, however, that grid‐
supplied biogas is becoming more viable and available, which represents an option for
decarbonizing the gas supply. Nevertheless, gas use of any type can have pipeline leaks (global
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warming impact of methane is 21 times that of CO2) or improper combustion and poor venting
of combustion by‐products. BPI and PG&E require testing for all these combustion safety issues
during a home assessment. Thus home performance testing and energy upgrades can improve
safety, health and global warming.

The San Francisco housing stock in aggregate uses the following energy annually:

Electricity
(MWh)
Natural Gas
(Therms)

Consumption

EF (MT CO2 / Unit)

MT CO2

1,408,976

0.29515

415,863

149,718,755

0.00531

794,359

Table 1: San Francisco housing stock energy use

The San Francisco Net Zero Energy Homes Program is primarily expected to reduce gas usage.
As of July 1, 2011, reductions from the SFHIP Program have been as follows:
Savings

CO 2 equivalent savings
(lbs) with PG&E carbon
factors

Electricity (kWh)

12,850

6,733

Natural Gas
(Therms)

13,056

175,556

% of CO2 equivalent savings
from Natural Gas

96%

Table 2: SFHIP energy reduction
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Contractor Knowledge Gathering

4.1 Focus Group, Meetings and Interviews
One of the best ways to gain information about San Francisco housing’s energy performance is
to simply ask those who work every day on these homes. This dialog doubles as an outreach
technique, thus serving two of the project’s primary goals: deep retrofit pathway development
and workforce development.
The research team was interested in eliciting input from the contractors on different pathways
to zero net energy, and to what degree they felt these pathways were influenced by
architectural style, owner preferences, and a host of other factors.
A formal focus group was held on May 25, 2011, with 20 experienced San Francisco contractors,
including building performance specialists, general and solar contractors. Discussion topics
included:
•

•

•

•

Input on Home Types and Construction Features
o

What features are unique to SF building stock?

o

Do certain features appear more frequently in certain home types?

Input on Features and their Effects on Home Performance
o

Which of these features create home performance problems?

o

What are the best approaches to improving performance when these features
are present?

Feedback on ZNE Solution Paths
o

What measures combine to achieve the deepest energy savings in SF?

o

What measures are appropriate for different SF homeowners?

What are the biggest home performance problems in SF?

In addition, the team interviewed Rick Chitwood, a recognized expert on home performance,
and who co‐authored a report on small multifamily homes in San Francisco in 2006 for SFE (see
Appendix A).

4.2 Features and Performance Results
Based on the contractor focus group and the interview with Rick Chitwood and others, the
team summarized feedback on building features, home performance issues and approaches to
handling them in Table 4, presented below. The detailed discussion notes are in Appendix B.
By linking common San Francisco home features with associated problems and potential
solutions, the team hopes to do the following:
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•

Assist homeowners in educating themselves about what energy retrofits might be valuable
for their particular building.

•

Educate contractors who may be new to home performance about upgrades that could be
made during work on a particular home feature, and what exacerbating mistakes could be
avoided. For example, while rewiring a home with knob and tube wiring, a contractor using
this list might be encouraged to think of adding wall insulation.

It is worth noting that the original intent was to associate architectural style or building type
with performance problems and solutions. However, all sources concurred that problems were
much more clearly correlated with individual features than with building type, and that features
did not correlate well enough with style to use style as a primary organizer. Many house
features that have large energy impacts in modeling and building science approaches, such as
attics, crawl spaces, and insulation, cross over all architectural types. For more detail, see Figure
25 in Appendix B.
Age (often correlated to how many times a home has been remodeled), was also likely an
important consideration. On average, homes participating in San Francisco’s upgrade program
are 91 years old, and nine out of 25 SFHIP homes are over 100 years old.
Figure 4 shows the distribution of year built among SFHIP upgrades. Though the sample size is
small, upgraded homes to date are disproportionately older than SF homes in general, and this
trend appears to be consistent in PG&E EUC data.
Age Distribution – Numbers of Participating Homes
11

6

1950s

1940s

1

1
1970 and later

4

1930s

1910s

1900s

1890s

1880s

1870s

1950s and
later

SFHIP Participating Homes Data (n= 25)

3

1

1
1940s

1930s

1

4

3

1920s

3

3

1960s

5

1920s

1910s

1

6

2

1900s

1

1890s

1870s

1

1880s

5

Year built
PG&E EUC Data – all SF homes (n=44)

Figure 4 – Age of San Francisco homes participating in Energy Upgrade California and SFHIP
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Whole City (362,380 total)

SFHIP Homes (25 total)

Built 1940 or Later

178,786 (49%)

8 (32%)

Built 1939 or Earlier

183,594 (51%)

17 (68%)

Table 3: Age comparison of all San Francisco homes and SFHIP homes

The architectural types tested are shown in Figure 5 below.

Boxy

Typical Garage on
characteristics bottom with

Italianate

Period
Windows
Roof

Varies

Edwardian

Marina

Sunset

False front

First floor
"normal"
Second floor
within roof
(knee walls)

Two stories
typcially over
garage

Over garage

Like Marina but
smaller

Varies

Varies

Mostly in
Richmond
District
Mostly 1910s

In Marina and
other Districts

In Sunset and
other Districts

Mostly 1930s

Mostly 1920s ‐
1940s

A variety of bay
types and flat
windows
Flat or pitched
roof

Row of windows, Mostly flat, some
bay and flat
bay

single story
above, square
shape

Location

Victorian
Row House

Varies, many mid‐ Varies, many late Mostly 1850s ‐
20th century
19th century
1910s
"Flat" façade (no Tall, vertical Bay Both bay and flat
bay windows)
windows, angled windows
or boxy
Flat roof
Flat roof
Pitched roof

Varies

Varies

Figure 5 – Primary architectural types identified in San Francisco with the original, but discarded, intent of
cataloging performance problems by architectural type
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What features are
common in SF
homes?

What home performance
problems do these features
create?

What are the best
approaches to improving
performance when these
features are present?

Thermal boundaries
not well defined

Heat leakage and sinks

Analyze. Define thermal boundary.

Living in spaces not
intended or designed
for habitation & con‐
ditioning (porches,
garages, basements)

Health & Safety (combustion gas
exposure) Cold, VERY difficult to
air seal or insulate because no
"normal" wall spaces.

Insulation, air sealing

Bay windows

Access & construction difficult

Insulation, air sealing

Serial remodeling

More labor and costs in doing
retrofit work because must tear
out more layers. May be easier to
deal with these since they have
fewer original features (less
homeowner attachment).

Experienced construction person
should do the estimate and work
plan. This is why an auditor with
little construction experience can
have challenges, and why one
contractor often is not comfortable
bidding on another's job without
doing the inspection and audit
themselves

Multiple flats on
multiple levels

Problem for forced air ‐ hard to
run ductwork without piercing the
building envelope, may have to
build drop soffits (takes space) or
work in very tight spaces

Zonal heating systems, heating one
part of house. Mini split heat
pump(s), room by room solution.
Electric radiant panels or heaters.

Gas used unsafely
(unvented
stoves/ovens)

Health, air quality concerns
(carbon monoxide) made worse
by air sealing.

Add vents (via cabinets if row
house)

Uninsulated crawl
spaces over dirt

Moisture intrusion

Dry out and air seal.

Accessible uninsulated
attic (especially in
Victorian and
Edwardian homes)

Heat loss, discomfort, higher
energy use

Insulate the attic

Lead paint

Major health concern if disturbed
for remodel

EPA Lead safe certification and
proper EPA/ OSHA work practices

Asbestos

Major health concern if disturbed
for remodel

EPA / OSHA
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Leaky doors and
windows

Heat loss but likely not as much as
attic plan leakages and bypass

Start air sealing in attic, bypasses,
etc. finish with weatherstripping
doors and windows ANALYSIS &
correction (comment: New windows
may save 20% but often see 40%
savings just from locating and fixing
problems through analysis)

Incorrect operation,
installation, lack of
maintenance

The attraction of "new shiny high
tech" leads homeowners to ask
for systems for which installers
are not experienced, and which
require lots of "hands on"
operation ‐ meaning call backs,
setup time and costs for
contractors

Install simple systems that require
minimal operation, or be prepared
to train crew and homeowner.
Certain customers may be good
"new technology testers" but be
sure before specifying, even if they
really want it.

Inefficient appliances

Harder for Home Performance
contractor to enter this area ‐
more appropriate for the
remodeler / partner with a
designer because homeowners
desire certain look/feel

Replace appliances ‐ recommend
Energy Star ‐ rebates

Recirculating DHW
pumps at the water
heater or for entire
distribution system,
often with uninsulated
hot water pipes, or
pipes are not
accessible

Constant heat loss (It's really a
radiator, and usually under the
house heating the rats in the
crawlspace…)

Install a timer adjusted for the use
pattern. Insulate all accessible pipes.
Install a demand pump and switch
at the use point (push the button, it
pumps until hot water arrives, then
turn on water)

LONG hot water pipe
runs from water
heater to use point.

Water wasted as waiting for hot
to arrive.

Insulate all accessible hot water
piping. Install a demand pump and
switch at the use point (push the
button, it pumps until hot water
arrives, then turn on water)

Table 4: Home Feature and Performance Matrix
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Home Testing Results and Data Analysis

5.1 Single Family Data Analysis
Home Performance test results, analysis and modeling were used as the basis for recommenda‐
tions on achieving deep retrofits toward zero net energy use.
The data set for San Francisco came through the Energy Upgrade California and San Francisco
Home Improvement and Performance (SFHIP) programs. Both of these programs have been
running for less than a year as of this writing, and the volume of homes using the program, and
thus providing data for future analysis, is increasing rapidly.2
The data available and analyzed for this report consisted of 44 San Francisco homes for which
PG&E provided data summaries, and a subset of 25 of these homes about which the San Fran‐
cisco Home Improvement and Performance Program had additional details. Now that, as a
result of this research, a framework has been built with PG&E for data handling and confiden‐
tiality, the modeling on selected homes and statistical analysis has established pathways
toward zero net energy that can and should be enhanced and funded as energy upgrade
programs grow.
The two sets of data were:
-

25 San Francisco homes submitted to the PG&E Energy Upgrade California and SFHIP
programs between October 22, 2010 and June 20, 2011 for which complete energy data has
been released.
o As of June 20, 2011, pre‐upgrade and proposed post‐upgrade data was available for all
25 jobs and post‐upgrade data was available for 12 jobs. The analyzes were performed
using the post‐upgrade energy savings, job cost, and scope of work data for those 12
jobs, and proposed data for the remaining 13 jobs. For all analyzes the sample size is 25,
unless otherwise noted. Jobs submitted to the program that were later cancelled or
deemed ineligible for a rebate were omitted from the analysis and are not included in
the sample size of 25.

-

44 San Francisco homes submitted to the PG&E EUC program (this set includes the 25 SFHIP
homes).
o The data for this larger sample set is aggregated from the individual homes. Trends and
correlations can be seen, but, because of privacy rules, not individual data points.
o One success of this project was the development of a format that PG&E/EUC will use to
overcome confidentiality obstacles to release data. SFE staff worked with PG&E staff
through several iterations and management approvals to develop this initial release.
PG&E staff noted that many other cities and counties have been requesting information
and that the work done for San Francisco is establishing a precedent that will be used
elsewhere.

2

Funding additional analysis should be a top priority as the database grows and the learning and analysis opportunities
expand.
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5.1.1 SFHIP & EUC Data
Energy Savings
The average modeled energy savings for SFHIP homes to date is 33%. The median savings is
35%, and the maximum modeled energy savings is 54%. These numbers reflect the actual test‐
in and test‐out data for homes which have been modeled as they participated in the SFHIP
program.

$6000

$4000
$3500

Figure 6 – Energy savings (%) and rebate amounts ($) for SFHIP Program

Energy savings distribution – Numbers of Homes
9

8
6
3

3

2

2

6
4

3

3

3

3
2

SFHIP Participating Homes Data (n= 25)

PG&E EUC Data – all SF homes (n=44)

Figure 7 – Energy savings % for SFHIP and EUC programs
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Rebate Amounts
While EUC rebates are tiered to the level of modeled energy savings as shown in Table 5, it is
noteworthy that the average savings is well above the minimum qualifying threshold of 15%.
SFHIP adds an additional flat $2,000 in rebates above and beyond the EUC rebates for any
house which meets the minimum 15% level. The median EUC rebate is $3500, while the
average is $2,938. Among those EUC homes who also participated in SFHIP, the average was
higher, and these homeowners have received an average of about $5,400 towards their
upgrade projects.
Energy
Savings

EUC
Rebate

SFHIP
Rebate

Total SF
Rebate

15‐19%

$1,500

$2,000

$3,500

20‐24%

$2,000

$2,000

$4,000

25‐29%

$2,500

$2,000

$4,500

30‐34%

$3,000

$2,000

$5,000

35‐39%

$3,500

$2,000

$5,500

40% and up

$4,000

$2,000

$6,000

Table 5: Energy Upgrade California and SFHIP rebate values

Job Costs
The average cost of upgrades among SFHIP jobs is $10,538, while the median cost is $7,846.
That the average exceeds the median indicates that a handful of high‐cost jobs skews the
average higher than a typical upgrade cost. The minimum job cost submitted is $5,359, and the
maximum is $25,203. Anecdotal evidence suggests that job costs may vary by what the
customer is willing or able to pay, not just by actual work scope. Combining cost data and
rebate amounts, the average SFHIP customer, as of June 2011, had 43% of their job costs
covered by rebates.
Lack of Correlation Between Savings and Variables
Reflecting the wide range of job costs, the amount of energy saved per dollar spent on upgrade
measures was highly variable. The average cost per 1% modeled energy saved was $360, but
the range spanned from a low of $131 to $825. In general, there was a weak relationship
between modeled energy savings percentage and other characteristics of the home or upgrade.
The r‐squared value (a measure of how strongly one variable correlates to another) for the
relationship between % energy savings and job cost was 0.075 (i.e., only 7.5% of the variability
in modeled energy savings can be statistically attributed to the cost of the job, while 92.5% of
variability in energy savings can be attributed to other influences, a very low correlation).
Square footage (R2=0.017; 1.7% of variability) and age of home (R2=0.059; 5.9% of variability)
showed even more tenuous statistical relationships. Because of this variability and the
extensive number of variables influencing the outcome of an upgrade, contractors and
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organizations promoting Energy Upgrade California and whole‐house energy upgrades in
general should exercise caution when applying energy savings or job cost trends to individual
homes. It would be more realistic to express a range of energy savings and cost outcomes (e.g.,
half of upgrades achieved savings between 20% and 40%; half of upgrades cost between $6,500
and $13,000 before rebates were applied).
Variables Affecting Energy Savings
These results suggest that additional overriding factors (e.g., contracting company, scope of
work possible in the home, installation quality of existing energy efficiency measures, etc.) may
more strongly influence the final savings outcomes than home size, home age, and job cost.
Note that the incentive dollars are linked only to the energy savings percentage. The upgrade
incentives are not attached to specific measures. Instead the contractor and the homeowner
work together to make a plan of measures that is tailored to the house and the homeowner.
Work scope varied among upgrades submitted to the program. Air sealing was the most
common measure, and was included in the job scope of 19 of the 24 (79%) SFHIP jobs for which
a complete scope of work was submitted. A fitted trend line for average air changes per hour
(ACHn3) across all participating homes pre‐retrofit is shown in Figure 8a below, plotted against
home age, showing that most homes lose more than half their air volume to leaks every hour.
Pre‐Retrofit ACHn (Air Changes per hour – natural)
R² = 0.2518

R² = 0.2285
1.4
1.2

ACHn

ACHn

1
0.8
0.6
0.4
0.2
0

50

100

Age of Home
SFHIP Participating Homes Data (n= 25)
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Post‐Retrofit ACHn (Air Changes per hour – natural)
R² = 0.1748

R² = 0.1494
1.4
1.2

ACHn

ACHn

1
0.8
0.6
0.4
0.2
0

50

100

150

Age of Home

Age of Home

SFHIP Participating Homes Data (n= 25)

PG&E EUC Data – all SF homes (n=44)

Modeled Energy Use per Square Foot
R² =0 .0212

R² = 0.0002
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50000
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R² = 0.0212
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0
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150

Age of Home
SFHIP Participating Homes Data (n= 25)

0
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Age of Home
PG&E EUC Data – all SF homes (n=44)

Figure 8a – Air changes per hour natural (ACHn)3 and energy use statistics vs. age for San Francisco study homes

These plots show a relatively strong correlation between Air Changes per Hour natural (ACHn)
and home age. (Older homes are more leaky). The only other measure to appear in more than
half of scopes of work was attic/roof insulation (12 homes, 50% of submissions).

3

The n factor table used is from Residential Energy by Krigger and Dorsi, Appendix A‐11 page 284 of the Fourth Edition of
the book, using Zone 3 and normal exposure.
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Table 6 below shows the frequency of work scope measures among those jobs.
Measure

Frequency
(out of 25 total)

Air sealing

19

Attic/roof insulation

12

Duct/HVAC replacement

11

Furnace replacement

10

Wall insulation

7

Duct sealing/insulation

6

DHW replacement

6

Asbestos abatement

4

Floor insulation

3

Combustion appliance
safety remediation

2

Fans/Ventilation

2

DHW/pipe insulation

1

Lighting upgrades

1

Radiant barrier

1

Table 6: Frequency of final and proposed work scope
measures (counted final where work was complete,
proposed where not)
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The graphs below show other variables which failed to correlate strongly with energy savings4.
Correlation coefficients are shown for lines fitted to the data, even where points are not
plotted.
% Energy Savings vs Area
R² = 0.0172
60%
50%

Energy savings vs. square footage
data pending – average is 33%
savings, 1,892sf

% savings

40%
30%
20%
10%
500

1500

2500

3500

4500

Area (sq ft)
SFHIP Participating Homes Data (n= 25)

PG&E EUC Data – all SF homes (n=44)

% Energy Savings vs Age
R² = 0.0592

R² = .0483

60%

60%
50%

% savings

% savings

50%
40%
30%
20%

40%
30%
20%

10%

R² = 0.0483

10%

0

50

100

150

Age of Home
SFHIP Participating Homes Data (n= 25)

0

50

100

150

Age of Home
PG&E EUC Data – all SF homes (n=44)

4

The detailed point‐by‐point data for the 25 SFHIP homes is shown on the left, and the full set of PG&E/EUC San Francisco
data, for which only trends are available are shown on the right.
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% Energy Savings vs Cost of Retrofit
R² = 0.0753
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Window Area as % of Exterior Wall vs Age of Home
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Figure 8b ‐ Other variables that failed to correlate strongly with energy savings

5.2 Small Multifamily Home Testing
Small multifamily homes with two to four flats each were tested as part of the Living Cities
grant project. The multifamily homes tested in San Francisco are typical row houses, narrow
and deep. The houses have either a first floor garage or basement, which typically hold the
water heaters and furnaces; commonly one for each living space. The older multifamily homes
(pre‐1950’s) have lath and plaster coating while the newer multifamily homes have sheet rock
as an air barrier. Some of these barriers have been compromised by the addition of plumbing or
electrical work. Most of the first floor units lack an air barrier underneath the floor joists, thus
allowing the potential for air communication between the first floor living space and the
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garage/basement. This condition affects the thermal boundary and air quality, and can also be a
fire hazard.
The older buildings typically have back porches utilized in the summer that are unconditioned.
With today’s lifestyles, owners have expanded their conditioned living space to include these
back porch areas allowing unwanted air pathways into the conditioned area of the home. In
addition, we observed a mix of old (existing) and newly installed appliances (furnaces, water
heaters, and gas stoves), with some installed better than others. It is challenging to take an
older multifamily home built in a different era and successfully add today’s technology. Three of
the multifamily homes contained non‐vented gas stoves that resulted from past kitchen
remodels in which gas stoves were installed (likely due to either the lack of sufficient electric
capacity at the meter for electric stoves or simply a preference for cooking with gas). Also,
because these multifamily homes were built before kitchen ventilation was introduced (circa
1900) non‐vented gas stoves are a cause for concern because combustion gases re‐circulate
into the living space. This presents another problem in multifamily housing; how to vent the
exhaust gases to the outside. There is often little space for routing of ductwork from a proper
stove/ oven exhaust fan installation which must exhaust to the exterior.
All of the buildings tested had flat roofs; some were platform framed or balloon framed. This
seems typical of San Francisco construction. Some had limited attic access. In most of the
homes tested, no insulation, poorly installed insulation or spotty insulation installation were
observed.
The same gross water intrusion was observed in the buildings tested as was reported in the
Chitwood/Locke 2006 report in Appendix A. There was evidence of staining on the back of
redwood siding where the stud bays are open to visual inspection, e.g. attics, ground floor
parking garages, and basements. This indicates water has been accessing the wall assemblies,
and further investigation showed that there is an absence of a drainage plane (there is no
building paper present). The existing air movement behind the lath and plaster helps the
wetted assemblies to dry between exposure periods. If insulation is added to the wall, the wall
cavity will not dry out unless the drainage plane is properly repaired, which is costly. Therefore,
adding insulation into a wall cavity will not be worth the gain in energy efficiency because the
insulation will prevent the water from drying out and the result will cause a building failure due
to moisture damage.
Three of the four multifamily homes tested had ducted heating systems. The same observations
and conclusions as stated in the Chitwood/Locke 2006 report in Appendix A are confirmed, i.e.,
that ductwork is undersized and not sealed properly. Replacing existing ducts with properly
sized and sealed ducts is a good measure for improved energy savings and increased comfort.
The hidden filters noted in the 2006 study continue to be a key finding in the multifamily homes
tested. In all of the homes, filters were found in hard‐to‐reach places, were very dirty and
assumed to have been there since the furnace unit was originally installed. Dirty filters cause
heavily restricted air flow and major indoor air quality issues.
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Figure 9 – Actual furnace air filter found during testing alongside a clean filter (on floor), courtesy CBPCA

Similar floor layouts in each unit of a multifamily building do not mean different homes will face
the same issues. Each unit should be tested. Additionally, units at certain levels tend to share
some issues in common, which are discussed in Table 7.
Top Floor

Middle Floor

Bottom Floor

•
•
•
•
•
•
•
•
•

generally leaker
hotter and colder temperatures
susceptible to wind effects
unvented appliances
usually warmer than other floors
lower heating costs
infiltration of byproducts from
basement/garage
usually colder than above floors
less likely to have vented appliances

Table 7: Typical distinguishing factors of different floors of small multifamily homes
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5.2.1 Test Results Summary

District

Cole
Valley

Age

1902

Floor

2500
CFM50

125
CFMnat

Middle

680
CFM50

34
CFMnat

Top

Middle
Left

Botto
m

Chapter 5

2103
CFM50

4070
CFM50

1560
cfm50

105
CFMnat

204
CFMnat

78
CFMnat

Target for
air sealing
CFMnat

Leakiness
% over /
under

1917

Top

1670
cfm50

1635
cfm50

3784
cfm50

84
CFMnat

82
CFMnat

189
CFMnat

Duct
Blaster
Results

58

116% over
target

electric
heat, no
ducts

58

41%
under
target

electric
heat, no
ducts

58

71

32

82% over
target

31

37

66

asbestos,
did not test

186% over
target

148% over
target

1914
Middle
Right

Richmon
d

Unit
Leakage
@ CFM
natural
(n=20)

Top

Botto
m

Mission
Dolores

Unit
Leakage
@
CFM50

165% over
target

Furnace
Duct Type

Heating
System
Type

n/a

Electric
wall
heater pre
1978

n/a

Two
electric
wall
heaters

In ceiling
of garage

Natural
gas
80,000
Btu
<80%
efficient

n/a

n/a
floor and
wall
furnaces,
no
ductwork
to test

n/a

121% over
target

n/a

188% over
target

In
garage/ho
use, large
with
asbestos

asbestos,
did not test

Natural
gas, new
Natural
gas wall
45,000
Btu <65%
efficiency
Natural
gas, wall
45,000
Btu
<65%
efficiency
Natural
gas floor
60,000
Btu
<70%
efficient
Natural
gas,
gravity
80,000
Btu
<70%
efficiency

Water
Heater
Type
1991 gas,
40 gal.
35,000 Btu.
65%
efficiency
1996 gas,
40 gal.
34,000 Btu.
65%
efficiency
2006 gas,
40 gal.
34,000 Btu
2002 gas,
40 gal
40,000 Btu
65%
efficiency
2000 gas,
40 gal.
40,000 Btu
65%
efficiency
2000 gas,
40 gal.
40,000 Btu
65%
efficiency
2002 gas,
40 gal.
40,000 Btu
65%
efficiency

2002 gas,
40 gal.
40,000 Btu
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133
CFMnat

125
CFMnat

66

95

In garage,
large with
asbestos

102% over
target

32% over
target

227 cfm25

Ceiling

2500
cfm50

125
CFMnat

84

49% over
target

385 cfm 25

Ceiling

2800
cfm50

140
CFMnat

84

67% over
target

412 cfm 25

In ceiling
between
floors

Natural
gas,
gravity
80,000
Btu
<70%
efficiency
1989
natural
gas,
45,000
Btu
<80%
efficiency
1998
natural
gas,
45,000
Btu
<80%
efficiency
2010
natural
gas,
induced
draft
45,000
Btu
<80%
efficiency

2002 gas,
40 gal.
40,000 Btu

1999 gas,
40 gal.
40,000 Btu
65%
efficiency

1989 gas,
40 gal.
40,000 Btu
65%
efficiency

2006 gas,
50 gal.
40,000 Btu

Table 8: Results summary from small multifamily homes tested. Full reports in Appendix C.

