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LEGAL NOTICE 
 

This report was prepared by Pacific Gas and Electric Company and funded by 
the California utility customers under the auspices of the California Public 
Utilities Commission. 
 
Copyright 2009 Pacific Gas and Electric Company. All rights reserved, except 
that this document may be used, copied, and distributed without modification. 
 
Neither PG&E nor any of its employees makes any warranty, express of 
implied; or assumes any legal liability or responsibility for the accuracy, 
completeness or usefulness of any data, information, method, product, policy 
or process disclosed in this document; or represents that its use will not 
infringe any privately-owned rights including, but not limited to, patents, 
trademarks or copyrights. 
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1.0   Executive Summary 
 
This report presents the results of Gabel Associates’ research and review of the 
feasibility and energy cost-effectiveness of building permit applicants exceeding the 2008 
Building Energy Efficiency Standards to meet the minimum energy-efficiency 
requirements of the proposed Marin County Ordinance for local energy efficiency 
standards.  The proposed ordinance states that residential new construction projects 
must meet the overall requirements summarized in the Resolution printed on the 
following pages. 

The study contained in this report shall be included in Marin County’s application to the 
California Energy Commission (CEC) which must meet the requirements specified in 
Section 10-106 of the California Code of Regulations, Title 24, Part 1, LOCALLY 
ADOPTED ENERGY STANDARDS.  The proposed Ordinance shall be enforceable after 
the CEC has reviewed and approved the local energy standards as meeting all 
requirements of Section 10-106; and the Ordinance has been adopted by the County and 
filed with the Building Standards Commission.  

The 2008 Building Energy Efficiency Standards, scheduled to take effect on  
January 1, 2010, are the baseline used to calculate the cost-effectiveness of the 
proposed Ordinance.  
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SOLAR ELECTRIC SYSTEMS 

A solar photovoltaic (PV) energy system may be used to meet the Energy Budget Below CA Title 24 Part 6 
requirements of this resolution which exceed 15%.  To qualify for energy credits, the PV energy system must be 
capable of generating electricity from sunlight, supply the electricity directly to the building, and the system is 
connected, through a reversible meter, to the utility grid.  The installation of any qualifying PV energy system 
must meet all installation criteria contained in the California Energy Commission’s Guidebook “Eligibility Criteria 
and Conditions for Incentives for Solar Energy Systems.”  The methodology used to calculate the energy 
equivalent to the PV credit shall be the CECPV Calculator, using the most recent version, provided by the 
California Energy Commission. 

INCENTIVES  [optional] 

A City Green Building emblem for construction signage shall be provided for all residential and non-residential 
projects that obtain a GreenPoint or LEED rating. 

The following incentives shall be provided for residential projects that achieve at least 100 GreenPoints or non-
residential projects that achieve at least a LEED® Gold rating: 

1. Expedited building permit plan check (typically 2-week turnaround) 

2. Reimbursement for the cost of the GreenPoint Rater services (residential projects only, up to a 
maximum of $1,000) 

3. Provision of a bronze plaque for building mounting, identifying the project as a green building 

EXCEPTIONS  [optional] 

The following shall not be included as Covered Projects: 

1. Second dwelling units, 
2. Buildings which are temporary, 
3. Building area which is not or is not intended to be conditioned space, and 
4. Any requirement which would impair the historic integrity of any building listed on a local, state or federal 

register of historic structures. 

The following shall not be included in project valuation: 
1. Improvements primarily intended for seismic upgrades or required disabled access, 
2. Building replacement due to catastrophic loss due to flood or earthquake damage, and 
3. Installation of renewable energy systems. 
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2.0 Impacts of the New Ordinance 
 
The energy performance impacts of the Ordinance have been evaluated using several 
prototypical designs which collectively reflect a broad range of building types, including: 
 

 Single family house: 2-story 1,582 sf (CZ3) 
 Single family house: 2-story 2,025 sf (CZ2, CZ3) 
 Single family house: 2-story 2,682 sf (CZ2) 
 Single family house: 2-story 5,000 sf (CZ2, CZ3): Exceeding Title 24 by 20% 
 Single family house: 2-story 6,500 sf (CZ2, CZ3): Exceeding Title 24 by 30% 
 Single family house: 2-story 7,500 sf (CZ2, CZ3): Net Energy Zero TDV  
 Low-rise Multi-family building, 8 dwelling units: 2-story 8,442 sf (CZ2, CZ3) 
 High-rise Multi-family building, 40 dwelling units: 4-story 36,800 sf (CZ2, CZ3) 
 Nonresidential office building: 2-story, 21,160 sf (CZ2, CZ3) 
 Nonresidential office building: 5-story, 52,900 sf (CZ2, CZ3) 

 
The methodology used in the case studies is based on a design process for buildings 
that meet or exceed the energy standards, and includes the following: 
  

