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FILE NO. 160154 
SUBSTITUTED 

4/5/2016 ORDINANCE NO. 

1 [Green Building, Environment Codes - Better Roof Requirements for Renewable Energy 
Facilities] 

2 

3 Ordinance amending the Green Building Code and the Environment Code to establish 

4 requirements for certain new building construction facilitating development of 

5 renewable energy facilities; updating provisions of the Green Building requirements for 

6 City buildings; setting an operative date of January 1, 2017; providing findings as to 

7 local conditions pursuant to the California Health and Safety Code; directing the Clerk 

8 of the Board of Supervisors to transmit the ordinance to appropriate State officials; and 

9 affirming th~ Planning Department's determination under the California Environmental 

10 Quality Act. 

11 

12 

13 

14 

15 

16 

17 

NOTE: Unchanged Code text and uncodified text are in plain Arial font. 
Additions to Codes are in single-underline italics Times New Roman font. 
Deleti<ms to Codes are in strikfJthrough itffllcs Times New Roman font. 
Board amendment additions are in double-underlined Arial font. 
Board amendment deletions are in strikethrough /\rial font. 
Asterisks (* * * *) indicate the omission of unchanged Code 
subsections or parts of tables. 

Be it ordained by the People of the City and County of San Francisco: 

18 Section 1. CEQA Findings. The Planning Department has determined that the actions 

19 contemplated in this ordinance comply with the California Environmental Quality Act 

20 (California Public Resources Code Sections 21000 et seq.). Said determination is on file with 

21 the Clerk of the Board of Supervisors in File No. 160154 and is incorporated herein by 

22 reference. The Board affirms this determination. 

23 

24 I I I 

25 I I I 
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1 Section 2. General Findings. 

2 (a) The California Building Standards Code is contained in Title 24 of the California 

3 Code of Regulations, and consists of several parts that are based, upon model codes with 

4 amendments made by various State agencies. The California Green Building Standards 

5 Code, also known as the CALGreen Code, is Part 11 of Title 24 of the California Code of 

6 Regulations, and San Francisco has enacted the San Francisco Green Building Code as 

7 amendments to the 2013 California Green Building Standards Code. 

8 (b) Local jurisdictions are required to enforce the California Gre~n Building Standards 

9 Code but they may also enact more stringent standards when reasonably necessary because 

1 O of local conditions caused by climate, geology, or topography. 

11 (c) lhe Building Inspection Commission· considered the applicable sections of this 

ordinance. at a duly noticed public hearing on March 16, 2016. The Commission on the 

13 Environment considered the applicable sections of this ordinance at a duly noticed public 

14 hearing on March 22, 2016. 

15 

16 . Section 3. Findings Regarding Local Conditions Required by the California Health and 

17 Safety Code. 

18 (a) California Health & Safety Code Section 17958.7 provides that before making any 

19 changes or modifications to the California Green Building Standards Code and any other 

20 applicable provisions published by the State Building Standards Commission, the governing 

21 body must make an express finding that each such change or modification is reasonably 

22 necessary because of specified local conditions, and the findings must be filed with the State 

23 Building Standards Commission before the local changes or modifications go into effect. 

24 
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1 (b) The Board of Supervisors expressly declares that the following amendments to the 

2 San Francisco Green Building Code are reasonably necessary because of local climatic, 

3 topological, and geological conditions as listed below. 

4 (1) As a coastal city located on the tip of a peninsula, San Francisco is 

· 5 vulnerable to sea level rise, and human. activities releasing greenhouse gases into the 

6 atmosphere cause increases in worldwide average temperature, which contribute to melting of 

7 glaciers and thermal expansion of ocean water- resulting in rising sea levels. 

8 (2) San Francisco is already experiencing the repercussions of excessive C02 

9 emissions as rising sea levels threaten the City's shoreline and infrastructure, have caused 

1 O significant erosion, increased impacts to infrastructure during extreme tides, and have caused 

11 the City to expend funds to modify the sewer system. 

12 (3) Some people in San Francisco, such as the elderly, may be particularly 

13 vulnerable to higher temperatures resulting from climate changes. 