5.2.2 Specific Findings
Multifamily data included 12 newly tested units (flats) and 17 flats from a 2006 study. Most
findings concur with the Chitwood/Locke 2006 report found in Appendix A. The multi‐unit
building stock has not changed much since the study, and results were re‐confirmed through
our testing protocols. The major findings include, but are not limited to the following:
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•

The discovery of multiple interstitial cavities allowing communication between units and
unconditioned spaces;

•

Plumbing and electrical pathways could easily be sealed to prevent air movement
because they are open to attics and basements;

•

Buildings would benefit from air sealing the shell in a few key areas such as pocket
doors, ceiling rim joists, open mechanical chases and penetrations to the chases, and
fireplace chases;

•

An average home leakage rate of two to three times what the house requires to be
properly ventilated;

•

Forced air furnaces tend to be oversized and have poor duct design, resulting in
improper distribution of air into the living spaces, which cause discomfort to the
occupants;
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•

Windows are single pane with old aluminum frames or old double hung wood frames,
and lead paint is a concern since the buildings tested before 1978;

•

Avoiding permitting and code compliance was pervasive among homes tested and is a
major cause for poor building conditions found, and these issues will have to be
resolved when energy retrofits are planned (e.g. unvented gas stoves, furnace and
water heater flues, plumbing and electrical penetrations); and,

•

One of the multifamily homes had visual moisture damage around windows and
bathroom ceilings.

The Chitwood/Locke 2006 report details suggestions about future code requirements that are
still relevant today. The most necessary code requirement for occupant safety is that homes
should have whole house combustion appliance safety testing performed by certified
individuals before and after any changes to the building envelope or if HVAC systems are part of
the energy upgrade. This Building Performance Institute (BPI) technical standard is used in over
100 programs around the nation, including Energy Upgrade California. This standard is vital to
identify potential hazardous conditions in homes and should be incorporated into any work
scope, along with post‐upgrade testing. In general, every home considering remodeling
upgrades should have a complete home performance assessment conducted by a certified
home performance professional. New protocols take into consideration how the building
envelope and mechanical systems communicate using systemic testing protocols such as BPI
technical standards to evaluate how the house system functions as a whole.
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Zero Net Energy Pathways
The Zero Net Energy pathways developed in this section are an attempt to analyze and
synthesize the results of the testing and upgrade modeling described in the previous section,
and group the individual upgrade components and their outcomes into a few generic pathways
that most broadly applicable and effective on the majority of San Francisco homes. A
combination of quantitative data and qualitative expertise went into the formulation of the
pathways. Data on the frequency and effectiveness of various energy efficiency measures in
achieving deep energy reductions was considered. This data was filtered through the judgment
of seasoned professionals regarding the feasibility and cost effectiveness of the measures based
on existing technology, experience in the field, and knowledge of homeowner behavior and
decision making. Put another way, the pathways had to be supported by the available data and
judged to be doable in the real world as it exists today.

6.1.1 Proposed Framework for San Francisco Homes

3.
Renewable
Energy

1. Demand
Reduction

2. Efficient
Systems

Figure 10 – Comprehensive and prioritized framework for achieving zero net energy in San Francisco homes

Figure 10 above describes an approach to achieving zero net energy for San Francisco homes. It
is intended to be simple and universally applicable. For our purposes, any pathway begins with
demand reduction, proceeds to improving systems efficiency, and then, only after usage has
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been minimized, meets the remaining demand with renewable energy that is generated onsite
or locally offsite. Demand reduction and improved efficiency constitute a deep retrofit which, in
general, is necessary in order to make it possible to generate 100% of energy usage onsite in a
single or small multifamily home. Figure 11 shows examples of the measures that
corresponded to these steps in three actual home retrofit projects and the modeled savings
that resulted.

Example SF Deep Retrofits (~50% savings)
BASELINE
air leakage reduction

air sealing

air sealing

wall + attic insulation

wall insulation (R13)

attic, wall + floor insulation
(R38, R13 + R19)

DEMAND
REDUCTION

HVAC duct sealing and
insulation (R8)

new water heater
tankless water heater
hydronic radiator
hydronic AHU
modulated furnace
(95% AFUE)

EFFICIENT
SYSTEMS

RETROFIT
MID

20TH

CENTURY
1-STORY

TURN-OF-THECENTURY 1STORY

LATE 19TH ONLY (NO
CENTURY 2- RENEWABLE
STORY
ENERGY)

NET ZERO

Figure 11 – Upgrade packages for three San Francisco homes and modeled energy savings
(represented by arrow length on a scale of 0% (baseline) to 100% (zero net energy)

In Figure 12 through Figure 14, we further categorize some of the more common measures in
each of the three steps that are of particular value for San Francisco. The measures are sorted
based on:
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•

Value (comfort improvement, resale value enhancement)

•

Relative first cost

•

Energy savings

•

Location on zero energy pathway
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Highest

whole house
analysis

air
sealing
attic
insulation

wall insulation

floor insulation

weatherstrip
radiant
barrier

Lowest

Owner Value

(comfort, resale value, etc.)

Plots of measures for home energy savings show cost high to low on the x axis, homeowner
value low to high on Y axis, and benefit with bubble size.

monitoring system

Worst (High)

Installed Cost

Best (Low)

Figure 12 – Demand Reduction measures plotted by approximate owner value and cost
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Highest
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lighting upgrades

high efficiency
water heater
hydronic AHU

high efficiency
furnace

Worst (High)

DHW demand switch
and pump
DHW/pipe insulation

heat pump
(space)

Lowest

Owner Value

(comfort, resale value, etc.)

air

zone radiantsealing
electric heat

Installed Cost

duct sealing

Best (Low)

Figure 13 – Efficient Systems measures plotted by approximate owner value and cost
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PV ‐ direct purchase

solar hot
water

PV PPA
(retain RECs)

Worst (High)

community
solar buy‐in

local
REC purchase

Lowest

Owner Value

(comfort, resale value, etc.)

Highest

San Francisco Department of Environment
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Installed Cost

Best (Low)

Figure 14 ‐ Renewable Energy measures plotted by approximate owner value and cost

These groupings of measures on the ZNE pathways shared certain characteristics that began to
suggest different homeowner personalities and decision‐making patterns. The resulting profiles
are shown in Figure 15‐18. All are fictitious personas, and have no relation to participating
homeowners.
The purposes of creating the personas include:
•

Envisioning multiple viable routes to ZNE

•

Helping contractors in their process of understanding homeowners’ preferences and
how they might relate to deep energy savings

•

Generating suggestions for homeowners who identify with one or more of the personas

The arrow lengths in the diagrams correspond to the magnitude of savings gained from each
measure category. Within each category, text size indicates magnitude of savings. The savings
are based on modeling conducted on actual homes in the SFHIP Program. However, these
diagrams do not correspond exactly to the modeling results because certain measures are
beyond the capability of the energy modeling program used (or, in some cases, any energy
modeling program). Certain measures, such as air sealing and insulation, always represent a
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significant savings. However, the percentage savings gained varies because every home begins
in a different state. Some may begin leakier, or with less insulation, and therefore gain greater
benefit from improvements than a home that begins with better performance.

BASELINE – 0%

air sealing

The Techie

attic insulation

LOAD
REDUCTION

real time energy monitoring
motion-activated lighting
motion-activated plug strips
sensor-activated faucets

DHW
heat
pump

EFFICIENT
SYSTEMS

hot water recirculation

energy recovery ventilation

Preferences:
• new technology (early adopter)
• automated systems
• smooth functionality
• access to information
• environmental awareness

LED lighting with daylight dimming
kitchen flue heat recovery

photovoltaics

RENEWABLE
ENERGY

NET ZERO – 100%

Figure 15 – The Techie’s zero energy path
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BASELINE – 0%

attic + wall
insulation

The Naturalist

DEMAND
REDUCTION

add thermal mass
foot operated kitchen faucet

new easily operable windows
seasonally adjustable sunshades

efforts to reduce usage

Preferences:
• connection to outdoors
• limited mechanization
• air quality
• hands-on functionality
• tangible feedback
• environmental commitment

combination
hydronic
(DHW and space heat)

EFFICIENT
SYSTEMS

shower auto-shutoff
manual dimmers

solar hot water
buy into
community solar

RENEWABLE
ENERGY

NET ZERO – 100%

Figure 16 – The Naturalist’s zero energy path
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BASELINE – 0%

The Investor

air
sealing

DEMAND
REDUCTION

attic insulation
new windows
tankless water
heater

space
heat
pump

EFFICIENT
SYSTEMS

programmable thermostat

Preferences:
• cost-effectiveness
• curb appeal
• control

LED lighting with
daylight dimming

renewable
energy
credits

RENEWABLE
ENERGY

NET ZERO – 100%

Figure 17 – The Investor’s zero energy path
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The Techie

The Naturalist

The Investor

BASELINE – 0%

air sealing
attic insulation

attic + wall
insulation

air
sealing

energy monitoring

add thermal mass

motion-activated lighting

foot operated kitchen faucet

attic insulation
new windows

motion-activated plug strips
sensor-activated faucets

new operable windows

DHW
heat
pump
hot water recirculation

energy recovery vent.
LED lighting with daylight ctrl.
kitchen flue heat recovery

photovoltaics

seasonally adjustable sunshades

efforts to reduce usage

combination
hydronic
(DHW and heat)
shower auto-shutoff
manual dimmers

solar hot water
buy into
community solar

tankless water
heater

space
heat
pump

DEMAND
REDUCTION

EFFICIENT
SYSTEMS

prog. thermostat
LED lighting with
daylight dimming

renewable
energy
credits

RENEWABLE
ENERGY

NET ZERO – 100%

Figure 18 – Zero energy pathways characterized as three different homeowner personality types
(with font size reflecting relative benefit of strategies employed).
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Modeling Results

7.1 Results ‐ Single Family Modeling
7.1.1 Understanding Modeled Efficiency Statements
Modeled efficiency values (i.e. “% savings”) are intended to convey relative performance, code
compliance, and/or eligibility for incentives. They are based on typical climate and occupancy
assumptions, and include only a lump value for energy consumption of plug loads (such as
consumer electronics) that are not in control of the designer/contractor. As a result, they are
informative but incomplete for zero net energy home performance paths, which must include
all energy end‐uses and be capable of adapting to occupancy or climate driven variations in
energy use. The homes in this study were modeled using EnergyPro, and the percentage figures
used in the modeling results portion of this report are:
1. Consistent with the percentage figures generated by the approved calculation methods, and
2. Approximate indicators of absolute energy savings for individual energy conservation measures
when modeling assumptions are close to real world conditions.

Models are also incomplete comparators for actual expected home percentage energy savings
discussed in the Deep Retrofit Pathways section in this report and may:
1. Overestimate % savings (since the total amount of energy used is greater than the amount of
energy from loads that can be modeled),
2. Underestimate/Overestimate absolute energy savings for individual energy conservation
measures when modeling assumptions differ from real world conditions, or
3. Underestimate total savings because some real‐world savings measures cannot be modeled.

7.1.2 Modeling Results
The purpose of the modeling was to better understand the impact of retrofit measures on
energy use. The result is an informative picture of home performance opportunities relative to
the fixed elements in the building. These include building envelope insulation and window
performance, heating furnace, air supply system, and domestic hot water heater.
The largest consumption end‐uses in typical existing homes are assumed to be the following5.
Percent of total energy use represented by each end use in the 10 modeled single family test
homes is shown in parenthesis.
•

Space Heating (51% average)

5

Since the energy modeling results are based on the California Energy Commission’s prescribed assumptions, it is important
to note that the largest end uses will vary by actual building type, occupancy, and owner behavioral choices. A home with a
single occupant will have less cooking, appliance, and domestic hot water load and greater heating load, than a home with
2 adults and 2 children. Models will not reflect these differences.
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Domestic Hot Water (21% average)

•

Appliances and plug loads
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Smaller end‐uses are assumed to be the following.
•

Indoor Lighting (4% average)

•

Pumps and Fans (3% average)

•

Space Cooling

•

Outdoor Lighting

Two scopes of work for each house were modeled: INITIAL and DEEP.
The Initial Retrofit Scope aims for a minimum 15% modeled energy reduction.
The single family homes that were modeled are actual participants of PG&E’s Energy Upgrade
California program, and the initial retrofit scopes of work were developed by the contractor
performing the work. The initial scope items are unique for each project and were most likely
decided upon by the homeowner based on cost, payback period, project timeline, convenience,
and other personal factors. Since this study had no influence over these initial scopes of work, it
is important to realize that these initial retrofit measures range from 14.9% to 48.2% savings.
Due to this disparity, when comparing the savings associated with the single family initial and
deep retrofits, the delta between the two scopes is most informative.
The initial scope items included but were not limited to: duct sealing, duct insulation, air
sealing, high efficiency gas water heaters, attic insulation, floor insulation, wall insulation, and
high efficiency gas furnaces.
The Deep Retrofit Scope aims for a minimum 50% modeled energy reduction.
The single family deep retrofit work scopes were developed specifically for this study based on
three fictional homeowner personality types, as described above. Each pathway strives to
obtain the largest energy reduction based on a specific list of measures, with the ultimate goal
of “Net Zero” approached via demand reduction, efficient systems, and finally supplemented
with renewable energy. For the sake of this study, no renewable energy generation was
modeled, but solar domestic hot water was incorporated as a demand reduction strategy. The
chosen work scopes were applied to the initial scopes submitted. Each single family home was
designated one of three pathway work scopes (Techie, Investor, Naturalist) based on the
measures incorporated in the home’s initial retrofit. The intent was to limit duplicative
measures so as to achieve the most comprehensive package for each home’s deep retrofit. The
three single family modeled deep scopes were applied to 10 single family homes whose data
was available from the SFHIP program. There is no relationship between individual
participating homeowners and the personality types described.

Chapter 7

48

San Francisco Department of Environment
Report to the Living Cities Foundation

The San Francisco Zero Net Energy Homes Project
July 2011

The Naturalist

Preferences:
• connection to outdoors
• limited mechanization
• air quality
• hands-on functionality
• tangible feedback
• environmental commitment
•

Modeled Scope: Attic insulation, wall insulation, high performance operable windows,
combined hydronic system (two‐model approach)6 or high efficiency electric water
heater/high efficiency gas furnace, dimmable LED indoor lighting, solar hot water

•

Modeled Scope (no attributed savings within software7): Hot water demand
recirculation, programmable thermostat

•

Non‐modeled Scope: Additional thermal mass, foot operated kitchen faucet, seasonally
adjusted sunshades, shower auto‐shutoff, photovoltaics

6

The combined hydronic system requires a two‐model approach, and energy simulation data associated with these systems
was analyzed independently for this study due to the unique data generation methods6. For the Naturalist pathway, the
combined hydronic system was substituted with a high efficiency electric water heater and gas furnace for the general
single‐model approach.
7

Energy Pro can incorporate these measures into the model, but it cannot designate a % savings to them. There is no way
to isolate them as independent energy conservation measures (ECM’s).
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The Techie

Preferences:
• new technology (early adopter)
• automated systems
• smooth functionality
• access to information
• environmental awareness

Chapter 7

•

Modeled Scope: Attic insulation, air sealing, dimmable LED indoor lighting, high efficacy
motion‐activated outdoor lighting, DHW heat pump

•

Modeled Scope (no attributed savings within software): Hot water demand
recirculation, programmable thermostat

•

Non‐modeled Scope: Real time energy monitoring, motion‐activated plug strips, sensor‐
activated faucets, energy recovery ventilation, kitchen flue heat recovery, photovoltaics
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The Investor

Preferences:
• cost-effectiveness
• curb appeal
• control

Chapter 7

•

Modeled Scope: Attic insulation, air sealing, high performance operable windows,
tankless water heater, heat pump, dimmable LED indoor lighting

•

Modeled Scope (no attributed savings within software): Programmable thermostat

•

Non‐modeled Scope: Photovoltaics
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Figure 19 below summarizes the modeling results by retrofit pathway. Figure 20 contains a
graphic showing the results for each of the 10 homes.

70%

3%

60%
3%
50%

Annual Energy Savings %

4%
0.9%

40%

10%

0.3%

8%

3%
8%

6%

8%
6%

0.8%

7%

9%
7%

8%
17%

30%

26%
12%

26%

16%

35%

9%

32%

Low‐E
Windows
Solar DHW
60%
DHW

10%

Envelope
23%

6%

10%

20%

23%

22%

deep

initial

deep

8%

2%

initial
‐10%

Lighting

HVAC

20%

0%

0.7%

deep

Techie

initial

deep

Naturalist

initial

Investor

Average

Figure 19 – Annual modeled percent savings per scope measure based on modeling 10 single family homes for
deep retrofits. The initial retrofit percentages are from actual projects done to the homes as part of SFHIP
program.

Chapter 7

52

San Francisco Department of Environment
Report to the Living Cities Foundation

The San Francisco Zero Net Energy Homes Project
July 2011

70%

60%

Total Energy Savings %

50%

40%

Lighting
Low‐E
Windows
Solar DHW 60%
Net Fraction
DHW

30%

20%

HVAC
10%

0%

Axis Title
Figure 20 – Energy savings results for single family homes by measure scope

7.1.3 Single Family Homes – Energy Model Observations

Chapter 7

•

Heat Pump: With regards to the pre‐determined scopes, the Investor had the highest
energy savings. The key measure within this specific pathway responsible for this level of
savings is the heat pump. Across all four “Investor” models the heat pump reduced energy
consumption on average of 21.75%, with the highest recorded savings at 27.2%.

•

Relative Performance of Deep Retrofit: The relative performance difference (i.e. delta)
between the initial scope and deep scope is the significant piece of data gleaned from these
models. The absolute value of the initial scope cannot be used as a reliable indicator
because it was predetermined by the homeowner and ranged in anticipated savings from
14.9% to 48.2%.
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•

DHW Heat Pump: The Techie had the largest performance delta between initial and deep
retrofit models, so was the most effective deep retrofit work scope. This was the only work
scope involving a DHW heat pump, and the savings associated with the installation of this
equipment was 25.5% on average.

•

Wall Insulation Over‐weighted: When looking at overall savings, Energy Pro software
heavily favors wall insulation and attributed 20.65% savings to this measure across eleven
individual models and six various homes. Although wall insulation is an effective energy
saving measure, it is unlikely that this large of a savings can be associated with this one
measure. Although all algorithms within the software are taken directly from the California
Energy Commission, this may be inaccurate in the field and additional research may be
warranted.

•

Lighting: Savings from lighting were insignificant across all models, rarely achieving even 1%
savings. Although lighting efficiency is consistently marketed to homeowners as a low‐effort
measure, savings are minimal based on these modeling results. Put more colloquially, “No
pain, no gain.”

•

Behavior dependent variables: Behavior dependent variables like shower time/flow rate,
cooking, temperature setpoints, occupant awareness, etc. were not modeled. Each of these
factors can be highly impactful on the final energy consumption of a building. As a result,
some of the best energy savings initiatives addressing behavior, flow fixtures, and
cooking/appliances should be considered as important elements of the ZNE solution path.

•

Combined Hydronic Systems: The combined hydronic data supports the notion that
combined hydronic systems are a cost‐effective, highly efficient option for homes within
San Francisco. Compared to scopes of work (Naturalist) that were identical except for the
combined hydronic system being replaced with a high efficiency electric water heater and
central gas furnace, the scopes with the combined hydronic systems consistently saved a
minimum of 12% more energy. See Appendix E on modeling methods for combined
hydronic systems using EnergyPro.

7.1.4 Energy Production Potential Based on Modeled Usage
To verify the feasibility of reaching zero net energy onsite, the team looked at how much PV
would be needed to meet the remaining post‐retrofit energy usage. PV can only directly meet
electrical energy demand, not gas demand (unless gas appliances are converted to electric,
which is an option discussed in this document but not applied in all retrofits). However, a
simplified way to evaluate a home’s onsite zero net energy potential is to convert both
electricity and gas usage to the same units, in this case kWh, determine how many kW of PV are
needed to supply that usage, and then see if the home’s roof is big enough and orientation is
favourable enough to host that PV array. Figure 21 shows the average results of this analysis
conducted for each of the 10 modeled single family residences.
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Remaining usage

PV array size
needed to meet
usage

Total energy

Average
study home
after initial
retrofit
Average
study home
after deep
retrofit

% of electricity
suppliable by rooftop PV

Total

% of total energy
equivalent suppliable
by rooftop PV
conservative

Electricity

from electricity

Electricity

energy

conservative

high power

power

only

+ gas (kWh

only

equiv.

power density

density

density

density

(kWh)

equivalent)

(kW)

(kW)

(200sf/kW)

(75sf/kW)

(200sf/kW)

(75sf/kW)

6234

24007

5

19

100%

306%

29%

77%

7513

16157

6

13

117%

244%

44%

116%

high power

Figure 21 – Analysis to determine PV array size required to achieve zero net electricity and zero net energy
equivalent onsite in retrofitted single family homes

There are several important variables in this analysis. Table 9 below describes how they were
determined:
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Variable

Definition

Value Used

Source

Usage after
initial retrofit

How much energy
the home uses
after retrofit

varies

Energy pro models of measures identified
during home analysis

Usage after
deep retrofit

How much energy
the home uses
after retrofit

varies

Energy pro models of measures identified
by fictional personality type

Power density

Power installed per
area (kW/sf) or
area required per
unit power (sf/kW).

Conservative ‐
200 sf/kW, High ‐
75sf/kW

Conservative ‐ SF Solar Map Assumptions,
High ‐ calculated by taking the power
density for the most efficient module
widely available (18 w/sf) and scaling area
up by 25% to account for spacing, auxiliary
equipment, unusable roof area, etc).