(a) Each prototype building design is tested for compliance with the 2008 
Standards, and the mix of energy measures are adjusted using common 
construction options so the building first just meets the Standards. The set of 
energy measures chosen represent a reasonable combination which reflects 
how designers, builders and developers are likely to achieve a specified level 
of performance using a relatively low first incremental (additional) cost 

(b) Starting with that set of measures which is minimally compliant with the 2008 
Standards, various energy measures are upgraded so that the building just 
meets the minimum energy performance required by the proposed Ordinance 
(e.g., 15% better than 2008 Title 24). The design choices by the consultant 
authoring this study are based on many years of experience with architects, 
builders, mechanical engineers; and general knowledge of the relative 
acceptance and preferences of many measures, as well as their incremental 
costs. This approach tends to reflect how building energy performance is 
typically evaluated for code compliance and how it’s used to select design 
energy efficiency measures.  Note that lowest simple payback with respect to 
building site energy is not always the primary focus of selecting measures; but 
rather the requisite reduction of Title 24 Time Dependent Valuation(TDV) 
energy at a reasonably low incremental cost consistent with other non-
monetary but important design considerations. 
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(c) A minimum and maximum range of incremental costs of added energy 
efficiency measures is established by a variety of research means.  A 
construction cost estimator, Building Advisory LLC, was contracted to conduct 
research to obtain current measure cost information for many energy 
measures; and Gabel Associates performed its own additional research to 
establish first cost data. Site energy in kWh and therms, is calculated from the 
Title 24 simulation results to establish the annual energy savings, energy cost 
savings and CO2-equivalent reductions in greenhouse gases.  

 
 
 
 
2.1 Single Family Homes 
 
CLIMATE ZONE 2 
 
The following energy design descriptions of single family building prototypes just meet 
the 2008 Title 24 Building Energy Efficiency Standards in Climate Zone 2: 
 
CZ2:  Single Family House 2,025 square feet, 2-story, 20.2% glazing/floor area ratio 

 
 
 
CZ2:  Single Family House 2,682 square feet, 2-story, 21.1% glazing/floor area ratio 
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CZ2:  Single Family House 5,000 square feet, 2-story, 22.0% glazing/floor area ratio 

 
 
 
CZ2:  Single Family House 6,500 square feet, 2-story, 22.0% glazing/floor area ratio 

 
 
 
CZ2:  Single Family House 7,500 square feet, 2-story, 22.0% glazing/floor area ratio 
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Climate Zone 2 Energy Efficiency Measures Needed to Meet the Ordinance 
 
The following tables list the energy features and/or equipment included in the Title 24 
base design, the efficient measure options, and an estimate of the incremental cost for 
each measure included to improve the building performance to use 15% less TDV 
energy than the corresponding Title 24 base case design (except homes equal or 
greater than 4,000 square feet as indicated). 

In any actual project, the designer, builder or owner selects which measures will be 
included to meet the proposed Ordinance requirements.  There are a number of factors in 
choosing the final mix of energy measures including first cost, aesthetics, maintenance 
and replacement considerations. The analysis includes at least two different options to 
meet the proposed Ordinance requirements for each prototypical design. 
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For homes > 4,000 square feet to 5,499 square feet, the following tables list the 
energy measures needed to improve a 5,000 square foot home so that it uses at 
least 20% less TDV energy than the corresponding Title 24 base case design. 
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For homes > 5,500 square feet to 6,999 square feet, the following tables list the 
energy measures needed to improve a 6,500 square foot home so that it uses at 
least 30% less TDV energy than the corresponding Title 24 base case design. 
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For homes > 7,000 square feet the following tables list the energy measures 
needed to improve a 7,500 square foot home so that its net Title 24 TDV energy 
use is zero (i.e. Net Zero TDV Energy) as compared with the corresponding  
Title 24 base case design.  To achieve this level of performance, a solar PV 
system is added to the home sized to just meet the Net Zero Energy threshold by 
rounding up to the next largest whole KW of nominal solar PV capacity. 
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CLIMATE ZONE 3 
 
The following energy design descriptions of single family building prototypes just meet 
the 2008 Title 24 Building Energy Efficiency Standards in Climate Zone 3: 
 
CZ3:  Single Family House 1,582 square feet, 2-story, 14.3% glazing/floor area ratio 
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CZ3:  Single Family House 2,025 square feet, 2-story, 20.2% glazing/floor area ratio 

 
 
 
CZ3:  Single Family House 5,000 square feet, 2-story, 22.0% glazing/floor area ratio 

 
 
 
CZ3:  Single Family House 6,500 square feet, 2-story, 22.0% glazing/floor area ratio 
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CZ3:  Single Family House 7,500 square feet, 2-story, 22.0% glazing/floor area ratio 

 
 
 
 