14 (4) Installing solar will help San Francisco meet its goals under 

15 Ordinance No. 81-08, to have a greenhouse gas-free electric system by 2030 and to reduce 

16 greenhouse gas emissions citywide to 40% below 1990 levels by 2025 and 80% by 2050. 

17 (5) It is reasonably necessary to require building owners to take steps to reduce 

18 the energy consumed by inefficient building operations and produce renewable, low-carbon 

19 electricity, or capture solar heat, in order to reduce pollution, benefit biodiversity, improve 

20 resilience to climate change by reducing localized heat islands, and reduce the global 

21 warming effects of energy consumption. 

22 (6) Installing solar heating or solar energy systems benefits the health, welfare, 

23 and resiliency of San Francisco and its residents. 

24 (c) Requiring solar water heating and/or solar photovoltaics at the time of new 

25 construction is more cost-effective than installing the equipment after construction because 
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1 workers are already on-site, permitting and administrative costs are lower, and it is more cost-

2 effective to include such systems in existing construction financing. Based upon the findings 

3 of a cost-effectiveness study performed on the more stringent local standards contained in the 

4 City's proposed amendments to the 2013 San Francisco Green Building Code, the Board of 

5 Supervisors hereby determines that these local energy standards are cost-effective and will 

6 save more energy than the standards contained in the 2013 California Green Building 

7 Standards (CALGreen) Code (Title 24 Part 11) and the 2013 California Energy Standards 

8 (Title 24 Part 6). A copy of the cost-effectiveness study is on file with the Clerk of the Board of 

9 Supervisors in File No. 160154. 

10 

11 Section 4. The Green Building Code is hereby amended by revising Sections 202 and 

'2 301.1, adding Sections 4.201.2 and 5.201.1.2, and deleting Sections 5.103.1.5 and 5.103.2.3, 

13 to read as follows: 

14 . SEC. 202. DEFINITIONS. 

15 GREENPOINT RATED, GREENPOINTS and GREENPOINTS CHECKLIST. The 

16 residential green building rating system and checklist and certification methodology of the 

17 non-profit organization Build It Green. 

18 HIGH-RISE RESIDENTIAL BUILDING. For the purposes of this code, a building that is 

19 of Occupancy Group R and is four stories or greater. 

20 HISTORICAL RESOURCE. A property that meets the terms of the definitions in 

21 Section 21084.1 of the CEQA Statute (The California Environmental Quality Act [Public. 

22 Re?ources Code Section 21084.1]) and Section 15064.5 of the CEQA Guidelines, as 

23 determined by the San Francisco Planning Department. 

24 LARGE COMMERCIAL BUILDING. A commercial building or addition of Group B, M, 

:5 A, or I occupancy that is 25,000 gross square feet or more. 
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1 LEED® and LEED® CHECKLIST. The Lead~rship in Energy and Environment Design 

2 rating system, certification methodology, and checklist of the United States Green ~uilding 

3 Council (USGBC). 

4 LOW-RISE RESIDENTIAL BUILDING. For the purposes of this code, a building that is 

5 of Occupancy Group R and is three stories or less or that is a one or two family dwelling or 

6 townhouse. 

7 MAJOR AL TERA TIONS. Alterations where interior finishes are removed and 

8 significant upgrades to structural and mechanical, electrical and/or plumbing systems are 

9 proposed where-areas of such construction are 25,000 gross square feet or more in Group B, 

·1 O M or R occupancies of existing buildings. 

11 MID-SIZE COMMERCIAL BUILDING. A commercial building of Group B or M 

12 occupancy that is 5,000 or more and less than 25,000 gross square feet, and is not a high-rise 

13 building. 

14 NEWLY CONSTRUCTED (or NEW CONSTRUCTION). A newly constructed building 

15 (or new construction) is a building that has never before been used or occupied for any 

16 purpose and does not include additions, alterations or repairs. 

17 NEW LARGE COMMERCIAL INTERIORS. First-time tenant improvements where 

18 areas of such construction are over 25,000 gross square feet or more in Group 8 or M 

19 occupancy areas of existing buildings. 