Usable roof
area

Roof area that can
be used for PV
installation (not
shaded, covered
with equipment,
oddly shaped, etc)

varies

Calculated as home square footage +
100sf to account conservatively for
storage/garage areas divided by # floors.
Power density is assumed for this analysis
to account for unusable areas.
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Energy
produced per
kW of PV
installed
(kWh/kW)

Energy produced
by PV depends on
local sun intensity
(weather) and
hours of sun
(latitude).
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1265 kWh/kW,
4.5 hours full
sun/day average

SF Solar Map Assumptions, City Average

Table 9 – Variables in PV generation for Zero Net Energy analysis

The analysis shows that both initial and deep retrofit homes should be able to fit enough PV on
the roof to supply 100% of electricity usage. Confirming this, the San Francisco solar program
data shows that average photovoltaic system size is 3‐5 kW. In the high power density case,
these homes could be net exporters of electricity, generating 2‐3 times their electric usage.
When all energy use is considered, however, the only scenario in which the average study
home generates more than it uses is the deep retrofit, high power density case. This supports
the idea that deep retrofits are essential to achievement of zero net energy onsite. It also
suggests that PV technology matters, and that high efficiency modules are preferred over low
power density modules, such as most thin film laminates, that tend to be less expensive per
kW.
While this analysis supports the feasibility of zero net energy homes onsite, it is important to
note that this all‐PV onsite method is used as a “reality check” analysis tool, and is not the only
way to achieve zero net energy. Multiple options exist for the renewable energy portion of the
zero net energy path, including local community‐scale PV and other renewable energy sources.
It will be valuable to address gas usage directly, given that it represents over 50% of energy
usage in all homes modeled, even after retrofit (73% of usage after initial retrofit and 52% after
deep retrofit is natural gas). Gas is also a higher emitter of greenhouse gases, per unit of
energy consumed. Solar hot water onsite can replace natural gas usage for domestic hot water
and hydronic heat, but not space heat. Options worth exploring include solar walls and various
sources of biogas.

7.2 Results ‐ Small Multifamily Home Modeling
7.2.1 Initial Retrofit Scope
The initial work scopes for the small multifamily homes are theoretical and were not
predetermined by actual retrofits taking place at these residences. These scopes were
developed to represent a package of measures that would reach a minimum of 15% energy
savings, and simultaneously be minimally invasive in nature and have a lower initial cost to the
homeowner. With this in mind, each flat within a multifamily building may require a unique
scope to reach the modeled 15% threshold due to existing building envelope and mechanical
system conditions, as well as the flat’s location within the building.
The only measure that was incorporated into every initial work scope is basic air sealing. Air
sealing as the main upgrade will eliminate the major air leaks in the building envelope which
may result in better air quality and increased comfort. The other measures incorporated into
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the various initial retrofits included duct sealing, duct insulation, attic insulation, high efficiency
electric water heaters, high efficacy lighting, and loose‐fill wall insulation.

7.2.2 Deep Retrofit Scope
The small multifamily home deep work scopes were developed with maximum energy savings
in mind and were not influenced by cost, payback period, or construction timeline8. The
minimum threshold for this study was determined to be 50% energy savings; however the goal
was to obtain the maximum energy savings based on a comprehensive scope of work,
regardless of the existing conditions at the residence. With the maximum savings reached, we
are able to potentially reduce the renewable energy load that would be required to achieve
“Net Zero” with on‐site renewable energy sources alone (no offset purchase agreements).
As with the initial retrofit scopes, basic air sealing was incorporated into every model, along
with high performance windows, heat pumps, high efficiency electric water heaters, and solar
hot water systems. When possible, the second goal was to convert all systems within the
multifamily buildings to all electric. This would enable on‐site electric generation to support all
loads, and bolster the potential to obtain the “Net Zero” rating without purchasing offsets. All‐
electric conversion also eliminates combustion safety concerns.
Each flat within a multifamily building was modeled individually, referred to as “bottom‐up flat
modeling” within this report. Then, a simulation was run on the entire building with all flats
represented, called “top‐down whole building modeling”.

8

All potential scope items that are quantifiable within the Res Performance module of EnergyPro were incorporated into
each model for the deep retrofit scopes, except for PV’s and residential appliances. Whether or not to include gas or
electric heating equipment in the retrofit was based on the existing systems in place, however it was primarily based on the
notion of converting the majority of the systems to electric so as to achieve “Net Zero” through onsite generation, without
requiring the purchasing of offset credits. One specific limit of Energy Pro is the inability to model savings associated with
low‐flow showerheads where large DHW savings have been associated with hot water flow reduction. Additionally, whole
house fans cannot be modeled in the Res Performance module, however there are differing opinions as to the effectiveness
of these systems.
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Multifamily ‐ Initial Retrofit vs. Deep Retrofit
80%

76%
72%

75% 76%

73%

73%

70%

67%

70%

% of annual energy use saved

71%
61% 61%
59%

59% 59%

60%

60%
55%

50%
40%
34%

30%

26%

27%

25%

26%

20%

26%

25%

22%

25%

22%

16%

23%

23%

16%

15%

17%

10%

Building 1

Building 2
Initial savings

Building 3

Whole House

Unit C

Unit B

Unit A

Whole House

Unit D

Unit C

Unit B

Unit A

Whole House

Unit C

Unit B

Unit A

Whole House
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Unit A

0%
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Figure 22 – Multifamily savings: Initial retrofit vs. Deep retrofit
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Initial savings

Deep savings

Flat A

26.4%

76.0%

Flat B

24.9%

72.1%

Whole House

16.3%

75.4%

Flat A

22.4%

75.8%

Flat B

26.6%

58.8%

Flat C

25.8%

59.0%

Whole House

24.8%

72.8%

Flat A

33.6%

67.0%

Flat B

26.3%

61.2%

Flat C

22.3%

60.5%

Flat D

16.2%

59.1%

Whole House

24.5%

70.7%

Flat A

23.4%

73.0%

Flat B

22.6%

54.9%

Flat C

15.4%

60.3%

Whole House

16.8%

69.6%

Table 10: Initial and deep modeled savings for the four mini multi buildings

7.2.3 Small Multifamily Homes – Energy Model Observations
Based on the required modeling approach for multifamily buildings, only those envelope
assemblies directly in contact with unconditioned space are to be incorporated into the model.
This greatly reduces the opportunity for mid‐level flats to achieve as deep a savings as bottom
floor (floor insulation upgrade) and top floor (attic insulation upgrade) flats. This is why the
mid‐level flats repeatedly reflect 10‐15% less savings (but may also use less energy in absolute
terms)

Chapter 7

•

Using the “top‐down modeling” approach does not support the whole house model having
highest level of percentage savings, however, consideration should be given to converting
all savings into BTUs to get a more realistic sense of quantifiable savings. Currently, the
percentage savings is determined by calculating each flat’s base load and the energy saved
as a percent of the base load. For example, roof insulation in a top floor flat may represent
13% savings for the flat model, and only 1% savings in the whole house model.

•

Solar domestic hot water, at 60% net fraction, showed consistent savings on a flat‐by‐flat
basis and is highly favorable based on this data. Net solar fraction when discussing a DHW
system is defined as the portion of the annual water heating energy provided by a solar
heating system. The same goes for floor insulation where applicable, high efficiency electric
water heaters, and air sealing.
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Based on this data, we believe the most accurate approach to small multifamily modeling is
to perform “top‐down modeling” of the whole house versus “bottom‐up flat modeling”. The
“bottom‐up” approach negates the fact that there is communication between flats and
does not address the idea that the building performs as a single unit in many ways
regardless of multiple tenants. Conduit, pipe, duct runs, and flue vents, etc. all often pierce
the conditioned space of multiple flats and this needs to be incorporated into the modeled
performance.9

9

Utility rebates for energy efficiency upgrades are paid to individual account holders. This requires a SMF unit to be
independently metered in order for the whole building to receive multiple rebates. So, if there are four meters for a four‐
unit building, the potential is there for all four units to receive a rebate. If there are multiple units with a single central
meter, then the whole house must reach the minimum energy savings to receive a single rebate for all units.
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Case Study — Zero Net Energy
Solution Path Applied to a Real
Home
A case study is documented here on a Small Multi‐
Family home (top floor flat) in central San Francisco.
The intent was to demonstrate the cost effectiveness
of the 3 step ZEH approach and address sample home‐
owner questions that may otherwise be perceived
barriers to successful implementation.
At the study outset, the Owner’s questions and
concerns included:
•

“We pay a significant amount for our energy
(~$1,000/yr). What’s that worth if we were to
invest it into our home to zero out our energy bill.”

•

“Climate action is important, but zero energy costs
too much and we have an old home.”

•

“How much renewable energy do we need to add to Figure 23 – Case Study Home
the roof? Won’t it cost a lot?”

•

“How much resale value do we gain if we do this?”

•

“We’re cold in the winter (and the summer)!”

•

“We have mold on our metal window frames. Gross and unhealthy!”

•

“Do we need to get rid of our beautiful stove?”

The home’s key characteristics include:
•
•
•

1902 Edwardian (images attached)
3 flat walk‐up with separate stair access
Attic is accessible (A‐frame accessible top flat).

Equipment & Skin
•
•
•
•
•

Electric resistance heaters in hallway.
Atmospheric domestic hot water tank (1 per flat)
No renewable energy sources installed
Triple pane windows installed in 1980’s
Attic insulated, walls uninsulated.

Occupancy
•

Chapter 8

Owner occupied
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Case Study
The results of analysis show some notable insights into a “realistic” zero energy home path for a
San Francisco home, including:

Chapter 9

•

The 3‐Step path is clear and results in a comprehensive coverage of strategies in a cost effective
prioritization.

•

Flat achieves ZNE with 53% energy savings, 22% onsite renewable, and 25% renewable energy
credits (assumed purchased, but could be RPS derived).

•

Improvement value is a significant motivation (resale, comfort, life enjoyment, etc): ~$10k value

•

Positive Net Present Value

•

Instant discounted payback (inclusive of improvement value).

•

11.6 yr discounted payback (exclusive of improvement value).

•

Some “financially questionable investments” make sense like:
o

PV system with 16.8 yr payback

o

REC purchase commitment of ~$24/yr.

•

Some conventionally “smart moves” are not included for good reasons, like a replacement of
halogen under cabinet lights with dimmable LED (due to homeowner concern over color
rendering of meats).

•

Establishment of ordered work packages would be the next step in moving this building from
where it is today to where it could be in less than 2 years.
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9.1.1 Zero Energy Home Tool
The case study resulted in the creation of decision making tool that could be used to
communicate with homeowners and allow them to make the most suitable choices for their
situations. The spreadsheet based tool is summarized below and on the following pages.
Estimate of first cost and
incentives

Home energy
information
amortized over the
planned

Description of unique
issues or notes of
importance to the
homeowner

Savings Estimate
(% and $)

All possible
improvement
strategies listed in
one place and
organized by ZEH 3
Steps

Increase in home
value to owner (e.g.
resale, comfort)
Financial return in
discounted payback
and net present value
“Choice” indicators to
identify homeowner
agreed efficiency
measures
Figure 24
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Table 11: Zero Energy Home Matrix Introduction
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Table 12: Matrix for Case Study Home
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10 Workforce Development and Outreach
As discussed in the goals above, San Francisco City and Department of Environment are
committed to workforce development and employment in San Francisco. Sustainability includes
and depends upon stable employment; green jobs are an integral part of city strategy. From the
beginning of this grant, the project has included efforts to provide training and outreach that
will create employment. Table 13 below shows these various activities, from in‐depth education
sessions to meetings with experienced contractors to informational training sessions targeting
residential remodelers and single tradespeople (HVAC technicians, handypeople, electricians,
plumbers). The SFE team has made connections with construction sales and supply companies
such as Cole Hardware, White Cap Construction Supply, and the Bay Area chapter of the
National Association of the Remodeling Industry, and continues to reach out to the residential
industry.
As marketing and outreach to homeowners about SFHIP continues, parallel outreach is planned
to continue to the residential construction industry. Opportunities for training and green job
placement are expected to result, and the city will continue to look for avenues and support to
fulfill this important part of the sustainability mission.

10.1 Summary of Outreach Activities
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Date

Session

4/26–
28/10
6/2–4/10
9/10/10
5/25/11

Location

Attendees (#)

Material
covered

Intent

Result

BPI training by SFSU campus,
CBPCA, Level 1, San Francisco
2, 3 exam
(9/10)

Remodelers (10)
HVAC (6)
other contractors (2)
city (2)
misc. (6)

BPI home
performance
testing
protocols

Increase SF
BPI‐trained
contractors

One SF
contractor
attended, six
took exam
(9/10)

Contractor
focus group

Experienced
San Francisco
residential
remodelers (10) /
home
performance
contractors (6)

San Francisco
home
features
relevant to
home
performance,
deep retrofit;
net zero
opportunities

Test
hypotheses,
gather data

Features list,
home
performance
issues list,
discarded
architecture as
relevant to
home
performance,
likely retrofit
paths,
challenges and
issues

Eco Center,
Literacy for
Environmental
Justice, Heron’s
Head
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6/27/11

Energy efficient San Francisco
homes and
financial
incentives

Contractors (2) /
construction
sales (1)

Business
opportunities,
SFHIP, SF
home
features,
home
performance

Contractors
inform clients
of SFHIP,
partner with
SFHIP
contractors,
enter
program

Requested to
repeat training
for Cole
Hardware,
NARI, and
others

6/27/11

Energy efficient San Francisco
homes and
financial
incentives

Contractors (5) /
construction
sales (1) /
BPI home
performance
auditor (1) /
homeowner (1) /
government (1)

Business
opportunities,
SFHIP, SF
home
features,
home
performance

Contractors
inform clients
of SFHIP,
partner with
SFHIP
contractors,
enter
program

Requested to
repeat training
for Cole
Hardware,
NARI, and
others

Table 13: Training, workforce development, and outreach under Living Cities grant

10.2 Outcomes from Training Event
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•

Small attendance but high leverage (NARI, Cole Hardware, etc.), all attendees felt valuable
and wanted repeat

•

Need to support partnerships between general and home performance contractors
(matchmaking meetings, etc.)
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11 Recommendations and Conclusions
The primary goals of this grant were to:
•

Develop Zero Net Energy pathways for existing homes in San Francisco

•

Characterize existing housing stock and identify the performance challenges and
opportunities in San Francisco existing homes

•

Increase awareness among local general contractors of home performance

•

Support local jobs and workforce programs through the stimulation of demand for deep
retrofits

All of these goals were achieved. In the process, significant conclusions were drawn,
additional questions raised, and lessons learned that will aid current and future efforts
among the community of stakeholders this work aims to serve.
The following pages organize the resulting information into the following major categories:
•

Conclusions (based on evidence)

•

Next steps (needs and recommendations)

•

Research & Questions (emergent and/or unanswered)

11.1 Conclusions
The findings from this project have several implications for members of the San Francisco
home energy community, including homeowners, renters, contractors, energy
professionals, and city policymakers. The following list captures what the team believes to
be some of the most important conclusions.
•

Zero energy homes in San Francisco are feasible and cost‐effective.
All the modeled pathways used readily available technology and reduced energy to a
level that in most typical homes could be supplied by on‐site renewables.

•

Existing home performance processes, building science knowledge and current
technology are sufficient to achieve zero net energy homes. Deep retrofit modeling
showed 50‐75% reductions with the proposed zero net energy pathways, which used
only market‐ready technology.

•

Simple steps can result in deep savings, especially in San Francisco’s numerous older
homes. Average percentage savings was 33% and project costs averaged $10K (before
rebates). The maximum savings for participating homes were greater than 50%. The
most used measures in the program so far are air sealing (75% of jobs), attic/roof
insulation (48%), duct/HVAC replacement (44%) and furnace replacement (40%).

•

While simple steps can yield deep savings, the study found no statistical correlation
between the characteristics of a home and its predicted energy savings. A larger data
set might yield different conclusions.
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•

Home performance knowledge is still lacking in the overall contractor community and
misconceptions about effectiveness of various steps are common. For example, window
replacement and weatherstripping are still raised as the best steps by many contractors
(per contractor focus group notes and questions during training), though these
measures are not typically the highest value measures according to modeling and
testing results. There are certain measures that tend to be of high value in all San
Francisco homes (advanced air sealing and attic insulation showed up consistently as
~30% of energy savings), and given basic knowledge of home features, this list of likely
measures can be refined with more confidence.

•

Even though likely measures can be identified, the final implementation pathway must
be tailored to each individual home and homeowner, and analysis is important.

•

Architectural type is not the best predictor of energy efficiency upgrades pathways.
Rather, home features and construction details are most important.

•

Policy and incentives for single family homes must differ from those for small
multifamily homes due to difference in resident cooperation needed, multiple
ownership structure in multifamily and percentage of occupants who are owners.
(Citywide owner occupancy is over 60% in single family and less than 20% in small
multifamily.) Variations by district are important to assess as well.

•

The most accurate approach to small multifamily modeling is to perform “top‐down
modeling” of the whole house versus “bottom‐up modeling” of the flats. The “bottom‐
up” approach negates the fact that there is communication between flats and does not
address the idea that the building performs as a single unit in many ways regardless of
multiple tenants. Conduit, pipe, duct runs, and flue vents, etc. all often pierce the
conditioned space of multiple flats and this needs to be incorporated into the modeled
performance.

11.2 Next Steps
There are clear needs and actions that should be carried forward in future work in San
Francisco. They include:

Chapter 11

•

More homeowner education and outreach. Awareness and demand are key among
both the homeowner/renter community and the contractor community to achieve net
zero homes on a large scale. Homeowners and homebuyers must be demanding net
zero, The City should have a key role in promoting this awareness and demand.

•

More contractor outreach with a goal of reaching >75% of the practitioners. Contractors
must be able to market and deliver ZNE homes to meet customer demand and
regulatory mandates. One option would be to present the training developed for this
project (Intro to home performance and city incentive programs for traditional
contractors) to additional audiences throughout the city.

•

Continued data collection, analysis and sharing is needed. This project is being
completed as early data is finally becoming available, so some path breaking has now
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been successful in obtaining data and setting up analysis. Reviewing the growing
amount of information is imperative.
•

“Truing up” the data after a year by collecting actual utility bills from homeowners is
essential and has rarely been done by existing programs in the US. The programs have
been set up to obtain the information in San Francisco. Budgeting for the people, time
and systems to assure the full value is realized is a strong need, echoed by many
involved.

•

Investigate reasons for the prevalence of non‐permitted home renovations. Non‐
permitted renovations often create energy performance problems. They are also missed
by home energy savings incentives and regulations.

•

Create a policy on energy usage transparency for homeowners and renters. Preferably
this would be a national level policy for public utility data availability. This is particularly
important for model verification and for understanding trends and targeting programs
and incentives.
Ideas include:
− Making PG&E data public with an opt‐in scheme
− Encouraging social networking and competitions on energy conservation
− Encouraging more in‐home energy monitoring and management systems

•

Initiate a combustion safety program. Because combustion safety testing includes
several steps that assure all gas appliances function well, there are safety, health and
global warming emissions reductions that could be achieved, a strong synergy. This
outreach for the program could leverage the new CO monitor requirements, and
support City climate goals. Gas appliances include stoves, ovens, water heaters, and
furnaces, and could lead to energy efficiency upgrades, linking to the retrofit program.

•

Pass on learnings on 2‐4 unit building performance, ownership and metering structure,
and conduct further research to help the City develop effective incentives for these
buildings.

•

Encourage staged retrofits with the goal of achieving ZNE over time. Support creation of
a multi‐year workstage plan and create incentives for each step/tier. Work within
retrofit incentive City and State programs to provide guidance and feedback to
participating contractors on retrofit pathway choices in San Francisco.

•

Establish an ongoing system in San Francisco for collecting and monitoring a set of
consistent building performance metrics by which to judge baseline and improvements.

11.3 Research & Questions
Many new questions emerged during the research effort. They suggest new avenues of
future research that merit funding:
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•

Which variables will prove most significant in predicting home performance success?

•

Current City goals aim to reduce gas due to its carbon intensity, and
biogas/decarbonized gas supply should also be considered. What is the optimal
consumption mix (analogous to grid supply mix) for the City of SF? How will this
influence technology choices in the ZNE pathways?

•

The San Francisco peak electrical demand problem would be exacerbated by shift from
gas and other fossil fuels to electricity. This report assumes that is not a constraint, but
it may be.

•

How do you engage renters and homeowners in a conversation about zero net energy?
How does it become something that matters to them?

•

How best to address the non‐building energy uses within the home? Are building
dashboards effective at changing behavior and reducing plugloads? More research on
effectiveness and design criteria would be useful.

•

Do offsets (whether direct access or renewable energy certificates) all need to be
sourced from within the City? Are offsets more cost effective than distributed (on‐site)
generation?

•

How does wall insulation effectiveness in practice compared to energy modeling
predictions? Close together row homes may get less benefit, though software used for
modeling (Energy Pro) gives high savings. Also, insulating walls in older homes is
challenging due to balloon framing, lack of drainage plane in old walls, and electrical
wiring (knob and tube).
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12 Resources and References
12.1 Resources Generated by the Project
The following resources were generated by the project and are available from SF
Environment:
•

Energy Pro files used for all deep retrofit modeling, single and 2‐4 unit buildings

•

Job Reporting Template (JRT) files from all home testing

•

Home performance data that has been publicly released

12.2 External Resources
Many external sources are available for information on energy efficiency in homes, some
that we found useful in this report, and thank for their help, are listed below.
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•

Affordable Comfort, Inc. (a national nonprofit) and Linda Wigington, and the Thousand
Home Challenge.

•

Lawrence Berkeley National Lab, including Deep Energy Retrofits: California Case
Studies, Jeremy Fisher & Brennan Less, March 2011 LBNL ACI

•

Build it Green, California

•

National Association of the Remodeling Industry (NARI), Bay Area Chapter

•

Building Performance Institute (BPI) standards

•

Pacific Gas & Electric (PG&E)

•

Building Science Corporation guides and papers

•

Articles from ASHRAE, Home Energy Magazine and other publications

•

Online information published by Home Energy Pros, CBPCA

73

San Francisco Department of Environment
Report to the Living Cities Foundation

The San Francisco Zero Net Energy Homes Project
July 2011

Appendix A
Specific Multifamily Findings and
CBPCA 2003 San Francisco Mini‐
Multi Building Evaluation
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A1

Specific Multifamily Findings

A1.1

Small Multifamily Energy Upgrade Considerations
and Next Steps

A1.1.1

Air Sealing

Considerations
As of July 2011, California code states that contractors cannot insulate over knob and tube wiring
anywhere in a home. To re‐wire the entire building just to insulate the attic is cost prohibitive.
Therefore, the benefits of proper air sealing, even without insulating, the ENTIRE building and not
just one unit is significantly beneficially, especially in a mild climate like San Francisco’s.
Next Steps
One of the most effective retrofits for San Francisco multifamily homes would be to focus on
reducing airflow through the building. Strong winds and moist air are driven into the building,
which result in moisture damage and high indoor humidity. Air sealing efforts should focus on
reducing air infiltration from the following areas:
•

Areas between the ceiling and the attic space (this includes recessed can lights,
plumbing and electrical penetrations, attic hatches, and other areas that allow cold air
from the attic or walls to infiltrate the home);

•

Garage to floor air infiltration (contaminated air from automobiles and potentially
hazardous items can flow through ceilings that have cracked or damaged plaster, garage
doors to the interior of the house should have weather stripping, and multiple
appliances using one flue causes a higher potential for backdrafting and combustion
byproducts spilling in the garage that migrate into the living spaces through air
passageways);

•

Combustion ventilation (sufficient ventilation must be provided as make‐up air for
combustion caused by atmospherically vented appliances);

•

Areas exposed to high pressure (his includes windward facing exterior walls, ceilings in
breezeways than run under living spaces, lower foundation walls on houses built on
steep grades, and any other area where winds can drive air and moisture into the
structure);

•

Back porches (if back porches cannot successfully be made into conditioned space, then
focus on sealing pocket doors from inside units); and,

•

Windows (replace old single pane aluminum frame and double hung wooden frame
windows with low‐e vinyl windows).
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Insulation

Considerations
In many cases, multifamily homes have no insulation at all. In general, it is difficult to insulate attics
in San Francisco. Flat roofs with no access hatches and minimal clearances make it difficult for
workers to access areas. One solution is to use a spray foam insulation/roofing system on the
outside of the roof to insulate and provide a completely sealed roof, thus avoiding knob and tube
wiring. In some cases, the attic has enough room to allow workers to use blown‐in insulation.
Insulating the attic should be given the first priority in any insulation solution. Most exterior walls
are not insulated. Insulating walls can be expensive due to access issues. BPI Envelope Professional
Technical Standards should be used to develop work scope, which will help identify air leakage, air
barriers, moisture issues, and combustion safety issues. They also provide targets for total air
leakage (.35 ACH).
Next steps
When using blown‐in insulation, consideration should be given to the fact that older San Francisco
multifamily homes do not have building paper to keep moisture out of the building shell. The
ability of the building to dry after a wind‐driven rain or damp fog is the reason why the housing
stock in San Francisco has not rotted out.
•

A1.1.3

Insulation could be installed in wall assemblies only if building paper exists and is
installed properly and not degraded. A heat loss calculation will determine whether the
cost of installation of the insulation is worthwhile.