Climate Zone 3 Energy Efficiency Measures Needed to Meet the Ordinance 
 
The following tables list the energy features and/or equipment included in the Title 24 
base design, the efficient measure options, and an estimate of the incremental cost for 
each measure included to improve the building performance to use 15% less TDV 
energy than the corresponding Title 24 base case design (except homes equal or 
greater than 4,000 square feet as indicated). 
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For homes > 4,000 square feet to 5,499 square feet, the following tables list the 
energy measures needed to improve a 5,000 square foot home so that it uses at 
least 20% less TDV energy than the corresponding Title 24 base case design. 
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For homes > 5,500 square feet to 6,999 square feet, the following tables list the 
energy measures needed to improve a 6,500 square foot home so that it uses at 
least 30% less TDV energy than the corresponding Title 24 base case design. 
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For homes > 7,000 square feet the following tables list the energy measures 
needed to improve a 7,500 square foot home so that its net Title 24 TDV energy 
use is zero (i.e. Net Zero TDV Energy) as compared with the corresponding  
Title 24 base case design.  To achieve this level of performance, a solar PV 
system is added to the home sized to just meet the Net Zero Energy threshold by 
rounding up to the next largest whole KW of nominal solar PV capacity. 
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2.2 Low-rise Multi-family Residential Building 
 
The following is the energy design description of the low-rise multifamily building 
prototype which just meets the 2008 Title 24 Building Energy Efficiency Standards: 
 
CZ2:  Low-rise Multi-family: 2-story 8,442 square feet, 8 units, 12.5% glazing 
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CZ3:  Low-rise Multi-family: 2-story 8,442 square feet, 8 units, 12.5% glazing 

 
 
 
Climate Zone 2 Energy Measures Needed to Meet the Ordinance 
 
See Section 2.0 for the description of the approach used to establish which energy 
measures are used to meet the proposed Ordinance for this prototype building design. 
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Climate Zone 3 Energy Measures Needed to Meet the Ordinance 
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2.3 High-rise Multifamily Building 
 
The following is the energy design description of the high-rise multifamily building 
prototype which just meets the 2008 Title 24 Building Energy Efficiency Standards: 
 
CZ2:  High-rise Residential: 4-story 36,800 sf, 40 units,  Window Wall Ratio=35.2% 

 
 
 
CZ3:  High-rise Residential: 4-story 36,800 sf, 40 units,  Window Wall Ratio=35.2% 

 
 
 
CZ 2:  Energy Measures Needed to Meet the County’s Ordinance 
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CZ 3:  Energy Measures Needed to Meet the County’s Ordinance 
 
See Section 2.1 for the description of the approach used to establish which energy 
measures are used to meet the proposed Ordinance for this prototype building design. 
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2.4 Nonresidential Buildings 
 
The following is the energy design description of the nonresidential building prototypes 
which just meet the 2008 Title 24 Building Energy Efficiency Standards: 
 
 
CLIMATE ZONE 2 
 
The following energy design descriptions of nonresidential building prototypes just meet 
the 2008 Title 24 Building Energy Efficiency Standards in Climate Zone 2: 
 
CZ2:  Nonresidential 2-story office building: 21,160 sf, Window Wall Ratio= 37.1% 

 
 
 
CZ2:  Nonresidential 5-story office building: 52,900 sf, Window Wall Ratio= 29.1% 
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CZ2:  Nonresidential 2-story office building: 21,160 sf, Window Wall Ratio= 37.1% 
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CZ2:  Nonresidential 5-story office building: 52,900 sf, Window Wall Ratio= 29.1% 
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CLIMATE ZONE 3 
 
The following energy design descriptions of nonresidential building prototypes just meet 
the 2008 Title 24 Building Energy Efficiency Standards in Climate Zone 3: 
 
CZ3:  Nonresidential 2-story office building: 21,160 sf, Window Wall Ratio= 37.1% 

 
 
 
CZ3:  Nonresidential 5-story office building: 52,900 sf, Window Wall Ratio= 29.1% 
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CZ3:  Nonresidential 2-story office building: 21,160 sf, Window Wall Ratio= 37.1% 

 
 
 
CZ3:  Nonresidential 5-story office building: 52,900 sf, Window Wall Ratio= 29.1% 
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3.0 Cost Effectiveness 
 
The summary of results in this section are based upon the following assumptions: 
 
 Annual site electricity (kWh) and natural gas (therms) saved are calculated using a 

beta version of the state-approved energy compliance software for the 2008 Building 
Energy Efficiency Standards, Micropas 8. 