20 NONRESIDENTIAL COMPLIANCE MANUAL. The document published by the California 

21 Energy Commission to aid in compliance and enforcement ofthe Title 24 California Building Energy 

22 Standards. for buildings of nonresidential occupancy and high-rise residential buildings. 

23 RESIDENTIAL COMP LIAN CE MANUAL. The document published by the California Energy 

24 Commission to aid in compliance and enforcement of the Title 24 California Building Energy 

25 Standards. for low-rise residential buildings. 

Supervisor Wiener 
BOARD OF SUPERVISORS 

3594 
Page5 



1 

2 SEC. 301.1. SCOPE. 

3 Buildings in the City and County of San Francisco_shall be designed to include the 

4 green building measures specified as mandatory under the California Green Building 

5 Standards Code (CalGreen). 

6 Additional green building requirements established by the City and County of San 

7 Francisco are mandatory for: 

8 (1) Newly constructed Group R occupancy buildings, 

9 (2) Newly constructed buildings of Group B, M, A, and I occupancies that are 

1 O 25,000 gross square feet or more, 

11 (3) New first-time build-outs of commercial interiors that are 25,000 gross 

'2 square feet or more in buildings of Group B or M occupancies, and 

13 (4) Major alterations that are 25,000 gross square feet or more in existing 

14 buildings of Group B, Mor R occupancies, where interior finishes are removed and significant 

15 upgrades to structural and mechanical, electrical and/or plumbing systems are proposed. 

16 Exempt from additional local requirements of this chapter, unless otherwise noted, are: 

17 (1) Any new building in which laboratory use of any occupancy classification is the 

18 primary use, and 

19 (2) Any building undergoing renovation in which· the area of renovation will be primarily 

20 for laboratory use of any occupancy classification. 

21 (3) Any new building of Group B occupancy where electronic data processing will be the 

22 primary use is exempt from the solar energy requirements o[Section 5.201.1.2. All other relevant 

23 sections ofthis code shall apply. 

24 

.5 I I I 
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1 SEC. 4.201.2. RENEWABLE ENERGY AND BETTER ROOFS 

2 (a) Newly constructed Group R occupancy buildings of 10 occupied floors or less and that 

3 apply for a building permit on or after January 1. 2017 shall install solar photovoltaic systems and/or 

4 solar thermal systems in the solar zone required by California Code ofRegu.lations (CCR!. Title 24, 

5 Part 6Section110.10. 

6 (b) The minimum solar zone area for the pro;ect shall be calculated under Title 24, Part 6, 

7 Section 110.1 O(k) through (e), as applicable, and Residential Compliance Manual Chapter 7 or 

8 Nonresidential Compliance Manual Chapter 9,_ as applicable. except as provided below. 

9 (1) For single family residences, Exceptions 3 and 5 to Title 24. Part 6. 

10 Section 110.1 O(k)]A may b'e applied in the calculation ofthe minimum solar zone area. Exceptions 1. 

11 2. 4. 6, and 7 may not be applied in the calculation. 

12 (2) For Group R Occupancy buildings other than single family residences, 

13 Exceptions 3 and 5 to Title 24. Part 6. Section 110.10(k)]B may be applied in the calculation ofthe 

14 minimum solar zone area. Exceptions l, 2, and 4 may not be applied in the calculation. 

15 (3) Buildings with a calculated minimum solar zone area ofless than 15 0 contigu.ous· 

16 square feet due to limited solar access under Exception 5 to Title 24. Part 6. Section 110.1 O(k)]A or 

17 Exception 3 to Title 24. Part 6, Section 110.lO(k)lB are exempt (tom the solar energy requirements in 

18 this Section 4.201.2. 