Ductwork

Considerations
The most significant violators of leakage of ducted multifamily buildings are return registers.
Multiple vertical levels between the units require chases for ductwork. Frequently, airflow is run
between floors in open unlined stud bays that are serving as chase ways between the two floors.
Many times the risers (vertical runs) are simply open stud bays that communicate between the two
floors and to the outside of the building. Return air is routed through “panned out” returns that
communicate to the underside of the building and to the outside.
Next Steps
Installing sealed ductwork and ducted returns whenever possible would lead to significant
reductions in waste from conditioned (heated) air leaking to the outside of the building.

A1.1.4

Heating Systems

Considerations
Most residential furnaces are oversized, but the ducts are too small. This is especially true in mild
climates such as San Francisco. Because of the lack of space to put ducts inside the building,
ductwork is often placed outside of the building, (e.g., garages). The ducts seldom have sufficient

Appendix A

A‐3

San Francisco Department of Environment
Report to the Living Cities Foundation

The San Francisco Zero Net Energy Homes Project
July 2011

insulation and, as a result, lose significant amounts of heat to the outside of the building. Many of
the existing duct systems are insulated with materials containing asbestos and require specialty
crews to remove and dispose of them. Units in multifamily buildings are so small that it is hard to
get a small enough gas furnace to heat them. Serious consideration should be given to
appropriately‐sized systems such as mini‐splits or small heat pumps or hydronic heat pumps.
Next Steps
•

Replace old furnaces and water heaters with new ENERGY STAR brands or retrofit
existing heating units for proper design conditions where feasible.

•

Locate filters in an accessible place and ensure they are correctly sized and designed for
the system.

•

Retrofit or replace ducts with ones that are properly sized and have the correct velocity
of delivered air. Aim for ‘low to no” duct leakage (6% to 10% of delivered air (cfm) per
system is easily achievable).

•

Gain better thermal mass absorption by decreasing the temperature of delivered air.
Properly sized systems will help bring the temperature up slower by letting the furnace
run longer, with no cycling on and off, to obtain better air mixing allowing the surface
furnishings and walls to absorb the heat. Also, this reduces temperature stratification in
the home and creates increased comfort.

•

When replacing systems, ensure the proper design and size by using an acceptable load
calculation method. Once installed, the system should be tested out to ensure correct
installation practices and compliance to design.

•

Where possible, install heat pumps in place of combustion appliances. Heat pumps and
hydronic heat pumps are all electric systems, which are more efficient than gas
appliances and can be located in interior spaces (where gas appliances cannot be
located due to the lack of outside venting).

A1.1.5

Electrical/Ventilation

Considerations
Small electrical panels and old wiring often lead to overloaded circuits. Knob and Tube style wiring
is often illegally spliced and additional loads added without considering the existing loads on the
circuit. Electrical boxes often have very little available space, making it difficult to add additional
circuits as needed (such as dimmers and motion sensors). Additional electric boxes in multifamily
buildings make electrical problems worse. Older, less efficient appliances are common due to the
age of the buildings. Bathrooms are frequently unvented and the installation of bath exhaust fans
can be difficult due to adjacent structures.
Next Steps
•

Replace incandescent lights and fixtures where possible with new generation CFLs or LEDs.

•

Avoid poor indoor air quality (IAQ) and moisture issues by installing mechanical ventilation in
kitchens and bathrooms with timers to ensure long enough run times to mitigate moisture
issues.
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Utilize mechanical ventilation equipment that has a low watt draw.

•

Use motion control sensors in garages, bathrooms and hallways.
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Homeowner Engagement
•

Develop an educational seminar to provide homeowners more information about
energy use in their home and their occupant behavior relating to energy use.

•

Perform outreach to homeowners for existing San Francisco audit and retrofit
programs.
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CBPCA 2003 San Francisco Mini‐Multi Building Evaluation
(Data Sheets Excluded)

SA N F R A N C I S CO
M I N I ‐ M U LT I B U I L D I N G
E VA LUAT I O N
Prepared for:
ANN KELLY, SF PEAK ENERGY PROGRAM PROJECT
MANAGER
U n d e r ICF subcontract agreement no. 022061‐04 with CBPCA

Prepared by:
Timothy A Locke, Senior Diagnostician
Rick Chitwood, Senior Diagnostician
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SAN FRANCISCO
MINI‐MULTI BUILDING EVALUATION

INTRODUCTION

The scope of work for this project is excerpted in part below, directly from the contract document
as an overview for the content of this report; The San Francisco Peak Energy Program is a
partnership between the SF Environment Department (SFE) and Pacific Gas and Electric Company
(PG&E) to reduce peak electricity demand in the City by 16 megawatts.
One component of the program is a study on residential building types in San Francisco, both single
family and multifamily, including small multifamily (2‐4 unit) buildings. The purpose of the study is
to determine what energy efficiency measures are appropriate for structures common in the city
but typically not found in most areas of California. Historically, these residences do not take full
advantage of PG&E programs, which concentrate on standard housing stock in warm climates.
San Francisco experiences a winter evening peak, which is frequently equal to, or greater than, the
summer peak. Initial findings show that this is due to a combination of residential electric heating,
commercial and residential lighting, and home appliances. It is also associated with stormy days
when City pumps are engaged. One of the objectives of the residential study would be to identify
residential measures that would reduce demand during the key hours from 5 pm to 7pm during
winter months. These measures would include both HVAC and building envelope measures as well
as non‐HVAC measures such as lighting and appliance replacement
General Project Tasks
¾ Provide A Work Plan And Timeline
¾ ASSIST SFE STAFF IN IDENTIFYING SITES AND IN SCHEDULING BUILDING TESTING AND
PROPERTY SURVEYS
¾ CONDUCT SITE SURVEYS AND PERFORM DIAGNOSTIC TESTS OF SAMPLE BUILDING TYPES
¾ PROVIDE PERIODIC UPDATE OF FINDINGS AND PRODUCE A REPORT OF RESULTS,
CONCLUSIONS, AND RECOMMENDATIONS

The subtle analytic complexity of this project is present due to the fact that expected comfort
levels and the delivery of it were somewhat different during the period that this housing stock
was developed and built. Similarly, the types of fuel used were both in flux and changing as
were the costs associated with usage. New fuels and new delivery systems are now present
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which may or may not be a good match for the older component variables found during
testing.
Challenge: Is there a redesign that will meet current needs without compromising the
structural integrity?
Historically, people gravitated toward one or two areas of the home to achieve comfort and
warmth. They went either to the kitchen where a fire was going in the cook stove or more
formally the sitting room where a fireplace was available. In other parts of the home heavy
curtains and window treatments designed to keep the cold out were in use and heating was
generally non‐existent. The important fact here is that these homes provided comfort through
radiant effect. This type of heat doesn’t transmit well in a structure where the lath and plaster
is being utilized as the air barrier and there is plentiful outside air moving throughout the
structure behind it. These un‐insulated walls end up acting as heat sinks and it becomes almost
impossible to achieve a generally acceptable level of warmth throughout the structure. Today,
given the use of more of the living space for 24/7 active living, the usage pattern has changed
and the need for more even distribution of heat is evident in the wide spread use of portable
heaters to condition areas of choice. This conditional change in usage has widespread redesign
implications; some of which are moisture transport, shell integrity, air barrier placement and
the structures ability to retain heat. These elements must be carefully considered as an
interactive group before making modifications to this housing stock.
DESCRIPTION OF BUILDING EVALUATION process

1. SITE IDENTIFICATION – Input was offered on needs for access to units and structural
integrity. SFE managed and completed the site identification and scheduling tasks.
CONSTRUCTION TYPES ‐ The units surveyed were all constructed between the 1890’s at the
earliest and the 1920’s at the latest. They were all two to four unit multifamily domiciles. Most
of the units had some form of remodeling done to them over the years.
2. DIAGNOSTIC AND TESTING OBJECTIVES – Isolate problems common to the housing
stock being sampled that cause excessive energy usage. Identify potential retrofit
strategies for the problems found that will garner peak load reduction for a future SFE
program.
3. TESTING PROTOCOLS – These tests were done as applicable to the conditions found on
site. Conditions precluding a test could include but not be limited to: absence of a
device, unsafe conditions for test, damaged equipment present, construction precluded
testing, no significant thermal difference present for an IR scan or 3/22 and 23 units one
and two where test protocols were determined and the datasheet was constructed
based on results.
3.1. COMBUSTION SAFETY TESTING ‐ Combustion Safety Testing Included the Following:
Draft, Tactile and Smoke Testing. Time to Draft Steadily Without Spillage As Well As
Flue Pressure Readings And Co Presence. A visual inspection for proper installation
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and presence of a complete system was also accomplished. All combustion devices
were tested including kitchen ranges. Most kitchen ranges were un‐vented to
outside and ended up raising otherwise neutral ambient co levels after use.
3.2. SHELL LEAKAGE TESTING ‐ An energy conservatory blower door with a DG 700
gauge was utilized to depressurize living spaces to ‐50pa house pressure WRT
outside.
3.3. DIFFERENTIAL PRESSURE MAPPING ‐ A unit was depressurized and then pressures
were taken WRT outside across series leakage pathways including but not limited
to chase ways in wall cavities, chimney cavities, stair systems and floor/ceiling
assemblies. Attics as well as basements were tested for communication as well.
3.4. SPECIFIC UNIT TO UNIT AIR FLOW ‐ Two energy conservatory blower doors with a
DG 700 gauge were utilized to identify communication between any two units first
checked separately and then calibrated together. First one unit was set at ‐50pa
WRT outside. Then the second unit was adjusted to ‐50pa WRT outside. The first
unit pressure reading was then readjusted back to ‐50pa WRT outside and the
correspondent change in CFM readings equated to the amount of air passing
between the two units or the amount of “communication” present.
3.5. TEMPERATURE STRATIFICATION TEST ‐ A temperature stratification test was
performed to identify the following: time needed to heat a structure from ambient
to set point and then temperatures one foot from the ceiling, four feet above the
floor and at floor level for stratification. Temperature of delivered air flow for
forced air systems was also taken. Time necessary for the thermostat to call for
heat again was also noted. This helps us understand how effective a heating system
is at creating comfort and how long the comfort will last before more heat is
required. See a copy of that field datasheet for the detailed protocol utilized.
3.6. INFRARED THERMOGRAPHY ‐ The structure was heated for at least an hour or more
and then a negative pressure was pulled with the blower door to elicit cold air
pathways in wall systems both interior and exterior as well as hidden chase ways.
This helped identify infiltration pathways and correlated with series path leakage
readings were taken as a back up to quantify relative flow volume. This helps
identify the presence of and prioritize types of leakage pathways available for
repair.
3.7. DUCT LEAKAGE TESTING ‐ A total duct leakage test was done with an Energy Conservatory
Duct Blaster to identify total leakage present with the filter removed. The test was most
often dome at a return grille if accessible or the air handler cabinet door. Duct leakage
measured was found to be responsible for a significant amount of lost efficiency. On the
surface the findings were comparable to any other structures using forced air systems in
the California market. In this study duct leakage losses account for between a 20% to 50%
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and greater loss of delivered efficiency. Also this is not counting conduction losses.
Interestingly, a side note of some significance is the fact that we found hidden filters not
accessible or known about by the occupants in at least four units that appeared to have
been in place since installation. In each of these cases this situation contributed to
catastrophic air flow conditions in addition to the other flaws found by testing. Proper duct
sizing and then sealing was found to have tremendous opportunity for improvement and
thus savings with attendant increased comfort. In general, we find that when leakage,
sizing and age are taken into account, we need to actually change out or replace duct
systems a minimum of 60% of the time. This is another example of looking at more than
just one factor when addressing the appropriate fix for a problem. Age, condition, size and
amount of leakage plus register placement and grille type = repair or replace (not just the
presence of leakage)
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General Test Findings

¾ Gross water intrusion was noted in structures where the wall assemblies were open to the
siding. Staining was present on both the studs and the inside of the siding. In most of these
instances, no building paper had been installed. It is interesting to note that while staining
was present, there was no evidence of rotting in most cases where walls were not in
ongoing contact with gross water. It will be necessary to identify whether or not building
paper or some other form of drainage plane is present if wall insulation is contemplated.
Otherwise, a building which as stood for as long as 90 years or more could be compromised
in as little as one winter rainy season and start to rot. The building stock evaluated seems to
have escaped the effects of rain given the massive air movement found behind the plaster
and lath that dried out the wetted assemblies between exposure periods.
¾ There are many interstitial spaces and chase ways communicating with both attic and
basements and the floor assemblies in between. Plumbing and electrical chases are
routinely open to attic and basements and can be retrofitted to stop air movement easily.
Shell sealing needs to be focused on just a few high reward areas; Attic top plates,
plumbing, electrical and fireplace chases, Pocket doors, and basement penetrations to the
chases.
¾ Flats with forced air systems routinely delivered overheated air to the living space given a
variety of HVAC installation defects. This causes large swings in RH due to overheated and
then cooling air that create uncomfortable and unhealthy conditions for occupants.
¾ Significant temperature stratification was found when measured. This is one culprit partially
explaining the presence of excessive heater cycling and increased cumulative run time to
satisfy minimal occupant comfort.
¾ Catastrophic duct leakage was endemic to systems tested and found to be 50% or greater
of fan capacity.
¾ Windows were found to be in very poor repair and single pane in construction. Repairing
the existing windows would most probably be as or more costly than replacing them
through a wholesale program.
¾ There were numerous Building code violations found including but not limited to; electrical,
plumbing, HVAC, and of greatest concern, Combustion Safety and venting issues.
POSSIBLE CAUSES FOR POOR BUILDING CONDITIONS FOUND
1. Department of Building Inspection – Home Owners state the department appears to
be overworked and is unresponsive to their needs.
2. Home Owners report that the Department is also extremely hard to work with thus
causing their avoidance.
3. Home Owners report they don’t want to open a “can‐of‐worms” by getting a permit
for work and “everything requires a permit”.
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4. Home Owners report they “can’t afford complete and permitted repairs because of
rent control”.
5. Home Owners do many of their own repairs because “they can save money” despite
improper installation practices and code violations due to improper or unfinished
work.
6. Tenants don’t complain in fear of jeopardizing their low (rent controlled) rental rates.
7. Handymen who account for a large preponderance of the work done are reported, in
general, to “not be licensed” and “never get permits”.
8. Licensed Contractors often comply with owners’ wishes not to involve the Building
department in their projects or avoid the department on their own as a way to
optimize profitability and remain competitive in a “low bid” environment.
Tabulated data on overall lost performance energy cost
Total Sample

Given the fact that fuel bills were not routinely available for review and disaggregation, a
usage model with the following assumptions (supported by other onsite data collection)
was constructed to show the effects of possible corrective action:
¾ The units were heated to 650f for the 3001 Heating Degree Days (hours below 650f during
the heating periods) needed.
¾ Average 80,000 BTU/hr furnace input, 64,000 output capacity on site.
¾ Average Load per tested flaws needed is 110,906 Btu/h input, 88725 Btu/h output @ 80%
efficiency.
¾ Electric heaters are used to subsidize the load shortfall for comfort @ 25% of design load.
¾ Infiltration rates can be brought down to .35ACH or around 1 CFM50 Ft2.
¾ Duct leakage can be decreased to between 30 to 60 CFM25 without trouble.
¾ Cost of energy; $0.14 / kWh and $1.15 / therm average.
¾ Individual Flat loads are as follows before and after contemplated general retrofitting:


Replacement LoE2 Vinyl single hung Windows or wood sash for historic treatment.



Decrease Infiltration to around 1CFM50 per square foot of living space



Seal or reengineer, replace and seal ducts to 35 to 60 CFM25. Insure proper filter sizing,
airflow volume, velocity and register throw for structure.



After shell sealing and duct renovation, blow R‐30 insulation in the attics.
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GENERAL HEAT LOAD CALCULATION FOR AVERAGE 941 ft2 Flat (Modeled Example)
ASSEMBLY
AS IS LOAD Btu/h
% OF TOTAL
FIXED LOAD
% OF TOTAL
Btu/h
WALLS
16689
27
16689
37
GLAZING
11925
19
6228
14
DOORS
1447
2
1447
3
CEILING
12019
19
1696
4
FLOOR
5527
9
5527
12
INFILTRATION
11543
19
11543
25
DUCTS
29575
33
2156
5
TOTAL LOADS
88725 Btu/h
45286 Btu/h

SELECTED METRICS FROM FIELD DIAGNOSTIC TESTING
17 flats
TOTAL

Average
CFM25

LEAK
COST
Btu/h
UNIT

408

29575

9 systems
tested

SAMPLE
SAVINGS

Infil.

Average
CFM50

COST

UNIT

Btu/h
UNIT

3835
1.1 ACH

11543

UNIT
TO
UNIT

Cumulative
THERMS

Cumulative
THERMS

Cumulative
KWh

USED

SAVED

SAVED

CFM50

(DEFECTS
TOTAL
LOAD PER
UNIT)

(FIXED
TOTAL
LOAD PER
UNIT)

For
RETIRED

2663

1304

4877

UNIT

UNIT

424

HEAT
ASSIST PER
UNIT

11%
22,168

82,909

SAMPLE

SAMPLE

Thoughts on future code requirements

1. The amount and severity of Combustion Safety Issues found would suggest the
requirement for mandated Combustion Safety testing as a general prerequisite
to any structural changes contemplated. Any Shell changes should be most
carefully scrutinized.
2. Systemic testing protocols involving Shell, Combustion Safety, Pressure
Differential and Mechanical Equipment components should be utilized as a
method of identifying potential component interactions before proceeding
with remodeling plans. The need to look at the interactions between
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components is paramount to achieving real energy savings as well as occupant
comfort. This is accomplished by applying integrated testing protocols not just
individual component test results.
3. If the Shell is to be treated then computed ventilation air must be included as
part of the overall tightness calculation. Post retrofit infiltration results must
be included when sizing HVAC.
4. Any work done must have performance targets with proof from performance
testing that the target has been attained.
General suggestions and next steps
Shell
1. DEVELOP SHELL SEALING PROTOCOLS BY EXPERIMENTATION WITH HOUSING STOCK. UTILIZE
BLOWER DOOR (IR ASSISTED IF POSSIBLE) IN TARGETED SHELL SEALING EFFORT TO ISOLATE
INTERNAL WALL AND FLOOR ASSEMBLIES FROM OUTSIDE AIR COMMUNICATION.
2. AIR SEAL SHELL LEAKAGE TO AS CLOSE AS POSSIBLE TO THE CURRENT ASHRAE STANDARD OF
.35ACH (CURRENTLY THE MOST DEFENSIBLE LEGAL STANDARD).
3. WORK TO STOP AIR COMMUNICATION BETWEEN UNITS, ATTICS AND BASEMENTS
4. WHERE BUILDING PAPER EXISTS AS PART OF THE WALL ASSEMBLY, CALCULATE THE VALUE OF
WALL INSULATION TO THE SYSTEM VERSUS INSTALLATION COST.
5. REPLACE OLD WINDOWS WITH A WHOLESALE PROGRAM HAVING AT LEAST THREE GRADES
OF WINDOWS AVAILABLE – VINYL LOW E2 TO WOOD LO E2.
6. IF FLOOR ASSEMBLIES CANNOT BE BROUGHT INSIDE CONDITIONED SPACE THEN FOCUS ON
SEALING POCKET DOORS FROM INSIDE UNITS

¾ VENTILATION
1. Offer and install mechanical ventilation in Kitchens and bathrooms as appropriate
spot ventilation for good Indoor Air Quality and proper air changes by calculation.
Utilize equipment with low watt continuous duty rated ECM motors. Utilize timers to
provide adequate run times to satisfy moisture issues.
¾ BASE LOAD REDUCTION (SAVINGS POTENTIAL NOT CALCULATED)
1. Replace old appliances with new Energy Star brands.
2. Offer a range of newest generation CFL’s to replace incandescent lights and fixtures
where possible.
3. Help occupants identify cost of base load portion attributable to stand‐by phantom
load appliances
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HEATING SYSTEMS
1. Retrofit existing Heating units for proper design conditions where feasible.
1.1.

Install accessible filters designed for system pressures and correctly sized.

1.2.

Low to no duct leakage (35 to 60cfm per system is easily achievable)

1.3.

Ducts with proper size, throw and velocity of delivered air

1.4.
Decrease temperature of delivered air to achieve better thermal mass
absorption of heat
1.5.

Consider the use of combined hydronic units firing wet coils from domestic hot
water heaters. This will have the effect of removing one combustion appliance
from the structure with the attendant fuel savings garnered from the double
duty usage of the Domestic H2O heater.

1.6.

Only install replacement units if a recognized and accepted load calculation
method can be accomplished and targets set for load reduction before sizing is
concluded. Utilize accepted design and installation practices and test out to
insure compliance to design.

Site by site specifics

This is a usage model with the following assumptions given the fact fuel bills were not
routinely available for review and disaggregation:
¾ The units were heated to 650f for the 3001 Heating Degree Days (hours below 650f during
the heating periods) needed.
¾ Average 80,000 BTU/hr furnace input, 64,000 output capacity on site.
¾ Average Load per tested flaws is 110,906 input, 88725 output.
¾ Electric heaters used to subsidize comfort @ 25% of load shortfall.
¾ Infiltration rates can be brought down to .35ACH or around 1 CFM50 Ft2.
¾ Duct leakage can be decreased to between 30 to 60 CFM25 without trouble.
¾ Cost of energy; $0.14 / kWh and $1.15 / therm average.
Site by site specifics
Test
Date
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3/22

2ND
1ST

629

3381

‐

470

CONST

‐

3/23

ND

2
1ST

116

2808

290

225

3096

3/27

RD

NO DUCTS

6573

NO DUCTS

4203

756

4743

446

182

3344

110

272

2055

CONST.