 
 Average utility rates of $0.173/kWh for electricity and $1.15/therm for natural gas in 

current constant dollars 
 
 No change (i.e., no inflation or deflation) of utility rates in constant dollars 
 
 No increase in summer temperatures from global climate change 
 
The Simple Payback data includes a cost-effectiveness analysis of the Ordinance with 
respect to each case study building design and assumes: 
 
 No external cost of global climate change -- and corresponding value of additional 

investment in energy efficiency and CO2 reduction – is included 
 
 The cost of money (e.g, opportunity cost) invested in the incremental cost of energy 

efficiency measures is not included.   
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3.1 New Single Family Houses 
 
Climate Zone 2:  15% Better Than Title 24 
Single Family 

 
  Annual Reduction in CO2-equivalent: 1,041 lb./building-year 
            0.51 lb./sq.ft.-year 
 

 
  Annual Reduction in CO2-equivalent: 1,256 lb./building-year 
              0.47 lb./sq.ft.-year 
 
 
 
Climate Zone 3:  15% Better Than Title 24 
Single Family 

 
  Annual Reduction in CO2-equivalent: 808 lb./building-year 
            0.51 lb./sq.ft.-year 
          

 
  Annual Reduction in CO2-equivalent: 1,061 lb./building-year 
            0.52 lb./sq.ft.-year 
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Climate Zone 2:  20% Better Than Title 24 
Large Single Family 

 
  Annual Reduction in CO2-equivalent: 1,945 lb./building-year 
            0.39 lb./sq.ft.-year 
 
 
Climate Zone 3:  20% Better Than Title 24 
Large Single Family 

 
  Annual Reduction in CO2-equivalent: 1,846 lb./building-year 
            0.37 lb./sq.ft.-year 
 
 
Climate Zone 2:  30% Better Than Title 24 
Large Single Family 

 
  Annual Reduction in CO2-equivalent: 2,753 lb./building-year 
            0.42 lb./sq.ft.-year 
 
 
Climate Zone 3:  30% Better Than Title 24 
Large Single Family 

 
  Annual Reduction in CO2-equivalent: 3,294 lb./building-year 
            0.51 lb./sq.ft.-year 
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Climate Zone 2:  Net Zero TDV Energy 
Large Single Family 

 
  Annual Reduction in CO2-equivalent: 7,089 lb./building-year 
            0.95 lb./sq.ft.-year 
 
 
Climate Zone 3:  Net Zero TDV Energy 
Large Single Family 

 
  Annual Reduction in CO2-equivalent: 5,449 lb./building-year 
            0.73 lb./sq.ft.-year 
 
 
 
3.2 Low-rise Multi-family Building 

 
Climate Zone 2:  15% Better Than Title 24 
Low-rise Apartments 

 
  Annual Reduction in CO2-equivalent: 3,857 lb./building-year 
            0.10 lb./sq.ft.-year 
 
 
Climate Zone 3:  15% Better Than Title 24 
Low-rise Apartments 

 
  Annual Reduction in CO2-equivalent: 3,865 lb./building-year 
            0.46 lb./sq.ft.-year 
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3.3 High-rise Multi-family Building 
 
Climate Zone 2:  15% Better Than Title 24 
High-rise Apartments 

 
  Annual Reduction in CO2-equivalent: 6,933 lb./building-year 
            0.19 lb./sq.ft.-year 
 
 
Climate Zone 3:  15% Better Than Title 24 
High-rise Apartments 

 
  Annual Reduction in CO2-equivalent: 6,598 lb./building-year 
            0.18 lb./sq.ft.-year 
 
 
 
3.4  Nonresidential Buildings 
 
Climate Zone 2:  15% Better Than Title 24 
2-Story Office Building 

 
  Annual Reduction in CO2-equivalent: 7,834 lb./building-year 
            0.37 lb./sq.ft.-year 
 
 
Climate Zone 3:  15% Better Than Title 24 
2-Story Office Building 

 
  Annual Reduction in CO2-equivalent: 7,809 lb./building-year 
            0.37 lb./sq.ft.-year 
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Climate Zone 2:  15% Better Than Title 24 
5-Story Office Building 

 
  Annual Reduction in CO2-equivalent: 10,419 lb./building-year 
            0.20 lb./sq.ft.-year 
 
 
Climate Zone 3:  15% Better Than Title 24 
5-Story Office Building 

 
  Annual Reduction in CO2-equivalent: 38,046 lb./building-year 
            0.72 lb./sq.ft.-year 
 
 
 
 
Conclusions 
 
Regardless of the building design, occupancy profile and number of stories, the 
incremental improvement in overall annual energy performance of buildings under the 
Marin Green Building Ordinance and the 2008 Title 24 Building Energy Efficiency 
Standards appears cost-effective. However, each building’s overall design, occupancy 
type and specific design choices may allow for a large range of incremental first cost and 
payback.  As with simply meeting the requirements of the Title 24 energy standards, a 
permit applicant complying with the energy requirements of the Marin Green Building 
Ordinance should carefully analyze building energy performance to reduce incremental 
first cost and the payback for the required additional energy efficiency measures.   
 
 