‐

851

4316

691

ELEC HEAT

3833

608

ELEC HEAT

2431

ELEC HEAT

NO

3
2ND
1ST
ND

3/28

2
1ST

3/29

ND

2
1ST

4/16

RD

3
2ND
1ST

496

‐

ACCESS

4/17

17 flats
TOTAL

RD

3
2ND
1ST

173

5740

ELEC BASE

4136

ELEC BASE

3027

Average
CFM25

LEAK
COST

Average
CFM50

Btu/h

452

299

INFILTRATION
COST
Btu/h

UNIT
TO
UNIT

Cumulative
THERMS

Cumulative
THERMS

Cumulative
KWh

USED

SAVED

USED

CFM50

(DEFECTS

(FIXED

HEAT ASSIST

TOTAL LOAD

TOTAL LOAD

PER UNIT/yr

PER UNIT)

PER
UNIT/yr)

408

29575

3835
1.1 ACH
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B1

Detailed Notes from Contractor Knowledge Gathering

B1.1

Results – Contractor Focus Group
1. What is the #1 Thing that would Improve San Francisco Home Performance?
• Replace gravity fed forced air
• Weatherstrip (others said don’t because it’s not durable)
• Do low‐cost, simple measures
• Knob & tube wiring retrofit with simultaneous insulation
• Educate homeowners, build demand for effective measures
• Superinsulate (maybe greater bay area but not SF)
• Air seal the envelope (5 people stated this as #1)
• Insulate
• Greater assertiveness from city for change in building stock
• If people would stop using DWELL magazine as their primary guideline for retrofit goals
• Low voltage lighting and LEDs
• Attack balloon framing issues
• Analysis – finding and correcting problems. New windows may save 20% but often see
40% savings just from locating and fixing problems through analysis
• More PV, especially on false roof buildings, showcase solar
• Financial incentives, also addressing renters
• Combustion safety

2. Comment on the Proposed San Francisco Net Zero Energy Homes Framework
• Do search by individual home features, not architectural style
• Consider organizing by microclimate and/or neighborhood
• Consider organizing by economics (solutions available by cost range & ability to spend)
• Do low‐hanging fruit first then cost‐effective measures
• Put air sealing before insulation in diagram
• Promote a 10‐year plan with contractor as partner
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• Do/publish case studies with measures implemented, savings, rebate $ (and
cost/payback)
• Introduced but not discussed at length.
• No major objections, and some support expressed

3. What features are unique to San Francisco homes?
• See summary of features, problems and solutions in Table 4
• Old housing stock (original features, multiple remodels, operating problems)
• Thermal envelope not well defined or fully sealed/insulated
• Several people said there aren’t a lot of truly unique features in SF, or important
efficiency measures may be common to other locations, but there are lots of citywide
trends that can be identified.

4. Do certain features appear more frequently in certain home types?
• Yes. A matrix was generated of features and in which architectural styles the participants
feel they tend to occur.
• Most agreed home types/styles do not have meaningful performance‐related differences
– most homes are hybrids, style not a good organizational scheme – however, features are
meaningful

5. Which of these features create home performance problems? What are the best
approaches to improving performance when these features are present?
• See Excel summary of features, problems and solutions
• If slabs are already open, consider installing radiant tubing (if we agree if saves energy)
• Install monitoring – systems generally good, behavior of occupants very important
• Some of the solutions create concerns, notably air sealing and insulation (moisture,
inadequate gas combustion venting, inadequate ventilation, potential disruption of lead
paint and asbestos).

6. What measures combine to achieve the deepest energy savings in SF?
• Focus on keeping energy inside the building
• Spray foam on roofs (stem wall issues – rim & foam)
• Air sealing always in front of insulation
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• Ventilate (with heat recovery), especially when air sealing is done
• Radiant systems
• Hydronic air handler
• Heat pumps
• Mini splits
• Green roofs or earth (brown) roofs
• Eliminate combustion
• Occupant feedback and knowledge
• DHW demand recirculating pump
• Insulate DHW lines (light walls?)
• Heat pumps for DHW

7. What measures are appropriate for different San Francisco homeowners?
• Do audits to show measurable results
• Group solutions by cost range
• House within a house (warm only the zone you are in)
• Focus on what people can do themselves (occupant behavior)
• Many homeowners attached to original features (curved glass, etc) in old homes, esp.
Victorians. Solutions – seek ways to make retrofits look original or focus on other features.
• People freak out about losing cabinet space (for vents) – “they’d almost rather die”
• Present solutions by cost and ability to spend
8. What are the biggest home performance problems in SF?
• Homeowners don’t understand benefits & there is not enough advertising and education
about energy efficiency
• Board of Realtors needs to support and understand home performance
• City requiring energy efficiency for all existing homes – ordinances (probably this is a
solution, not a problem)
• Improper insulation – “watch‐its” are needed
• Insufficient inspection – more rigor needed
• Focus on products rather than service/solutions/analysis
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9. Is there a silver bullet?
• One thousand silver B‐Bs (no a silver bullet)
• Get past inertia – big city outreach, get awareness up
• A thermal Google map (take aerial photo of city with an infrared camera showing heat
leakage and publish)
• City‐scale alternative generation (solar, wind, etc)
• Educate contractors on how to properly insulate. Educate inspectors too.
• Case studies for contractors and homeowners
• Leverage energy retrofit requirement at point of sale
• More ordinances – require energy efficiency in all existing homes

10. What don’t you do in San Francisco Homes?
• Stem wall detailing (John Walker)
• Weather strip (low quality, not durable)
• Energy recovery from sewer line (no vertical space due to no basements)

11. Hot topics (wall insulation, heat recovery, forced air, window retrofits, combustion
safety, energy use feedback systems, electricity vs. gas…)
• Wall insulation
• Should usually be done but must ensure exterior walls are protected from
moisture (by roof overhang)
• No universal answer. Must analyze case‐by‐case
• Lead paint concern when opening walls
• Heat recovery
• Often there is no space for necessary vertical tubes (no basements)
• Good idea but not cheap
• Energy dashboards
• Very positive feedback
• TEDs used
• Talk to Chris Hunt at Power Down
• Electricity vs. Gas
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• All electric eliminates the combustion safety issues
• Ductless heat pumps
• Earth roofs
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Architectural
Types (left to
right: Boxy,
Italianate,
Victorian,
Edwardian,
Marina,
Sunset)

Home
features
(pocket doors,
bay windows,
lack of
insulation,

Figure 25 – Matrix showing architectural type vs. performance‐related building and site features. The conclusion was
that there was not a strong correlation between the two
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Results – Rick Chitwood Interview
The team interviewed Rick Chitwood due to his unique knowledge of performance issues in
San Francisco small multifamily housing. His responses are organized here as they relate to
the major themes of the project. Please excuse the shorthand notation.
Demand for Zero Energy Homes and Deep Retrofits
•

Everyone (professionals) would like to do good job, achieving a balance between cost,
maintenance, durability, etc. People (owners) aren’t asking those questions. Just what’s
cheapest. Focus is still on low bid.

Delivering the Zero Energy Home ‐ Contractor Capabilities & Training
•

6 performance factors (Duct leakage, duct conduction, etc) were monitored for net btu
output. Right after testing, all checked out good, but 50% still had problems. Rick has
added to training manufacturer’s defects because of prevalence. Need to do final step –
measure net btu efficiency & fix new equipment.

•

Mindset issues – hard to teach verifiers they can and should go beyond minimum
standard. BPI is better than minimum but not comprehensive for project goals. How to
motivate to exceed minimum standards? Redding zero duct leakage club example. Show
a zero reading on a gauge and get in the club. Redding is full of zero leakage ducts but
everywhere else it’s considered impossible. Everyone says zero leakage is impossible
unless there’s a club (or some kind of personal motivation to try). It’s about the mindset
shift.

•

Cheap testing and worker training important. Challenge of training and of QC and
feedback loops. Need to have performance testing in everything we do with energy.
Blower door $150. If we have new hire insulation guy do it, it’s a $6 test & that person
learns something. Blower door plus infrared camera work should be done by installers
often. 10 houses later this person is one of the best. Putting feedback mechanisms in
the hands of the actual workers is the key. In bid, need budget time for hands‐on
training (the only good kind of training). Does away with some of the big expense of
HERS. Program to do ultimate verification of actual utility reduction. Could then
correlate worker tests and utility results.

Home Performance Problems & Solutions
•

San Francisco housing issues are tougher than outside San Francisco.

•

Majority of flats are very leaky.

•

In tested buildings, 2 of the water heaters had no vent (1 never installed, 1 out of
service)

•

Single best measure to save energy
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•

Stop interstitial cavity air movement. Lathe and plaster moves air seal away from
top plate, air moves to attic.

•

Heat distribution system quality & losses (improve) – most important is how air is
delivered to get properly mixed. Tested a flat – owner said heat didn’t work. It did
work. Delivery was at such low velocity & stratification was so extreme, couldn’t feel
it at all (all on ceiling). Velocity & direction are important. This was a natural draft
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furnace. Supply diffusers were round, high volume (commercial type, inappropriate).
Installers don’t know anything about diffuser selection, design of airflow, etc.
•

Comment on fix for pocket doors: 1” quarter round with felt for sliding.
•

•

Pretty easy to test. Tape up crack with duct mastic. Measure improvements.

Report recommended rigid installation when walls are opened. Why is this that much
better than mold resistant fiber? Still fills wall cavity.
•

Consider fiberglass – cellulose absorbs moisture – but both can impede air
movement & are slow drying.

•

Stratification is an issue, and ceiling fans are a great idea for stratification.

•

Report mentioned problems with wood sills.
•

•

Wouldn’t say there’s actually any problem with that. The slides showed wood, but it
was to point out that double hung windows leak air by design.

The 2003 report recommended against any forced air solutions.
•

Not sure about that. If we can do great envelopes, radiant is best, but otherwise
forced air may be best.

Zero Net Pathways and Recommended Measures
•

No single approach – apply whole house methodology always. Someone argued that
new homes are tight enough ‐ .25 ach average. Recent sample of new homes showed
.13 – 2 range. Need to test every house. Lots of variation. Methods don’t vary in San
Francisco compared to other locations. Each house is unique. Exception may be
neighborhoods that were designed and built together.

•

He has tested lots of buildings around 100 yrs old, occupied by 4 young professionals
where many weren’t using heat.

•

These homes need a little additional R value (not as much as in Central Valley), but then
we can focus on really good, quick recovery mechanical equipment, run in morning, set
way back, run again btw 5‐9pm. Oversized furnace might be best choice in buildings
that are in mild climate, but have such challenging envelopes.

•

Often [we] make atmospheric vent appliances work but then remodel causes issues
again. Rick tries to get open combustion appliances out on every job and switch to
sealed combustion or electric.

•

Goal is staged net zero, but it’s tricky. Can do a lot with base load, low fruit, but once
start on envelope and HVAC it’s very interdependent.

•

Hard to renovate San Francisco buildings. Never will get them quite right, so focus is
more on systems. Concept of a moving electric heater that follows the occupant is good.
But typical occupants won’t manage systems. Mechanical timers good too. No standby
loss on mechanical timers.

•

Hard to insulate walls, no one gets permits, walls all get wet. You never see building
paper in 100 yr buildings. They are leaky, but never have any rot or deterioration even
though they get wet. Insulation is tricky because it can cause rot. Putting foam on inside
of wall cavity is ok – cover face of studs with another inch and then drywall [there may
have been an additional component here that I missed].

Appendix B

B‐9

San Francisco Department of Environment
Report to the Living Cities Foundation

The San Francisco Zero Net Energy Homes Project
July 2011

•

Very skeptical of the value of heat recovery in homes. We need to learn more. Dryer
heat exchange is simple. Drain water heat recovery is pretty simple. Could consider heat
recovery, but there are 2 problems. 1. Workforce doesn’t understand . 2. No one’s done
enough research to say what the costs and benefits are. Need research then training.

•

Electric vs. gas ‐ A properly installed heat pump on PG&E rates is competitive on
operating costs [with a gas furnace]. Good option. Smallest furnace is way too big for
most houses. Only good in guest quarters or one without a good envelope. Properly
installed heat pump is great, but few people know how to do it.

•

Shell sealing high reward areas listed in 2003 were: Top plates, plumbing, electrical and
fireplace chases, pocket doors and penetrations to the chases. It’s still a pretty complete
list. Would add floor assembly penetrations maybe ‐ remind people to differentiate
between ceiling and floors.

•

Heat pumps for water heaters ‐ The jury is still out. They were available in 80s. No one
company lasted over 3 years. Bad marketing or bad product? Don’t have long‐term
costs and issues, noise problems figured out today. Hard in cold climates but perfect for
San Francisco climate.

•

Long term (10 yrs) savings of 2‐7% from dashboards (occupant information) typical.

•

One customer has 2 original Priuses. Shows something positive about attitude and early
adoption. Tailoring solutions to client personalities does indeed make sense.

Policy and Program Recommendations

10

•

We have intermediate testing info from EUC – doesn’t necessarily correlate with
reduction in bills. Are we going to look for post data? Disappointed with existing
programs. Not improving energy savings, just our ability to run Energy Pro. It’s very rare
to actually get post data, correlation with actual savings. Great that SFHIP is collecting
post data. Important to have budget for analysis of post retrofit utility bills too.

•

Buildings undergo renovation but no one does the energy work even though it is so easy
and cheap to do it during an existing renovation. If there were permits on renovations
[could somehow require or incent this to happen]. Must have everyone involved to
achieve the zero energy goals and even widespread efficiency improvement –
contractors [who he has implied do all the real system design as well as the installation],
homeowners, policymakers, officials, planners. Everyone.

•

Don’t advocate anything that most contractors can’t install successfully and without
success metrics.

•

How to shift thinking away from meeting standards as the metric for success? Standards
are not goals, they are minima.

•

If we were paying more for it, performance would be better, but energy is still cheap.

•

Combustion safety ‐ require tests before any structural or shell work done (in report).
One problem with BPI safety standards: not thorough enough10‐ should be closing and
opening other doors – garage for example. Sometimes water heater can backdraft with
door open to garage.

The PG&E whole‐home program has updated their combustion safety testing protocol.
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•

Contractor/installer as verifier (see description in training comments above). No data
says that HERS predicts the savings accurately or that energy pro does. Wants programs
to collect final savings data. Other piece – consequences for false reporting – verify test
results. Could save money through sparse verification but with extreme consequences –
maybe 1/100 audited. If it’s been falsified, reporter has to pay to test other 99. Very
little consequences now for wrongdoing. Quality control like in auto industry could save
money for everyone.

•

Need to talk to everybody about energy savings. Several groups are still in the dark
among manufacturers, professors, etc.

Miscellaneous
•

It’s hard to model high performance work. On his best documented model, actual work
savings exceeded modeled savings by 45%.

•

Background, goals and guiding principles for Rick’s work in San Francisco was simply
how to fix building performance.

•

Worst performing energy features occur in CA & in San Francisco because climate is
mild.
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C1

Reports to Participating Homeowners

C1.1

Home Performance Assessment Report
Richmond District, San Francisco, CA

Property Information
Owner
removed
Address
removed
City
San Francisco
Phone
Email
District
Richmond
Style
Edwardian
Age
1917
Date of test
3/21/2011

Number of floors
Number of units
Exterior construction
Framing
Roof
Attic space
Basement
Garage
Report Prepared by

2
2
stucco, shingle, wood
stick, balloon
flat
flat w/access, 24” nominal
4 water heaters
full garage
Andy Simms, CBPCA

General notes
The building is a typical San Francisco row house in the avenues. It has two stories with a ground level
garage and storage area where the water heaters and old gravity furnaces are located under the living
space. Building is in contact with other buildings on both sides. And has open breezeway under
conditioned space.
Exterior
Exterior appears to be in good overall condition. Roof has some signs of water accumulation in low spots.
An open breezeway at the side property line allows cold air to flow under conditioned space. Energy use
would be reduced by installing a door on the west end of the breezeway to restrict airflow.

Appendix C

C‐2

San Francisco Department of Environment
Report to the Living Cities Foundation

The San Francisco Zero Net Energy Homes Project
July 2011

Interior Characteristics
Plaster walls and ceiling. A few can lights in the upstairs unit 619 and built‐in bookcases around fireplace in
unit 617 are likely sources of heat loss.
Combustion Safety Testing
All natural gas combustion appliances risk emitting carbon monoxide (CO), a deadly colorless, odorless gas,
into the air. When buildings are upgraded to have fewer leaks, any CO in the air can become an even
greater hazard because it has fewer ways to escape the house. Therefore, the CO levels near all combustion
(natural gas) appliances, as well as in the ambient air, are measured before and after changes to the
building envelope and/or heating systems. These tests, collectively known as combustion safety tests, show
whether or not action is needed to correct any unsafe conditions.
Energy Pathways
Based on the results of this assessment, two “Energy Pathways” have been developed, each listing a
recommended set of cost effective items to achieve a set minimum level of energy savings.
15% Energy Savings
The recommended work scope in the 15% and above energy savings category was chosen because of its
relatively less invasive nature and it is the lowest cost set of measures to deliver a minimum 15% energy
savings. Basic air sealing as the main upgrade will eliminate the major air leaks in the building envelope
which may result in better air quality and, in addition, may create increased comfort due to less
draftiness.
50% Energy Savings
The recommended work scope in the 50% and above energy savings category was chosen for its ability
to significantly reduce the energy use of the building with a wide array of feasible and cost‐effective
measures. While it is a bit more intrusive in nature and comes with a higher cost and longer pay back
period, it delivers a more comfortable, safe, and energy efficient home while lowering the carbon
footprint of the building.

First Floor Unit Summary
Square
1250 approximately
footage
Ceiling avg. ht. 9 feet
Bedrooms
3
Fireplaces
1, open hearth, no damper
Baths
1 bath, one w/c
Bath fan
no
Occupants
2
Home at day?
2
Pets
cat, indoor
Cook top
gas
Oven
gas
Range hood
yes
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Size
Draft
Furnace type
Brand
Age
Model
Size BTU
Efficiency
A/C
Filter
Flue runs?
Flue type
Ducts
Registers
Return
Thermostat
Water heater
Brand
Age
Model
Size
Btu
Flue runs?
Flue type
Utility data
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36”
hood is not vented to outside
Natural gas, gravity
Atlas
No date but very old
80,000
<70%
no
1” paper, extremely dirty
across garage then vertical to
roof
transite, asbestos
garage, large, asbestos
floor gravity
wood in floor hallway, rug on
top
digital, no program set
natural gas, atmospheric
AO smith
2002
40 gallon
40,000
out to side well then vertical
single wall to B vent, combined
available

Health and Safety
Garage has some Knob and Tube wiring that appears to have been spliced incorrectly and is not in certified
junction boxes. Other potential fire hazards include: gasoline power tools in storage room and storage of
combustible materials near furnaces. Car parking under living space creates the possibility for
contaminated air to enter living space. There is asbestos insulation on duct work in garage area with signs
of damage.
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Exposed Knob and Tube wiring

Combustion safety
All combustion appliances were tested for spillage, draft, and carbon monoxide. Furnaces and water
heaters passed tests but could be affected by wind pressure from outside the building. Garage has make‐up
air vents and is providing sufficient combustion air for the four combustion appliances. Garage plus each
floor of the building should have carbon monoxide alarms installed.
Infiltration
Blower door results indicate a leaky building shell. Unit would benefit from air sealing. Areas to
concentrates on are: west end of building, breezeway, and fireplace. Concentrate on garage ceiling‐to‐floor
heat transfer to prevent air from entering into occupied portion of building. Built‐in bookcases and area
around the fireplace are leaky. Areas under bathroom show open infiltrations. Large metal ductwork for
gravity furnace has visible gaps and holes, allowing heated air to escape before warming the home, and
garage air to leak into house. Unlined cold air return and other duct leaks also contribute to air infiltration.
Fireplace has no damper and was covered with plastic by owner.

Vegetable cooler allows outside air to enter conditioned space

Mechanicals
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Gravity furnace with an accessory blower unit installed. Blower motor activated automatically with large
belt driven motor – ¼ horsepower. Plenum bottom is open to concrete, reducing furnace efficiency and
providing an air leakage pathway to house. Ductwork has visible signs of leakage. Return has gaps between
floor and ceiling. All three filters in motor plenum are extremely dirty (clogged). Clogged filters reduce
efficiency of furnace. There is also an atmospheric vented 40‐gallon water heater. Suggest installing a
bathroom exhaust fan to remove moisture.

Clogged furnace filter

Insulation
Unit is located above a garage. There is no evidence of insulation between the garage ceiling and the floor
of the unit. Garage ceiling is lathe and plaster and in fair condition. Ceiling has cracks and voids that are
allowing air to enter into the home from the garage. The walls in the unit do not seem to be insulated.
Utility bills
Gas and electric bills show typical seasonal rises in cost. Large motor on gravity furnace leads to high
electricity use during heating season.
12 months combined
Gas:
$469.46 Therms = 418
Electric: $391.73 kWh = 3236
Renewable Energy
None. Flat roof could accommodate a 3 kW solar electric system

First Floor Unit– Assessment Data
Test
Result
Notes
1250 sq. ft. , 9 foot
Blower
2650
ceilings, fireplace taped
Door
cfm 50
with plastic (by owner)
Duct
could not test due to
Blaster
asbestos ducts
% to
N/A
outside
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Furnace,
Spillage
Draft
CO
H20
heater,
Spillage
Draft
CO
Burner 1
Burner 2
Burner 3
Burner 4
Oven

The San Francisco Zero Net Energy Homes Project
July 2011

Fail

large diverter box

.2
1‐ppm

fail
pass
located in garage,
shares flue with other
unit
pass
pass
pass
pass
pass
pass

Pass
5.0
1‐ppm
8‐ppm
12‐ppm
9‐ppm
7‐ppm
190‐
ppm

pass

First Floor Unit – Energy Upgrade Paths
Safety items
 Vent kitchen hood to outside to prevent recirculating combustion gasses inside living area. Add CO
monitor. Consider electric stove.
 Repair knob and tube wiring
15% and Above Modeled Energy Savings
Estimated Energy Savings: 26.4 %
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Air sealing with focus on the boundary between the garage and 1st floor plus exterior in breezeway
Fireplace damper or chimney balloon to reduce air infiltration
Duct sealing
Duct insulation

50% and Above Modeled Energy Savings
Estimated Energy Savings: 76.0%
Above items plus:
 Use spray foam insulation to seal and insulate floor between the garage/breezeway and 1st floor to R‐19
and then sheet rock and apply fire tape
 Solar hot water addition (60% solar fraction estimated), new electrical water heater
 New high efficiency heat pump
 Low E vinyl windows
Additional energy saving measure: Install solar electric system ‐ approx. 3kw system on roof to potentially
achieve the “net zero” goal.

Appendix C

C‐8

San Francisco Department of Environment
Report to the Living Cities Foundation

The San Francisco Zero Net Energy Homes Project
July 2011

Second Floor Unit Summary
Square
1250 approximately
footage
Ceiling avg.
9 feet
Bedrooms
3
Fireplaces
1, open hearth no damper
Baths
1 bath, one w/c
Bath fan
no
Occupants
1
Home at day?
no
Pets
dog, indoor
Cook top
gas
Oven
gas
Range hood
yes
Size 36”
Draft average
Furnace type
natural gas, gravity
Brand Atlas
Age
Model
Size BTU 80,000
Efficiency <75% (low efficiency)
A/C no
Filter 1” paper, extremely dirty
across garage then vertical to
Flue runs?
roof
Flue type transite, asbestos
Ducts garage/house large, asbestos
Registers floor gravity
wood in floor hallway, rug on
Return
top
Thermostat digital, no program set
Water heater
natural gas, atmospheric
Brand AO smith
Age 2002
Model
Size 40 gallon
Btu 40,000
Flue runs? out to side well then vertical
Flue type single wall to B vent, combined
Utility data
no
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Health and Safety
Knob and Tube wiring in attic are not secured in place. Evidence of wires being spliced leading to potential
overloaded circuits. Circuits run on underside of roof and there is evidence of missing knobs and some
wires are hanging loose. It would be advised to upgrade the wiring in the attic by replacing the knob and
tube wiring.
Combustion safety
All combustion appliances were tested for spillage, draft, and carbon monoxide. Furnaces and water
heaters passed tests but could be affected by wind pressure from outside the building. Garage has make‐up
air vents and is providing sufficient combustion air for the four combustion appliances (furnaces and water
heaters). Garage and each floor of the building should have carbon monoxide detectors installed.
Infiltration
Blower door results indicate a very leaky building shell. The air exchange is nearly three times greater than
the ASHRAE standard. Unit would benefit from air sealing the west end of building, fixing ceiling‐to‐attic
communications, built‐in book cases, and area around the fireplace. Fireplace has no damper and allows
cold air directly into the building. Ceiling has cracks in the plaster allowing communication of air between
attic and living space. Large metal ductwork for gravity furnace has visible gaps and holes. Unlined cold air
return and other duct leaks contribute to air infiltration. Riser ducts from the garage are not sealed. Return
air pathways are open to framing. Attic hatch should be weather stripped and have a layer of plywood for
rigidity. Top floor had approximately 50% more infiltration than the first floor unit.
Mechanicals
Gravity furnace with a blower motor addition installed. The blower motor activates automatically and uses
a large belt driven motor, ¼ horsepower. Plenum bottom is open to concrete, reducing furnace efficiency,
and providing an air leakage pathway to the house. Drive belt on blower motor is in poor condition. Blower
motor is not in contact with furnace leaving a large gap for air to escape. Three filters in motor plenum are
all extremely dirty (clogged). Clogged filters reduce efficiency of furnace. Plenum doorframe is bent slightly
and is not allowing door to fit properly on the back side creating gaps. Gas supply line has slight leak at
valve. Asbestos insulation is visible on all ductwork. And ductwork has visible signs of leakage. Atmospheric
vented 40‐gallon water heater.
Suggest installing a bathroom exhaust fan to remove moisture.
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Left: Leaking, un‐insulated duct
Right: Rug covering return air register

Insulation
Attic has poorly installed fiberglass batt insulation over kitchen area. Partial insulation in attic has virtually
no effect. The walls in the unit do not seem to be insulated. Attic hatch was not insulated. Attic has limited
clearance of 24” but is accessible. No signs of attic ventilation.
Utility bills
Gas and electric bills show typical seasonal rises in cost. Large motor on gravity furnace leads to high
electricity use during heating season.
12 months combined
Gas:
$468.60 Therms = 445
Electric: $972.34 kWh = 5801

Old gravity furnace with blower motor addition
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Second Floor Unit – Assessment Data
Test
Result
Notes
1250 sq. ft. , 9 foot
Blower
3784
ceilings, fireplace taped
Door
cfm 50
with plastic (by analyst)
Duct
could not test due to
Blaster
asbestos ducts
% to
n/a
n/a
outside
Furnace,
Pass
large diverter box
Spillage
Draft fail
fail
CO 6‐ppm
pass
H20
located in garage,
heater,
pass
shares flue with other
Spillage
unit
Draft 5.0
pass
CO 1‐ppm
pass
Burner 1 15 ppm pass
Burner 2 11 ppm pass
Burner 3 15 ppm pass
Burner 4 10 ppm pass
Oven
n/a
electric
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Second Floor Unit– Energy Upgrade Paths
Safety items
Hire a licensed electrical contractor to evaluate the electrical in the building and suggest upgrades.
15% and Above Modeled Energy Savings
Estimated Energy Savings: 24.9%
 Air sealing with focus on the boundary between the ceiling and attic
 Duct sealing
 Upgrade electrical in attic (before insulating over it)
 Blown in cellulose insulation in attic to R‐38
 Fireplace damper or chimney balloon to reduce air infiltration
50% and Above Modeled Energy Savings
Estimated Energy Savings: 72.1%
Above items plus:
 Duct insulation
 New electric domestic hot water heater
 Install on demand water recirculation device to reduce heat loss in domestic hot water heater
 Low E vinyl windows
 Solar hot water addition (60% solar fraction estimated), new water heater
 New high efficiency heat pump
Additional energy saving measures: Install solar electric system ‐ approximately 3kw system on roof to
potentially achieve the “net zero” goal
Due to leaky ducts from garage it might be possible to place air handler and ductwork in attic to eliminate
leaky duct runs from basement

Open combustion water heaters in garage
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Home Performance Assessment Report
Cole Valley, San Francisco, CA

Property Information
Owner
Address
City
Phone
Email
District
Style
Age
Date of test

removed
removed
San Francisco

Cole Valley
Edwardian
1902
5/27/2011

Number of floors
Number of units
Exterior construction
Framing
Roof
Attic
Basement
Garage
Report Prepared by

3
3
Stucco / Wood Siding
Balloon
6/12 gable
Stand up, un‐vented
50% Garage , 50% Crawl
Tuck under
Charley Cormany

General notes
The building was constructed in 1902 and uses balloon framing, which is a common method of construction
for older buildings. It is three stories high and each story is its own apartment. The building has been
converted to condo status with a separate owner for each flat. The building has multiple front entries with
interior stairwells. There is a ground floor parking garage where three natural gas water heaters and a
forced air furnace are located.
Exterior
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Overall the building is in good condition. The building has an older exterior plumbing system that supplies
and drains. The hot and cold water lines run on the outside of the building with no insulation. The lower
unit has a breezeway running under the conditioned living space.
All interior fireplaces have been bricked over and were not in operation. The blower door testing also
revealed large air infiltration around fireplaces. This building is three stories with a soft first floor, 50%
garage, 50% crawlspace. The upper unit is exposed on all sides because the lower two units have adjacent
buildings on both side.
Interior Characteristics
The inside of the building has lathe and plaster walls and ceilings. The upper units have electric resistant
wall heaters, while the lower unit has a forced air furnace. The front windows are 20 year old triple glazed
vinyl in fair condition, while the rear windows are aluminum framed double glazed windows also in fair
condition. However, some units have pocket doors that were leaking air on three sides.
Energy path
Possible projects to save energy are noted below. There are two categories for energy savings projects, a
group of actions that will achieve 15% savings and a second group that could achieve over 50% savings.
The recommendations in the 15% energy savings category were chosen because of its relatively less invasive
nature and low cost delivered savings. Basic air sealing as the main upgrade will eliminate the major air
leaks in the building envelope, which may result in better air quality and comfort due to an decrease in
draftiness.
The recommendations in the over 50% energy savings category are a bit more intrusive in nature and come
with a higher cost and longer pay back period. However, it lowers the building’s carbon footprint while
delivering a more comfortable, safe, and energy efficient existence.
Combustion safety
Combustion safety testing and inspection is required for all combustion appliances before and after changes
to the building envelope and/or heating systems that are part of the work scope package. This inspection
must include the following tests: carbon monoxide (CO) measurement at each appliance and in ambient air,
draft pressure measurement and spillage evaluation for atmospherically vented appliances, and worst‐case
negative pressure measurement for each combustion appliance zone (CAZ). These tests convey to the home
performance professional how well or poorly a combustion appliance is functioning and whether action is
needed to correct any unsafe conditions.
The upper two units have electric wall heaters and lower forced air gas. The forced air furnace is old and
oversized. The duct work is in poor condition and is insulated with asbestos that is also in poor condition.
This is because much of the air infiltration in the lower unit is from leaky ductwork, particularly from the
return. All of the units need to have carbon monoxide detectors installed.
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First Floor Unit Summary
Square footage

1100 approximately

Ceiling avg.

9 feet

Bedrooms

2

Fireplaces

bricked in

Baths

1 bath

Bath fan

yes

Occupants

1

Home during day

1

Pets

no

Cook top

natural gas

Oven

natural gas

Range hood

yes

Size

36” recirculating

Draft
Furnace type

not vented to outside
natural gas-induced draft

Brand

Mars

Age
Model

at least 28 year old
A80

Size BTU

80,000

Efficiency

<80%

A/C

no

Filter

1” paper

Flue runs?

in large combined flue

Flue type

single wall

Ducts

in ceiling of garage, leaky

Registers

Thermostat

in floor
panned out return in
sidewall, leaky
non programmable

Water heater

gas, atmospheric

Brand

Rheem

Age

2006

Return

Model
Size

40 gallon

Btu

34,000

Efficiency Factor
Flue runs?
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Flue type

single wall

Utility data

yes

Health and Safety
The leaky ductwork allows air from the garage and crawlspace into the building. The asbestos duct
insulation is in poor condition and is open to touch in the garage. The units have an older electrical panel
(Zinzco). The garage wall has sheet metal over the asbestos; however, the hole in the sheet metal for
venting has loose asbestos around the edges.
Combustion Safety
There are flue gas spillages in the garage that may continue to enter unit via leaky ducts. The large flue is
shared by several appliances. The water heater flues need to be screwed in place.
Infiltration
This unit is nearly twice as leaky as the American Society of Heating, Refrigerating and Air‐Conditioning
Engineers (ASHRAE) standards. The blower door revealed a return air path for the furnace, therefore,
meaning the system is very leaky, allowing air from the garage and crawlspace into the living space. The unit
would benefit from air sealing measures.
Mechanicals
There is a natural gas forced‐air furnace present. It is an older Mars furnace that is oversized with leaky
ducts. A recommendation is to replace the furnace and duct system as they are well beyond life expectancy
and in poor condition. The atmospherically vented 40‐gallon water heater is located in the garage area
under units. The flue is shared and is not well installed and it needs to be screwed in place and sealed.
Insulation
There is no wall or floor insulation.
Utility bills
The average monthly utility bill for gas and electricity is $86.

First Floor Unit – Assessment Data
Test

Result

Notes

Blower
Door

2103
cfm 50

1100sqr ft., 9 foot
ceilings

Duct
Blaster
Leakage to
outside
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Pass
-2.7

CO

12ppm

H20 heater,
Spillage

Fail

Draft

-2.9 pa

CO

12 ppm

Cook top

23 ppm

Burner-1

Cook top

22 ppm

Burner-2

Cook top

12ppm

Burner-3

Cook top

12 ppm

Burner-3

Oven

36

800 ppm peak

located in garage,
shares flue with other
unit

First Floor Unit ‐ Energy Upgrade Paths
15% and Above Modeled Energy Savings
Estimated Energy Savings: 22.4%
• Air seal under floor areas in crawlspace
• Seal around old fireplace
• Replace indoor and outdoor light fixtures with modern high efficiency option
• New electric domestic hot water heater

Above: old furnace with asbestos covered ductwork
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50% and Above Modeled Energy Savings
Estimated Energy Savings: 75.8%
• Above items in the basic retrofit plus:
Insulate walls to R‐15
• Insulate entire under floor area to R19 (this would require removing material from the garage and
breezeway ceilings)
• Duct sealing and insulation
• Low E vinyl windows
• Solar hot water (60% new solar fraction)
• New high efficiency heat pump
• All electric appliances
Additional energy saving measures:
• Install solar electric system ‐ approx. 2kw system on roof
*It is doubtful that the roof foot print would allow total building energy demands to be obtained from
solar electric system.
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Second Floor Unit Summary
Square footage
1100 approx.
Ceiling avg.
9 feet
Bedrooms
2
Fireplaces
bricked in.
Baths
1
Bath fan
yes
Occupants
4
Home during day?
2
Pets
Cook top
gas
Oven
gas
Range hood
yes
Size
36”
Draft
minimal
none – two electric wall
Furnace type
heaters
Brand
Age
Model
Size BTU
Efficiency
A/C
Filter
Flue runs?
Flue type
Ducts
Registers
Return
Thermostat
Water heater
gas, atmospheric
Brand
Rheem
Age
1996
Model
21V40‐7N
Size
40 gallon
Btu
34,000
Efficiency
65%
combined with 2 other
Flue runs?
water heaters vertical
single wall to B vent,
Flue type
combined
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Utility data
yes
Health and Safety
There should be at least one carbon monoxide alarm per floor.
Combustion Safety
Passed combustion safety testing.
Infiltration
The unit is on middle floor with adjacent buildings. There are no ducts underneath because the attic space
above made this unit significantly tighter (less leaky) than the unit above or below. However, there is an
opening around the gas dryer vent in laundry area that should be sealed.
Mechanicals
The range hood is not very effective. The atmospherically vented 40‐gallon water heater is in the garage.
Insulation
There is none.
Utility bills
The monthly average utility bill for gas and electricity is $49.00.

Above: hole around dryer vent leaks air

Second floor unit – Assessment Data
Test
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1100 sq ft. , 9 foot
ceilings
electric heat

CO
located in garage,
shares flue with other
unit

H20 heater,
Spillage

Pass

Draft

- 4.0 pa

CO

2 ppm

Cook top

22 ppm

Burner-1

Cook top

22 ppm

Burner-2

Cook top

34 ppm

Burner-3

Cook top

56 ppm

Burner-3

Oven

50 ppm

Second Floor Unit ‐‐ Energy Upgrade Paths
15% and Above Modeled Energy Savings
Estimated Energy Savings = 26.6%
• Basic air sealing from interior of apartment Replace lighting with newer high efficiency models
• New electric hot water heater
• Demand style recirculation for hot water due to long run to garage for hot water
• Insulate exterior plumbing
• Low flow plumbing fixtures
50% and Above Modeled Energy Savings
Estimated Energy Savings = %
• Above items in the basic retrofit plus:
Wall insulation to R‐15
• Low E vinyl windows
• Duct sealing
• Duct insulation
• Solar hot water (60% net solar fraction)
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Change appliances to all electric – cook top and dryer

Additional energy saving measures:
• Install solar electric system ‐ approx. 2kw system on roof
*It is doubtful that the roof foot print would allow the total building energy demands to be obtained from
the solar electric system.
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Third Floor Unit Summary
Square footage
approx. 1100
Ceiling avg.
9 feet
Bedrooms
2
Fireplaces
2 Bricked off
Baths
2 full bath
Bath fan
yes
Occupants
2
Home during day? 2
Pets
?
Cook top
gas
Oven
gas
Range hood
yes
Size
36”
Draft
30 cfm
none – Electric wall
Furnace type
heater
Brand
no label
Age
pre 1978
Model
Size BTU
Efficiency
A/C
Filter
Flue runs?
Flue type
Ducts
Registers
Return
Thermostat
Water heater
gas, atmospheric
Brand
Rheem
Age
1991
Model
21V40‐7MN
Size
40 gallon
Btu
35,000
Efficiency
65%
Flue runs?
combined
single wall to B vent,
Flue type
combined
Utility data
yes
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Health and Safety
There is an existing knob and tube wiring that is in close proximity to the hatch. Unfortunately, the range
hood back drafts in the wind and could allow combustion gases to enter the home. The attic hatch is also
leaky and could allow cellulose insulation to enter the house. The attic has Romex wiring exiting the EMT
pipe that is secured with black tape (which is code of violation). A suggestion is to install a carbon monoxide
alarm.
Combustion Safety
The water heater shares the large flue with two others. The vent stack is not well secured into the flue pipe.
The water heater flue needs to be secured with screws and sealed. The older refurbished stove has five pilot
lights burning continuously.
Infiltration
The air enters the living space through leaks in the attic and the service porch. The large leaks are found
around the old fireplace mantels. The living room fireplace has a make‐up air inlet on the upper right hand
side, which leads the air directly into the attic and allows cold air and insulation into the living space. The
pocket door leaks air on three sides. The attic hatch needs to be sealed.
Mechanicals
The pre‐1978 wall heaters are located in the hallway and are not very effective. An atmospherically vented
40‐gallon water is in the garage. The unit would benefit from a demand style recirculation pump to reduce
the wait time for hot water. The water heater has some rust on top and is near its expected life span. The
bath exhausts fan motor runs, but was not removing air from bathroom (O cfm).
Insulation
The walls are un‐insulated. The attic has blown in cellulose performing at R‐19 and is not vented. The attic
storage area is approx. 6’x 8’ and is not insulated.
Utility bills
The monthly average cost for gas and electricity is $58.00.
Third floor unit – Assessment Data
Test

Result

Notes

Blower
Door

2500
cfm 50

1100 sq. ft., 9 foot
ceilings

Duct
Blaster
Leakage to
outside
Furnace,
Spillage
Draft

n/a
n/a

CO
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located in garage,
shares flue with
other unit

H20 heater,
Spillage

Pass

Draft

- 6.2

CO

1 ppm

Cook top

7ppm

Burner 1

Cook top

15 ppm

Burner 2

Cook top

8 ppm

Burner 3

Cook top

7 ppm

Burner 4

Multiple

Lft upper 50 broil 38
Rt upper 13 broil 8

Oven

Third Floor Unit – Energy Upgrade Paths
15% and Above Modeled Energy Savings
Estimated Energy Savings: 25.8%
• Air seal around old fireplaces
• Air seal pocket door
• Indoor and outdoor high efficiency lighting
• Insulate plumbing pipes on exterior of building
• New electric domestic hot water heater
• Install demand style hot water recirculation pump
50% and Above Modeled Energy Savings Estimated Energy Savings: 59%
• Above items in the basic retrofit plus:
Roof insulation to R‐49
• Wall insulation to R‐15
• Low E vinyl windows
• Solar hot water (60% new solar fraction)
• New high efficiency heat pump
• Bury ducts in cellulose for improved insulation
Additional energy saving measures:
• Install solar electric system ‐ approx. 2kw system on roof
*It is doubtful that the roof foot print would allow the total building energy demands to be obtained from
the solar electric system.
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Above: improper wiring, Romex in EMT pipe, taped in place
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Home Performance Assessment Report
Mission Dolores, San Francisco, CA

Property Information
Owner
Individual Owners
Address
removed
City
San Francisco
Phone
Email
District
Mission Dolores
Style
Edwardian
Age
1914
Date of test
3/21/2011

Number of floors
Number of units
Exterior construction
Framing
Roof
Attic space
Basement
Garage
Report Prepared by

3
4
Shiplap redwood siding
Balloon
Flat
24” nominal space
4 water heaters
Single car
Andy Simms

General notes
This building is an older construction with 3 stories and 4 individually owned units. It was built in 1914 with
balloon framing, exterior horizontal shiplap redwood siding, and interior lath and plaster. There was some
insulation added in walls and on the top floor ceiling during construction (i.e. owner improvements). There
are gas fired water heaters which are located for all units in the basement. The first floor owner insulated
the floor joist with R‐19 open faced batts. The street level unit has a single car parking garage with a washer
and gas dryer. Each unit has its own external entrance, but share a lobby and hallway.
Exterior
This is a typical San Francisco row house structure with 4” spaces between the buildings on either side. The
outside of the building is in good condition. Some of the units have old double hung windows that were
replaced with new vinyl double pane windows.
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Interior Characteristics
Throughout the walls and ceilings, there is lath and plaster. There are no mechanical chase ways between
the floors for duct work, keeping the air pathways between the units at a minimum, and therefore,
increasing energy efficiency of the building as a whole due to this design.

Energy paths
Possible projects to save energy are noted below. There are two categories for energy savings projects, a
group of actions that will achieve 15% savings and a second group that could achieve over 50% savings.
The recommendations in the 15% energy savings category were chosen because of its relatively less invasive
nature and low cost delivered savings. Basic air sealing as the main upgrade will eliminate the major air
leaks in the building envelope, which may result in better air quality and comfort due to an decrease in
draftiness.
The recommendations in the over 50% energy savings category are a bit more intrusive in nature and come
with a higher cost and longer pay back period. However, it lowers the building’s carbon footprint while
delivering a more comfortable, safe, and energy efficient existence.
Combustion Safety Testing
Combustion safety testing and inspection is required for all combustion appliances before and after changes
to the building envelope and/or heating systems that are part of the work scope package. This inspection
must include the following tests: carbon monoxide (CO) measurement at each appliance and in ambient air,
draft pressure measurement and spillage evaluation for atmospherically vented appliances, and worst‐case
negative pressure measurement for each combustion appliance zone (CAZ). These tests convey to the home
performance professional how well or poorly a combustion appliance is functioning and whether action is
needed to correct any unsafe conditions.
Units 34‐A, 34, and 40 have had gas stoves installed as part of a kitchen remodel. The stove hood that is
intended to vent the combustion byproducts generated by the stove out of the living area is re‐circulating
rather than venting to the outside, circulating combustion gases back to the room. When testing the Ovens
in unit 34‐A and 40 for CO, they produced up to 4000 parts per million (ppm) at start up and leveled off
around 200 ppm in ten minutes. EPA set an 8‐hour primary standard at 9 parts per million (ppm) and a 1‐
hour primary standard at 35 ppm. Some possible resolutions to these issues are to correct the stove hood
so that it vents to the outside or to change the gas stoves to electric stoves. More information on carbon
monoxide can be found at: http://www.epa.gov/iaq/co.html and
http://www.epa.gov/airquality/carbonmonoxide/
Units 34‐A, 34, and 40 have wall furnaces, while unit 36 has a sealed gas fireplace. If the building envelope
air leaks are sealed for energy efficiency, it would also be harder to properly vent these appliances.
Replacing the wall furnaces with mini‐split heat pumps or sealed combustion appliances would resolve the
venting issue by removing the gas combustion.
All four units’ water heaters are in the basement and are considered open combustion appliances. Due to
the fact that they are open combustion units, there is a significant loss of energy taking place while in
standby. Although the basement is well ventilated, combustion gases that occur during the start‐up of the
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heating process are not properly ventilating (this is called spillage). As a result, the exhaust flue and water
heaters are in need of repair as noted. The recommendation is to change out all water heaters to electric
water heaters or high efficiency sealed combustion units. For greater savings on energy, consider replacing
all four water heaters with one communal system.

First Floor Unit [#34‐A] Summary
Square footage

752 sq. ft. approx.

Ceiling avg.

8’ 5” feet

Bedrooms

2

Fireplaces

n/a

Baths

1 full bath

Bath fan

no

Occupants

2 and 1 child

Home during day

2 and1 child

Pets

cat, indoor

Cook top

gas

Oven

gas

Range hood

yes

Size

36”

Draft

non‐vented

Furnace type

natural gas, floor

Brand

old floor furnace

Age

old

Model
Size BTU

60,000

Efficiency

<70%

A/C

no
across basement then
vertical to roof

Flue runs?
Flue type

transite pipe, asbestos

Ducts

n/a

Registers

1-floor gravity

Return

n/a

Thermostat

n/a

Water heater

gas, atmospheric

Brand

AO smith

Age

2002

Model
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Size

40 gallon

Btu

40,000

Efficiency

65%
commonly vented with
2 other water heaters
to outside then up to
roof.
single wall to B vent,
combined
yes

Flue runs?

Flue type
Utility data

Health and Safety
The old floor furnace is a safety issue because of the open grate on the floor that is very hot, which can
cause burns on exposed skin such as bare feet. The kitchen was recently remodeled and a gas stove was
installed with a non‐vented hood. The oven at steady state was producing 200 ppm and when first turned
on and peaked out at 4000 ppm of carbon monoxide. Refer to carbon monoxide notes above.
Combustion Safety
The water heater in the basement has a draft of ‐2.9 Pascal’s and had passed the draft test, but failed the
spillage test, and had only 2 ppm of carbon monoxide. Floor furnace had a minimal draft of ‐1.2 Pascal’s
which barely passed. The furnace is old and outdated (has pilot light with limited safety devices).
Infiltration
Blower door indicates high infiltration from the outside of the building; through the walls (plumbing and
electrical penetrations) and old wood single pane double hung windows.
Mechanicals
The natural gas floor furnace is located in hallway. The water heater is located in the basement area under
the units. The atmospheric vented 40‐gallon water heater has an insulation blanket that shows signs of
corrosion on plumbing and on top of the tank.
Insulation
The owner installed R‐19 non‐backed fiberglass batts in floor joist. There was also limited R‐13 insulation
added in walls during the kitchen remodel.
Utility bills
12 months combined:
Gas:
$851.43 408 Therms
Electric: $428.13 3542 kWh
Renewable Energy
The owner installed a 1KW solar PV system on the roof of the building.
First Floor Unit [#34‐A] – Assessment Data
Test
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Blaster
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outside
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Spillage
Draft
CO
H20 heater,
Spillage
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Over two times the
required Building
Airflow Standard
floor furnace

Pass
-1.2
Pascal’s
2 ppm
Pass

Large diverter box
pass
pass
Located in Basement
flue with other unit

Draft

-2.9 Pascal’s

CO

1 ppm

Cook top 1

15 ppm

pass

Cook top 2

11 ppm

pass

Cook top 3

15 ppm

pass

Cook top 4

10 ppm

pass

Oven

205
ppm

pass

The stove top gas burners passed the combustion safety test. The limit for carbon monoxide on the burners
is 25 parts per million (ppm), while the oven limit is 300 ppm.

First Floor Unit [#34‐A] – Energy Upgrade Paths
Safety items
The floor furnace is old and had barely passed the tests. The kitchen hood also does not vent to the outside.
15% and Above Modeled Energy Savings
Estimated Energy Savings: 33.6 %
• Basic air sealing of wall, floor, and plumbing penetrations from interior of apartment, and then
adding floor insulation
50% and Above Modeled Energy Savings
Estimated Energy Savings: 67 %
• Above items in the basic retrofit plus:
Insulate walls to R‐15
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New electric 50 gallon domestic hot water heater Low E Vinyl Windows
Solar domestic hot water supplement
New high efficiency heat pump

Additional energy saving options:
• Change appliances to all electric (stove & dryer)
• Substitute mini‐split heat pump in place of gas furnace.

Above: unconventional venting arrangement of floor furnace in the basement venting to outside unit 34‐A
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Second Floor Unit [#34]
Square footage
584 approximately
Ceiling avg.
9’ 3” feet
Bedrooms
1
Fireplaces
n/a
Baths
1 Full bath
Bath fan
no
Occupants
1
Home during day?
no
Pets
n/a
Cook top
gas
Oven
gas
Range hood
yes, non‐ vented
Size
36”
Draft
n/a
Furnace type
natural gas, wall
Brand
old
Age
old
Model
has pilot light
Size BTU
45,000
Efficiency
<65%
A/C
no
Filter
n/a
Flue runs?
vertical to roof
Flue type
transite pipe, asbestos
Ducts
n/a
Registers
n/a
Return
n/a
Thermostat
n/a
Water heater
gas, atmospheric
Brand
AO smith
Age
2000
Model
40,00
Size
40 gallon
Btu
40,000
Efficiency
65%
out to side well then
Flue runs?
vertical
single wall to B vent,
Flue type
combined
Utility data
yes
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Health and Safety
The kitchen stove/oven is natural gas, but the stove top hood does not vent to the outside, leaving
combustion gases in the home.
Combustion Safety
The stove and wall furnace passed combustion appliance safety testing.
Infiltration
The blower door indicates high infiltration from the outside of the building; through the walls (plumbing and
electrical penetrations) and old wood single pane double hung windows.
Mechanicals
The wall furnace is located in hallway. The kitchen stove top hood is not effective because it is a non‐vented
model.
Insulation
There was limited R‐13 insulation added in walls during kitchen remodel.
Utility bills
12 months combined:
Gas:
$108.39 – 107 Therms
Electric: $74.45 – 634.5 kWh

Above: very old wall furnace!

Second Floor Unit [#34] – Assessment Data
Test
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1560
cfm 50

Three times the
required Building
Airflow Standard

N/A

wall furnace

N/A
Pass
-2.5

pass

CO

24 ppm

H20 heater,
Spillage

Pass

Draft

-2.9

pass
located in garage,
shares flue with
other unit
pass

CO

2 ppm

pass

Cook top 1

15 ppm

pass

Cook top 2

11 ppm

pass

Cook top 3

15 ppm

pass

Cook top 4

10 ppm

pass

Oven

200
ppm

pass

The stove top gas burners passed the combustion safety test. The limit for carbon monoxide on the burners
is 25 parts per million (ppm), while the oven limit is 300 ppm.

Second Floor Unit [#34] – Energy Upgrade Paths
Safety items
The kitchen hood does not vent out the gas combustion byproducts to the outside of the living area. The
oven passed combustion safety test.
15% and Above Modeled Energy Savings
Estimated Energy Savings: 26.3%
• Basic air‐sealing of the building envelope including walls, floors, and plumbing penetrations.
50% and Above Modeled Energy Savings
Estimated Energy Savings: 61.2%
• Above items in the basic retrofit plus:
Insulation in walls to R‐15
• New electric domestic hot water heater
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Low E Vinyl Windows
Solar hot water supplement
New high efficiency heat pump

Additional energy saving options:
• Change appliances to all electric (stove & dryer).
• Substitute a mini‐split heat pump in place of gas furnace.
• Install a solar electric system* (approximately 2kw system on roof).
*It is doubtful that the roof footprint would allow total building energy demands to be obtained from
solar electric system.
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Second Floor Unit [#40]
Square footage
584 approximately
Ceiling avg.
9’ 3” feet
Bedrooms
1
Fireplaces
N/A
Baths
1 full bath
Bath fan
no
Occupants
2
Home during day?
no
Pets
n/a
Cook top
gas
Oven
gas
Range hood
yes, non‐ vented
Size
36”
Draft
N/A
Furnace type
natural gas, wall
Brand
old
Age
old
Model
Size BTU
45,000
Efficiency
<65%
A/C
no
Filter
N/A
Flue runs?
vertical to roof
Flue type
transite pipe, asbestos
Ducts
N/A
Registers
N/A
Return
N/A
Thermostat
N/A
Water heater
gas, atmospheric
Brand
AO smith
Age
2000
Model
40,00
Size
40 gallon
Btu
40,000
Efficiency
65%
out to side well then
Flue runs?
vertical
single wall to B vent,
Flue type
combined
Utility data
yes
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Health and Safety
The kitchen stove/oven is natural gas, but the kitchen hood does not vent to the outside, resulting gas
combustions in the home.
Combustion Safety
The stove and furnace passed the combustion appliance safety testing.
Infiltration
The blower door indicates high infiltration from the outside of the building; through the walls (plumbing and
electrical penetrations) and old wood single pane double hung windows.
Mechanicals
The wall furnace is located in the hallway. The kitchen range hood is not effective because it is a non‐vented
model.
Insulation
There was limited R‐13 insulation added in walls during kitchen remodel.
Utility bills
12 months combined:
Gas:
$301.07 ‐ 323 Therms
Electric: $564.32 – 4583 kWh
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Second Floor Unit [#40] – Assessment Data
Test

Result

Notes

Blower
Door

1670
cfm 50

Three times the
required Building
Airflow Standard

N/A

wall furnace

N/A

N/A

Pass

Pass

-2.5

pass

CO

5 ppm

H20 heater,
Spillage

Pass

Draft

-2.9

pass
located in garage,
shares flue with
other unit
pass

CO

2 ppm

pass

Cook top 1

15 ppm

pass

Cook top 2

11 ppm

pass

Cook top 3

15 ppm

pass

Cook top 4

10 ppm

pass

Oven

200
ppm

pass

Duct
Blaster
% to
outside
Furnace,
Spillage
Draft

The stove top gas burners passed the combustion safety test. The limit for carbon monoxide on the burners
is 25 parts per million (ppm), while the oven limit is 300 ppm.
Second Floor Unit [#40] – Energy Upgrade Paths
Safety Items
The kitchen stove/oven is natural gas, but the kitchen hood does not vent to the outside, resulting gas
combustions in the home.
15% and Above Modeled Energy Savings
Estimated Energy Savings: 22.3%
• Basic air‐sealing of the building envelope including walls, floors, and plumbing penetrations
50% and Above Modeled Energy Savings
Estimated Energy Savings: 60.5%
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Above items in the basic retrofit plus:
Increase wall insulation to R‐15
New electric domestic hot water heater
Low E Vinyl Windows
Solar hot water supplement
New high efficiency heat pump

Additional energy saving options:
• Change appliances to all electric (stove & dryer).
• Substitute a mini‐split heat pump in place of gas furnace.
• Install a solar electric system* (approximately 2kw system on roof).
*It is doubtful that the roof footprint would allow total building energy demands to be obtained from solar
electric system.

Above: hot water heaters for all four units in basement
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Third Floor Unit [#36]
Square footage
1447 approx.
Ceiling avg.
8’ 5” feet
Bedrooms
2
Fireplaces
n/a
Baths
2 full baths
Bath fan
no
Occupants
1
Home during day? 1
Pets
n/a
Cook top
gas
Oven
gas/electric
Range hood
yes vented
Size
36”
Draft
40 cfm
Furnace type
sealed fireplace
Brand
unknown
Age
new
Model
Size BTU
unknown
Efficiency
unknown
A/C
no
Filter
n/a
Flue runs?
vertical to roof
Flue type
B‐vent
Ducts
n/a
Registers
n/a
Return
n/a
Thermostat
n/a
Water heater
gas, atmospheric
Brand
AO smith
Age
2002
Model
Size
40 gallon
Btu
40,000
Efficiency
65%
out to side well then
Flue runs?
vertical
single wall to B vent,
Flue type
combined
Utility data
yes
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Health and Safety
A recommendation is to replace the fireplace with a mini‐split heat pump.
Combustion Safety
The wall furnace is old and is not working properly, which could be dangerous. A suggestion would be to
install a heat pump.
Infiltration
The air enters into the conditioned space through multiple can lights and leaks in the plumbing and
electrical penetrations. The holes need to be sealed, while the doors and windows should have weather
stripping to prevent air from entering from the outside.
Mechanicals
The owner is not using the wall furnace, but uses a sealed gas fireplace. A suggestion is to install a mini‐split
heat pump.
Stove
The range hood that is over the gas/electric oven is a hybrid.
Insulation
There is R‐19 in ceiling and R‐13 in the walls.
Utility bills
The average monthly cost for gas and electricity utilities is $60.00.
12 months combined:
Gas:
$423.30 ‐ 408 Therms
Electric: $399.93 – 3542 kWh
Heating
There is a sealed combustion heating stove in the living room. A duct system runs in the ceiling from the
living room to the master bedroom with a fan to deliver heat to the bedroom.
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Third Floor Unit [#36] – Assessment Data
Test

Result

Notes

Blower
Door

4070 cfm
50

. Three times
the required
BAS

N/A

wall furnace
not used

N/A

N/A

Duct
Blaster
% to
outside
Furnace,
Spillage
Draft

Sealed
combustion
N/A

CO

N/A

H20
heater,
Spillage

Pass

Draft

-2.1

N/A
located in
garage, shares
flue with other
unit
pass

CO

34 ppm

pass

Cook top 1

8 ppm

pass

Cook top 2

10 ppm

pass

Cook top 3

15 ppm

pass

Cook top 4

10 ppm

pass

Oven

180 ppm

pass

N/A
N/A

The stove top gas burners passed the combustion safety test. The limit for carbon monoxide on the burners
is 25 parts per million (ppm), while the oven limit is 300 ppm.

Third Floor Unit [#36] – Energy Upgrade Paths
Safety items:
The owner did not use the wall furnace at the time of inspection. The owner installed a sealed combustion
free standing fireplace that is used for heat. If the owner wants to use the wall furnace in the future, he
should have it inspected first.
15% and Above Modeled Energy Savings
Estimated Energy Savings: 16.2%
• Attic insulation to R‐38
• Basic air‐sealing of building envelope
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50% and Above Modeled Energy Savings Estimated Energy Savings: 59.1%
• Above items in the basic retrofit plus:
Wall insulation to R‐15
• New electric domestic hot water heater
• Low E vinyl windows
• Solar hot water supplement
• New high efficiency heat pump
Additional energy saving measures:
• Change appliances to all electric (stove & dryer). Substitute a mini‐split heat pump in place of gas
furnace.
• Install a solar electric system* (approximately 2kw system on roof).
*It is doubtful that the roof foot print would allow total building energy demands to be obtained from solar
electric system.

Above: unsealed plumbing penetrations in attic extending down
through each level of building
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Home Performance Assessment Report
Western Addition, San Francisco

Property Information
Owner
Address
City
Phone
Email
District
Style
Age
Date of test

removed
removed
San Francisco

Western Addition
Modern
1989
3/22/2011

Number of floors
Number of units
Exterior construction
Framing
Roof no attic access

3
3
Ply‐wood Siding
Platform
Flat

Basement
Garage

Garage
Full garage
Andy Simms
Charlie Cormany

Report Prepared by

General notes
Building was recently constructed (1989) using the platform framing technique, which is the most common
method of construction for small apartment buildings. It is a three story high and each story is its own
apartment. The building has a single front entry and an enclosed interior stairway and elevator that service
all three units. There is a ground floor parking garage where three natural gas water heaters are located,
one for each apartment. Water heaters need proper earthquake straps, currently they are secured with
plumbers tape. There is a small gas leak in a pipe above the water heaters. The kitchens within each
apartment have signs of updates i.e. newer appliances.
Exterior
Overall the building is in fair condition. There is some evidence of previous repairs to the exterior. Some
incorrect flashing details have allowed for water intrusion and as a result have created problems such as dry
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rot. Improper details will cause the building to have ongoing issue with moisture and may continue to
create a structural problem if left unsolved. Owner is currently working with a contractor to remedy these
issues.

Interior Characteristics
Inside building surfaces are constructed of sheet rock walls and ceilings. There are mechanical chase ways
between floors for the forced air furnace and duct runs that delivers heat throughout the apartments. The
mechanical and pluming chase ways create air pathways between the units which decreases the efficiency
of the building as a whole.
Energy path
The recommended work scope in the 15% and above energy savings category was chosen because of its
relatively less invasive nature and lower cost at delivered savings. Basic air sealing as the main upgrade will
eliminate the major air leaks in the building envelope which may result in better air quality and, in addition,
may find increased comfort due to less draftiness.
The recommended work scope in the 50% and above energy savings category is a bit more intrusive in
nature and comes with a higher cost and longer pay back period. But, it lowers the carbon footprint of the
building while delivering a more comfortable, safe, and energy efficient existence.
Combustion safety
Combustion safety testing and inspection is required for all combustion appliances before and after changes
to the building envelope and/or heating systems that are part of the work scope package. This inspection
includes all of the following tests: carbon monoxide (CO) measurement at each appliance and in ambient
air, draft pressure measurement and spillage evaluation for atmospherically vented appliances, and worst‐
case negative pressure measurement for each combustion appliance zone (CAZ). These tests convey to the
home performance professional how well or poorly a combustion appliance is functioning and whether or
not action is needed to correct any unsafe conditions.
The forced air furnaces in all units are 80% induced draft and can handle a more negative pressure
environment and are considered open combustion systems. Each unit has two fireplaces and because of
this configuration, it is possible that the fireplaces could back draft if the building is air sealed for energy
efficiency. It is important that the building be checked for room‐to‐room air balancing if any air sealing is
performed.
Note on Unit 1 (2524 Western Addition)
Existing Conditions at the first inspection of the property the owner had a new 80% furnace installed by a
heating and air conditioning contractor. The technician altered the safety device after the tenants called
and complained about the unit cycling on and off. The contractor bypassed the safety device ignoring the
problem that the venting of the combustion gasses was inadequate. The furnace was creating high levels of
CO (400 ppm) that was spilling out of the combustion chamber and being pulled into the return air supply
and then delivered into the living space. PG&E was called and the furnace was disabled. Since then the
contractor has returned and completed the repairs and the furnace was retested and passed. The draft and
the safety device have been repaired but the measurement on the CO in the flue was rather high (165 ppm).
Although this is not a safety problem it shows that the furnace is not at its most efficient state. The owner
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of the building was advised to call his contractor and have him come back once again and commission the
furnace.
First Floor Unit [2521]
Square footage

1600 approximately

Ceiling avg.

9 feet

Bedrooms

3

Fireplaces

2 - gas with glass doors

Baths

2 bath

Bath fan

yes

Occupants

3

Home during day

1

Pets

cat, indoor

Cook top

natural gas

Oven

electric

Range hood

yes

Size

36”

Draft
Furnace type

vented to outside
natural gas-induced draft

Brand

Rudd

Age

2010

Model
Size BTU

45,000

Efficiency

<80%

A/C

no

Filter

1” paper

Flue runs?

up 2 floors to roof

Flue type

B-vent

Ducts

in ceiling between floors

Registers

in ceiling

Return

under unit in hallway

Thermostat

digital, no program set

Water heater

gas, atmospheric

Brand

State

Age

2006

Model
Size

50 gallon

Btu

40,000

Efficiency

seer

Flue runs?

up 2 floors to roof
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Flue type

B-vent

Utility data

yes

Health and Safety
Unit showed elevated moisture problems manly in bathrooms due to bath fans that do not move enough air
through the space.
Combustion Safety
Passed all combustion safety tests.
Infiltration
Blower door indicates infiltration of air from outside of building. Duct tests indicate high percentage of duct
leakage to outside of building. Furnace ductwork runs between floors and leaks outside of the conditioned
space. Suspect leaky ductwork is contributing to overall air infiltration since the unit is nearly twice as leaky
as ASHRAE standards. It will be difficult to air seal the building without removing drywall for access to
ductwork and other problem areas.
Bath fans and range hood did not appear to have functioning back draft dampers and are allowing air to
enter building.
Mechanicals
Unit contains a natural gas forced‐air furnace. The furnace is located in a hallway closet and the return air
vent is directly below the furnace in a sidewall. The return is not lined and communicates to unconditioned
space. Poor installation is causing furnace to produce elevated levels of CO. Furnace filter is installed under
the unit and requires removing the return for access. Water heater is an atmospherically vented 50‐gallon
tank with a thermo‐siphon recirculation loop with no pump located in garage area under units. The water
heater has insulation blanket and showing signs of corrosion on the pipes on top of the tank.
Insulation
Assessor could not access areas to examine the insulation levels and quality. Post 1978 construction should
have insulation in walls and above ceiling, but there was no way to verify.
Utility bills
Average monthly utility bill $85 for gas and electricity. 12 months combined.
First Floor Unit – Assessment Data
Test

Result

Notes

Blower
Door

2800
cfm 50

1600sqr ft. , 9 foot
ceilings, fireplace glass
doors

Duct
Blaster
Leakage to
outside
Furnace,
Spillage

412
cfm-25
337
cfm-25
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4” vent
owner was notified
located in garage,
shares flue with other
unit

H20 heater,
Spillage

Pass

Draft

-7.5 pa

CO

0

Cook top

30 ppm

Burner-1

Cook top

30 ppm

Burner-2

Cook top

10 ppm

Burner-3

Cook top

10 ppm

Burner-3

Oven

electric

First Floor Unit ‐ Energy Upgrade Paths
15% and Above Modeled Energy Savings
Estimated Energy Savings: 17.8%
Seal return and other leaks in furnace closet
Basic air sealing from interior of unit
Duct sealing at furnace
Duct insulation
Demand style recirculation for hot water – replace thermosiphon

Above: unsealed air pathways around furnace flue

50% and Above Modeled Energy Savings
Estimated Energy Savings: 73%
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Above items in the basic retrofit plus:
Insulate floor to R‐19
Insulate walls to R‐15
Open ceiling to access and replace ducts
New high efficiency heat pump in place of gas furnace
New electric domestic hot water heater
Low E vinyl windows
Solar hot water system (60% new solar fraction)
Change appliances to all electric – cook top and dryer

3,500.00
Second Floor Unit [2523]
Square footage
1600 approx.
Ceiling avg.
9 feet
Bedrooms
3
Fireplaces
2, gas with glass doors
Baths
2 full bath
Bath fan
yes
Occupants
2
Home during day?
1
Pets
cat, indoor
Cook top
gas
Oven
gas
Range hood
yes
Size
36”
Draft
Furnace type
natural gas
Brand
Rudd
Age
13 years
Model
forced air
Size BTU
45,000
Efficiency
<80%
A/C
no
Filter
1” paper
Flue runs?
vertical to roof
Flue type
B‐Vent
Ducts
ceiling
Registers
ceiling
Return
under furnace into hall
Thermostat
digital, no program set
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gas, atmospheric
AO smith
22 years
40 gallon
40,000
65%
combined with 2 other
water heaters vertical
single wall to B vent,
combined
yes

Flue runs?
Flue type

Utility data
Health and Safety
There is some storage of combustibles in furnace closet. There should be at least one CO alarm per floor.
Combustion Safety
Passed all combustion safety tests
Infiltration
Blower door indicates infiltration from outside of building. Furnace ductwork runs between floors and leaks
to the outside of the conditioned space. Duct tests indicate high percentage of duct leakage to the outside
of the building. Suspect leaky ductwork is contributing to overall air infiltration. Bath fans and range hood
did not appear to have functioning back draft dampers and are allowing air to enter building. Bath fans
would benefit from timers. This unit is nearly twice as leaky as ASHRAE standards. It is a difficult building to
air seal without removing drywall for access to ductwork and other problem areas. A leaky return plenum
under the forced air furnace is causing air to leak into conditioned space. Combustion appliance closet
needs weather stripping to seal out air from outside the conditioned space.
Mechanicals
A room‐to‐room air flow calculation determined that the master bedroom has low air flow. The furnace is
located in hallway behind door and return vent is in a sidewall under unit. Return is not lined and
communicates to outside of the conditioned space. Furnace is nearing its end of life expectancy. Range
hood is not very effective at removing combustion gases. Atmospherically vented 40‐gallon water heater is
in garage with thermo‐siphon recirculation loop with no pump.
Insulation
Assessor could not access areas to examine the insulation levels and quality. Post 1978 construction should
have insulation in walls and above ceiling, but there was no way to verify.
Utility bills
Average utility bill $67 per month for gas and electricity. 12 months combined.
Gas: 259 Therms
Electric: 4665 kWh
Second floor unit – Assessment Data
Test
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1800 sq ft. , 9 foot
ceilings, 2 fireplaces
glass doors

Blower
Door

2500
cfm 50

Duct
Blaster
Leakage to
outside
Furnace,
Spillage
Draft

385
cfm 25
290
cfm 25

CO

4 ppm

H20 heater,
Spillage

Pass

Draft

-7.5

CO

0

Cook top

8 ppm

Burner-1

Cook top

5 ppm

Burner-2

Cook top

7 ppm

Burner-3

Cook top

25 ppm

Burner-3

Oven

un-ducted return air

Pass
-5.0
located in garage,
shares flue with other
unit

electric

Second Floor Unit ‐‐ Energy Upgrade Paths
15% and Above Modeled Energy Savings
Estimated Energy Savings = 22.6%
Fix flue on furnace
Seal return and other leaks in furnace closet
Basic air sealing from interior of unit
Duct sealing
Duct insulation
Demand style recirculation for hot water – replace thermo‐siphon
New electric domestic hot water heater
50% and Above Modeled Energy Savings
Estimated Energy Savings = 54.9%
Above items in the basic retrofit plus:
Insulate walls to R‐15
Open ceiling to access and replace ducts
Change appliances to all electric – cook top and dryer
Low E vinyl windows
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New high efficiency heat pump in place of gas furnace
Solar hot water system (60% new solar fraction)

Above: moisture issues next to aluminum frame windows
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Third Floor Unit [2525]
Square footage
1800 approx.
Ceiling avg.
9 feet
Bedrooms
3
Fireplaces
2 gas fireplaces
Baths
2 full bath
Bath fan
yes
Occupants
2
Home during day? 2
Pets
n/a
Cook top
gas
Oven
gas
Range hood
yes
Size 36”
Draft 45 cfm
Furnace type
forced air
Brand Rudd
Age 22 years
Model
Size BTU 45,000
Efficiency <80%
A/C
no
Filter
1” paper
Flue runs?
vertical to roof
Flue type
B‐Vent
Ducts
ceiling
Registers
ceiling
Return
under furnace into hall
Thermostat
digital, no program set
Water heater
gas, atmospheric
Brand AO smith
Age 12 years
Model
Size 40 gallon
Btu 40,000
Efficiency 65%
Flue runs?
combined
single wall to B vent,
Flue type
combined
Utility data
yes
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Health and Safety
Light on the range hood over stove are covered with combustible paper towel. Paper towels mounted over
cooking area (on side of fridge) are fire hazards. Suggest installing a CO alarm.
Combustion Safety
Furnace is not working properly and could be hazardous. Furnace heats up and then shuts off, this
condition usually means low air flow over the heat exchanger. This high temperature cycling can lead to a
cracked heat exchanger. This could allow combustion by products into the living space. Furnace needs to be
replaced. Suggest installing sealed combustion furnace and sealing up penetrations to outside in furnace
closet.
Infiltration
Air enters conditioned space through leaks in furnace closet. Multiple penetrations are visible in ceiling of
furnace closet allowing air from attic to infiltrate conditioned space. Holes need to be sealed and door
should have weather stripping to prevent air from entering from outside. Return plenum of the furnace
provides direct leakage to conditioned space from the outside. Suggest lining and sealing the plenum.
Mechanicals
Flex ducts from furnace run through a small attic with no access points for people. Holes in ceiling near
ducts are allowing cold air inside building envelope. Range hood is not very effective. Atmospheric vented
40‐gallon water heater with thermo‐siphon recirculation loop and no pump.
Insulation
Some signs of insulation in attic viewable through holes in ceiling of furnace closet. No access to attic. Post
1978 construction should have insulation in walls and above ceiling, but there was no way to verify.
Utility bills
Average monthly cost for gas and electricity $60.00.
12 months combined
Gas: 353 Therms
Electric: 3247kWh
Third floor unit – Assessment Data
Test

Result

Notes

Blower
Door

2500
cfm 50

1800 sq. ft., 9 foot
ceilings, 2 fireplaces
glass doors

Duct
Blaster
Leakage to
outside
Furnace,
Spillage
Draft

227
cfm-25
172
cfm-25

CO

25 ppm
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located in garage,
shares flue with
other unit

H20 heater,
Spillage

Pass

Draft

-14

CO

1 ppm

Cook top

62 ppm

Burner 1

Cook top

12 ppm

Burner 2

Cook top

8 ppm

Burner 3

Cook top

45 ppm

Burner 4

Oven

electric

Third Floor Unit – Energy Upgrade Paths
15% and Above Modeled Energy Savings
Estimated Energy Savings: 15.7%
Fix flue on furnace
Seal return and other leaks in furnace closet
Basic air sealing from interior of unit
Duct sealing at furnace
Duct insulation
Demand style recirculation for hot water – replace thermo‐siphon
50% and Above Modeled Energy Savings Estimated Energy Savings: 59.1%
Above items in the basic retrofit plus:
Attic insulation to R‐49
Wall insulation to R‐15
Open ceiling to access and replace ducts
Change appliances to all electric – cook top and dryer
Low E vinyl windows
New electric domestic hot water heater
New high efficiency heat pump in place of gas furnace
Solar hot water system (60% new solar fraction)
Additional efficiency measure: Install solar electric system ‐ approx. 2kw system on roof.
*It is doubtful roof foot print would allow total building energy needs to be obtained from solar electric
system.
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Above: moisture issues on ceiling in bathroom
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Statement of Uses for Living Cities Grant Funds

The original statement of uses for the Living Cities grant funds follows. Scope and milestones
changed somewhat during the extension, and as a result of challenges.

Living Cities Grants Funds
San Francisco will use Living Cities funds specifically to provide Home Performance
cross training for contractors specializing in other areas, such as remodeling contractors.
Mechanisms will be coordinated to ensure these contractors hire workforce development
participants in order to access the cross training and participate in other aspects of SF
ZNEH.
In addition funds will be used to identify 8‐10 housing types common to San
Francisco and do home performance testing on 3‐5 homes of each type from
neighborhoods around the City. The Home Performance test will make recommendations
for achieving near zero energy use. These recommendations will be incorporated on an
interactive website that will be promoted throughout the City for use by residents to assess
their energy options.
Finally, funding will be used to support implementation efforts recommended by
the home performance testing in approximately 5 of the homes that initially received the
Home Performance Testing. The sites will provide on‐the‐job training sites for participants
in City Build and the Green Academy who will perform weatherization, energy retrofits and
other services. In addition, they will be living case studies for ZEH.
Time Table and Mile Stones
Task
Identify Target Buildings
SF Environment will identify the 10‐15 most common
building types in the City, then identify one to three
specific buildings from each category to evaluate.
Conduct Home Performance Tests & Analyze Results
SF Environment will consult with an Advisory
Committee comprised of experts in building
performance, energy efficiency, renewable energy,
water conservation and other relevant fields to design
a HPT methodology most appropriate for SF’s most
common building types. A team of HPT experts will
conduct HPTs in 30‐50 buildings, and analyze results.
In consultation with the Advisory Committee, the HPT
experts will identify building envelop strengthening,
energy efficiency, renewable energy, water
conservation and other options for each building type
to implement to get themselves to zero net energy,
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along with associated energy, carbon and water
savings and costs. The end product will be "solution
pathways" for each building type.
Identify 5 buildings as on‐the‐job training sites for
Workforce development participants to implement
energy efficiency solution pathways
Develop Interactive Web‐based Tool
Once pathways have been identified, SF Environment
will create a tool that will allow building owners to
map out a plan to bring their building to zero energy,
estimate costs, identify contractors, provide next
steps, and plan and track progress. The tool will allow
building owners to: Select their building type. Choose
among multiple SF ZNEH pathways for their building
type, based on desired efficiencies achieved, carbon
mitigated, budget constraints, etc. Estimate costs
Identify contractors and financing options, including
the City’s Clean Energy Loan Program (CELP); link
directly to CELP application form Track progress and
compare their home to similar homes Engage in
friendly competition with Connect to owners of similar
buildings interested in an on‐line discussion Allow
them to post their project on the SF ZNEH map.
Create "Green Geek Squad" To help SFZEV participants
know where to turn to implement the options
identified for their building through the SFZEV tool
Create contractor pool
SF Environment will work with MOEWD to assemble a
pool of local weatherization, electrical, plumbing,
construction, solar, and other contractors to conduct
HPTs and provide integrated ‘green’ services. Local
hires will be trained to perform quality control
evaluations, monitor and track savings, and report
results. These cross trained contractors will hire
graduates from the MOEWD workforce programs.
Marketing & Outreach
SF Environment will market the SFZEV Program
citywide to create widespread awareness about the
Program, the benefits and practicality of achieving
zero net energy, the SFZEV tool, and the Green Geek
Squad. Outreach efforts being considered include
press events, ads, targeted community outreach and a
citywide SFZEV competition.
Policy & Incentives Design
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SF Environment will work with the Mayor’s Office,
Board of Supervisors and other departments to
develop local policies to incentivize and/or mandate
zero energy strategies. SF Environment will also design
new—or modify existing—incentive programs for
installing high impact equipment for energy efficiency,
renewable energy, water efficiency, stormwater re‐
use, recycling and composting and other zero energy
approaches.
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Introduction

To meet the project goals, data on San Francisco Home Performance was needed. To obtain these
data, the project team pursued three different research methods, including:
•

Home testing

•

Energy modeling, and

•

Personal interaction via meetings, interviews and a focus group

This section discusses these methods in detail.

E2

Testing

E2.1

Single‐Family Homes

The single family home data presented in this report was collected in association with the Energy
Upgrade California whole‐house pilot program in PG&E territory. Data about homes and installed
upgrade measures was provided by participating contractors submitting their retrofit job to the
program for rebate payment. This data was collected using a tool called the Jobs Reporting
Template (JRT), a Microsoft Excel spreadsheet designed to capture information about the pre‐
upgrade, proposed post‐upgrade, and final post‐upgrade conditions of the home being retrofitted.
Home features described in the JRT include air infiltration measurements, attic insulation levels and
conditions, HVAC systems and efficiencies, home square footage and window area, and additional
measures and observations essential for accurate home energy performance assessment. The JRT
also required that contractors provide information about the homeowner and home occupant,
proposed and final job scopes and job cost, and combustion appliance safety (CAS) testing results.
In addition to submitting a JRT, contractors participating in the Energy Upgrade California program
in PG&E territory also build an energy simulation model for each home using either EnergyPro (a
modeling software developed by EnergySoft, LLC) or Recurve (an online modeling tool developed
by Recurve, Inc.). Both energy simulation models have been approved by the California Energy
Commission for use in the PG&E whole house pilot program.
The data reported to the program in these energy models is reviewed against the data provided in
the JRT; inconsistencies are addressed by the contractors during the “desktop” quality assurance
process. Once these discrepancies are corrected and the model is finalized, the modeled pre‐
upgrade energy use is compared to the modeled post‐upgrade energy use to calculate a final
modeled energy savings percentage. The rebate value paid to the customer by PG&E is based on
this final modeled energy savings.

E2.2

Small Multifamily‐Homes

These tests were performed for the San Francisco Net Zero Energy Homes grant and done as
applicable to the conditions found on site following all BPI combustion safety protocols and the
whole‐house approach as stated by the EPA’s Home Performance with ENERGY STAR® program.
Conditions precluding a test could include but not be limited to: absence of a device, unsafe
conditions for test, damaged equipment present, and construction.
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The “Whole House”
Inspection

GOAL:
Energy Model,
Reduction %, & Safety

3-6 hours in home.
2-4 hours report.
San Francisco

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Pre-Arrival Tasks
Occupant Interview
Home Site Inspection
Combustion Appliance Safety Testing
Enclosure Tightness & Blower Door Testing
Ventilation, Moisture & IAQ
Insulation Performance
Space Heating Equipment
Air Flow and Ducts
Appliances and Water Heating
Lighting

Home Energy Improvement

10

Figure 26 – The “whole house” inspection from contractor training session

Testing tasks were as follows:
Gas Leaks:
•

All accessible gas lines were tested for leaks with a gas sniffer; if a leak was detected it was
confirmed with a leak detection solution.

•

Soft flex connections at appliances were checked for a date of 1973 or later to determine if they
needed to be replaced.

Establishing worst‐case depressurization:
When Combustion Appliance Zones (CAZ) depressurization limits are exceeded under worst‐
case conditions according to the CAZ Depressurization Limits table, make‐up air must be
provided or other modifications to the building shell or exhaust appliances must be included in
the work scope to bring the worst case back within BPI limits. Worst Case Depressurization
(WCD) conditions must be established in order to test performance.
In the setup for Worst Case Depressurization (WCD), exterior doors remain closed and interior
doors are positioned to create the worst possible depressurization in the CAZ i.e. worst case
scenario. Exterior doors are those in the envelope of the house, which BPI defines as where
thermal/pressure boundaries are in a building’s conditioned shell. Steps included:
•

Turned on the dryer, all exhaust fans, and closed interior doors that make the CAZ pressure
more negative. Measured and recorded the pressure from the CAZ to outside.

•

Turned on the air handler, checked to see if the CAZ became more negative. Door positions
were rechecked; leaving all doors closed that make the CAZ more negative.

•

Measured and recorded the pressure from the CAZ to outside.
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•

Compared fans‐only measurement to air handler measurement to determine which created
the most negative depressurization. Using the most negative result, corrected for base
pressure and recorded the Worst Case Depressurization.

•

Compared the results to the CAZ Depressurization Limits table of BPI Building Analyst
Technical Standards.

Tests Performed under Worst Case Depressurization conditions include spillage, draft, and carbon
monoxide, and were conducted by firing up the appliance with the smallest input first.
Spillage:
•

Tested for spillage at the draft diverter with a mirror and smoke.

•

Documented the amount of time it takes for spillage to stop and a positive draft to be
established. Any appliance that continues to spill flue gases for more than 60 seconds after
startup fails the spillage test per BPI protocol.

Draft:
•

Tested the draft in the vent or flue pipe 1‐2’ after the diverter or first elbow.

•

Recorded Draft Pressure at steady state operating conditions.

•

Compared the measured draft pressure to the minimum draft pressure standard.

CO
•

Tested for CO at the flue at steady state with a combustion analyzer.

•

Repeated the tests for each appliance, in order of increasing input rate, making sure that the
test was performed under Worst Case Depressurization for each CAZ.

Gas Cooktop and Oven Testing:
•

Tested the gas stovetop burners and the oven for CO and compared the findings to the BPI
Action Levels tables.

•

Checked the ventilation hood over the gas stove to make sure that it vented to the outside and
measured the flow rate (cfm)

•

Checked the Combustion Appliance Ventilation air (CAV) for the Furnace, Water Heater, and
Stove and compared it to the CVA calculation rules.

Blower Door Test:
•

Flat to Flat Air Flow ‐ Two Energy Conservatory blower doors with a DG 700 gauge were utilized
to identify communication between any two flats; first checking separately and then calibrating
together.

•

First flat was set at ‐50pa With Respect To (WRT) outside. Then the second flat was adjusted to
‐50pa WRT outside.

•

Then the first flat’s pressure reading was readjusted back to ‐50pa WRT outside and the
correspondent change in CFM readings equated to the amount of air passing between the two
flats or the amount of “communication” present.
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Duct Leakage Test
•

The total duct leakage test was done with a duct blaster to identify total leakage present with
the filter removed.

•

The test was done at a return grille if accessible or the air handler cabinet door.

•

Duct leakage was measured and recorded.

Tools used:
•

Minneapolis Blower door

•

Minneapolis Duct Blaster

•

DG700‐MonomETEr

•

Combustion analyzer

•

Gas leak detector

•

Thermometer

•

Handheld smoke stick

•

Mirror

•

Alanor Flowhood

•

Measuring laser

•

Drill

Tests not Performed:
•

Temperature
Stratification Test

•

Infrared Thermography

E3

Figure 27 – Building Performance Evaluation Tools

Energy Modeling

The energy modeling performed for this San Francisco Net Zero Energy Homes project was
completed using EnergyPro, a modeling software developed by EnergySoft, LLC. The specific
module utilized is the Residential Performance module, which has been approved by the California
Energy Commission for use in the PG&E whole house pilot program. The Residential Performance
module is specifically designed to calculate the energy performance of low‐rise residential buildings
when no code or compliance baselines are involved. This module performs an hourly simulation on
a building over a typical year (8760 hours), and determines annual energy consumption and energy
cost based on the data provided. The simulation data from EnergyPro is compiled and collected
from the ECON Reports, which are generated directly from each individual model and provide the
annual energy usage data.
Two categories of homes within San Francisco have been studied for this report, detached single
family homes and small multifamily homes. Home performance data and characteristics for input
to the energy models were collected via in‐person auditing of the home. Two levels of energy
performance retrofits were modeled for each home:
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•

Initial (over 15% modeled energy reduction, required for incentives through PG&E EUC)

•

Deep (over 50% modeled energy reduction)

E3.1

Single‐Family Homes

The single family homes are participants in both PG&E’s Energy Upgrade California’s whole house
pilot program and SFHIP, with the data collection and development of the initial energy model
completed by the participating contractor performing the actual retrofit within the Energy Upgrade
California program. The initial retrofits were the actual measures undertaken by the participating
single family homes. The deep retrofit models follow idealized sets of measures conceived as
appropriate for three fictitious homeowner personalities.
The combined hydronic system with solar hot water proposed in the Naturalist scope requires a
two‐model approach to estimate savings in EnergyPro. Energy simulation data associated with
these systems was analyzed independently for this study due to the unique data generation
methods, and the graphs for that analysis are shown in Figure 28. Figure 28 suggests that, were the
hydronic systems able to be modeled in the Naturalist model, savings achieved in that deep retrofit
would be higher.

Combined Hydronic Systems
80%

76%

73%

71%

% of annual energy use saved

70%

74%

63%

62%

57%

60%
50%

Initial
Initial
savings
savings

44%
40%

40%

40%

34%

30%
20%

HE water
heater + HE
furnace

Deep savings

2‐model
with
Combined
hydronic +
hydronic
SHW

15%

10%
0%

Home 3

Home 4

Home 5

Home 6

Figure 28 – Naturalist: two deep retrofit models 1 – high efficient electric water heater + high efficient gas furnace and 2 ‐
combined hydronic system, water heat and space heat with solar
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Initial
savings

High
efficient
electric
water
heater
+ high
efficient
gas
furnace

Combined
Hydronic
System,
water
heat and
space
heat with
solar

Home
3

15.2%

43.6%

71.0%

Home
4

40.2%

56.7%

73.0%

Home
5

40.3%

63.4%

76.0%

Home
6

34.3%

62.3%

74.0%

Table 14: Summary of two‐model results for combined hydronic systems

E3.2

Small Multifamily Homes (two‐ to four‐flat buildings)

The small multifamily homes were actual buildings selected as representative of the typical
residential building stock within San Francisco, but they were not participants in the PG&E
program. The data collection and energy model development for these small multifamily homes
was solely performed for the purposes of this study. The initial retrofit and deep retrofit models
were developed in discussion with the home’s performance auditor.
While the energy models and software outputs for this study do provide energy consumption data
in kilowatt‐hours (kWh), therms (thm), and kilowatts (kW), it is essential to note that these models
have not been calibrated or received a “true‐up” to existing homeowner utility bills. Therefore, the
results provided should not be used to convey a quantitative energy reduction, but rather
generalized trends based on percentage reduction of annual energy consumption.
To compensate for the lack of utility bill calibration, homeowner behavior settings within all models
for this study have been “normalized” to reflect assumptions generated by the California Energy
Commission (i.e. “approved assumptions”). The assumptions include:
•

Gas and electric ranges for cooking are assumed to be used 1hr per day of cooking on a
32,000btu pair of ranges.

•

Domestic hot water consumption assumes 120F temperature

•

Occupancy schedule equating to a Monday‐Friday daytime work schedule (lights and computers
off during the day)

•

Thermostats set back to 55F during late night and weekend daytime hours
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No air‐conditioning for cooling11. Seasonal indoor temperature adjustments set to 70F winter
and 78F summer.

Each of these assumptions is highly impactful on the final energy consumption of the building.
Typically, greater energy consumption in any area will increase the return on investment of the
respective measure (since more energy is saved). However, greater energy consumption will also
negatively impact the relative renewable energy or green power contribution to the homes zero
energy path.

E4

The Net Zero Theme ‐ External Sources on Net Zero Energy
Homes and Deep Retrofits

In addition to drawing information from testing, modeling and discussions with experts, the project
team reviewed a number of different sources in order to inform conclusions. These included:
•

Affordable Comfort, Inc. (a national nonprofit) and Linda Wigington, including The Thousand
Home Challenge.

•

Lawrence Berkeley National Lab, including Deep Energy Retrofits: California Case Studies,
Jeremy Fisher & Brennan Less, March 2011 LBNL ACI

•

Bay Area Build it Green, including the Greenpoint Rated scheme

•

National Association of the Remodeling Industry (NARI)

•

Home Energy Rating System (HERS)

•

Building Performance Institute (BPI) standards

•

Pacific Gas & Electric (PG&E)

•

Building Science Corporation guides and papers

•

Articles from ASHRAE, Home Energy and other publications

•

Online information published by Home Energy Pros, CBPCA and others

11

The model does not assume air conditioning. However, if air conditioning were present, then the seasonal indoor
temperature adjustments would be set to 70 degrees winter and 78 degrees summer.
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F1

San Francisco Housing and Climate Characteristics

F1.1

San Francisco Housing Characteristics

This appendix provides information supplemental to that given in Section 3, San Francisco Trends
and Unique Characteristics.
Table 15 gives home ownership rates, and Table 16 gives distribution of homes by district and by
size/type.

Table 15: Rate of Homeownership, San Francisco, 2000 from Housing Element section of 2011 San Francisco
General Plan
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Table 16: Housing stock by planning district and structure size, San Francisco, 2008 from Housing Element section of
2011 San Francisco General Plan
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Table 17: Table I‐21 from Housing Element section of 2011 San Francisco General Plan

San Francisco has a variety of house stock. Many of the small multifamily dwellings share common
features that have impact on the energy use. When retrofitting these types of buildings, it is
important to consider some of the following conditions common to San Francisco architecture.
Construction detail

Potential Issues

Multiple “Flats” construction
“Row house” construction
Adjacent exterior walls
Flat roofs
Attic space with no access
Unventilated attics
Knob and Tube wiring

individual owners in same building, shared walls and floors
no space between structures, exterior common walls
trap moisture between buildings allows insulation to get wet
minimum attic space and no insulation
no ability to add insulation
limits type of insulation that could be used
must be updated before insulating attic

Appendix F

F‐4

San Francisco Department of Environment
Report to the Living Cities Foundation

Soft story first floors
Westerly driven winds
Moisture prone
Balloon framing
Cracks in the lathe and plaster
Built in cabinets and details
Fireplaces without dampers
Exterior penetrations
Gravity furnaces
Leaky windows
HVAC systems
Ductwork
High ceilings
Breezeways
Interstitial spaces
Dumbwaiters
Lack of moisture barriers
Long flues
Chimney issues
Lack of storage
Bathroom ventilation
Dryer vents
Long narrow staircases
Pocket doors
Tight crawlspaces
Hillside construction

The San Francisco Zero Net Energy Homes Project
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cars and other contaminants under living space
pressure differentials inside building
ocean breeze and fog add to interior moisture levels
air travels vertically through walls
communicates to the outside – air infiltration
no plaster behind them – air infiltration
large hole, conditioned air leaves the building
holes to outside created to install updated plumbing etc.
bulky inefficient furnaces, often insulated with asbestos
decorative and double hung windows, not sealed well lead paint
returns air paths that use open framing, communicates to outside
Leaky ductwork with poor register placement
air stratifies if not mixed well, hot air stuck at ceiling level
funnel cold air under living spaces
in attics and other places making shell sealing difficult
open vertical chases allow air to rise vertically – difficult to seal
no building paper or other moisture barriers under siding on the
outside of the building – prone to dry rot from source water
flues vent at roofline draft problems combustion appliances
unlined masonry chimneys with cracks that leak to outside,
multiple appliances sharing common chimney
results in items being stored next to combustion appliances
difficult to ventilate due to adjacent buildings leads to moisture
problems
vertical clothes dryer vents without boosters, often longer than
manufactures maximum allowance
difficult to air seal
communicate air (leak) to the outside via attic and sidewalls
unlined crawls allow moisture and other contaminants into the
building, difficult to air seal or run duct work in
wind driven pressure issues, water problems on uphill side

Table 18: Multifamily building characteristics and associated problems per CBPCA

F1.2

Weather Normals for San Francisco

Additional detail on San Francisco weather patterns is given in the charts below. The charts
show that San Francisco’s climate is quite mild compared with most other US cities. The
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ASHRAE 0.4% cooling dry bulb design data and 99.6% heating design data for San Francisco are
as follows:
•

Summer:

83°F dry bulb/ 63°F wet bulb

•

Winter:

37°F dry bulb

The 83°F summer design temperature is exceeded for only 0.4% of the year. For this reason, air
conditioning is very rarely present or needed in San Francisco homes.

Figure 29 ‐ Normal temperatures in San Francisco are temperate and give rise to a heating
dominated building stock with little need for air conditioning.
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Figure 30 ‐ Moderately high humidity levels can contribute to building moisture problems.

Figure 31 ‐ Winter rainfall can enter homes without good drainage, resulting in wall cavity moisture.
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Figure 32 ‐ Number of days with extreme temperatures

Figure 33 ‐ Significant wind speeds can contribute to water driven rain penetration of
building exterior sheathing systems.

Appendix F

F‐8