19 (c) The sum ofthe areas occupied bysolar photovoltaic collectors and/or solar thermal 

20 collectors must be equal to or greater than the solar zone area. The solar zone shall be located on the 

21 roof or overhang ofthe building, or on the roof or overhang of another structure located within 

22 250 feet ofthe building or on covered parking installed with the building project.; Solar photovoltaic 

23 systems and solar thermal systems shall be installed in accord with: all applicable State code 

24 requirements, including access. pathway, smoke ventilation, and spacing requirements specified in 

25 

3596 Supervisor Wiener 
BOARD OF SUPERVISORS Page? 



1 CCR Title 24. Part 9; all applicable local code requirements: manufacturer's specifications: and the 

2 followingperformance requirements: 

3 (I) Solar photovoltaic systems: The total nameplate capacity ofphotovoltaic collectors 

4 shall be at least 10 Wattsoc per square foot o(roo(area allocated to the photovoltaic collectors. 

5 (2) Solar thermal systems: Single family residential solar domestic water heating 

6 systems shall be OG-300 System Certified by either the Solar Rating and Certification Corporation 

7 (SRCC) or the International Association of Plumbing and Mechanical Officials (IAPMO). Solar 

8 thermal systems installed in all Group R occupancy buildings other than single family residences shall 

9 use collectors with OG-100 Collector Certification by SRCC or !AP MO. shall be designed to generate 

1 O annually at least I 00 kBtu per square foot of roof area allocated to the solar thermal collectors. 

11 Systems with at least 500 square feet o(collector area shall include a Btu meter installed on either the 

'2 collector loop or potable water side o[the solar thermal system. 

13 

14 SEC. 5.103.1.5. RE1VEWABLEENERGY. 

15 Effective Janumy 1, 2()12, perrnit applicants must submit documenttttion verifying either: 

16 (1) 2!cquisition ofr-enewable on site energy orpurchase ofgr-een energy credits in accol'd·with 

17 LEED EA2 or E.A6, or 

18 (2) Achie·?e a 1()% con7:pliance margin O',Jer T.itk 24 Part 6 2()13 California Energy Standards. 

19 

20 SEC. 5.103.2.3 RENEWABLE ENERGY. 

21 Effecti've January 1, 2()12, permit applicants must submit documenttttion '.)erifying that either: 

22 (1) Acquisition of renewable on site energy or purchase of"green energy credits in accord with 

23 LEEDEA2 orEA6, or 

24 (2) In addition to meeting 5.1()3.2. 5 Energy Performance requirement, achieve an additional 

~5 1 ()% compliance margin over Title 2 4 Part 6 (2()13) California Energy Standards. 
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1 

2 SEC. 5.201.1.2. RENEWABLE ENERGY AND BETTER ROOFS 

3 (a) Newly constructed buildings of nonresidential occupancy that are of I 0 occupied floors or 

4 less, are 2000 square feet or greater in gross floor area, and apply for a building permit on or after 

5 January 1. 2017 shall install solar photovoltaic systems and/or solar thermal systems in the solar zone 

6 required by Cali{Ornia Title 24, Part 6 Section 110.10. 

7 (b) The required solar zone area for the project shall be calculated under California of 

8 Regulations (CCR), Title 24. Part 6, Section 110.lO(b) through (e) and Nonresidential Compliance 

9 Manual Chapter 9. as applicable; provided, however that Exceptions 3 and 5 to Title 24, Part 6, 

10 Section 110.1 O(b)lB may be applied in the cl!lculation of the minimum solar zone area and Exceptions 

11 l, 2, and 4 shall not be applied in the calculation. Buildings with a calculated minimum solar zone 

12 area of!ess than 150 contiguous square feet due to limited solar access under Exception 3 are exempt 

13 .from the solar energy requirements in this Section 5.201.2. 

14 (b) The sum o(the areas occupied by solar photovoltaic collectors and/or solar thermal 

15 collectors must be equal to or greater than the solar zone area. The solar zone shall be located on the 

16 roof or overhang o[the building, or on the roof or overhang of another structure located within 250 

17 feet ofthe building or on covered parking installed with the building project. Solar photovoltaic 

18 systems and solar thermal svstems shall be installed in accord with all applicable state and local code 

19 requirements, manufacturer's specifications, and the {Ollowingper{Ormance requirements: 

20 (1) Solar photovoltaic systems: The total nameplate capacity ofphotovoltaic collectors 

21 shall be at least 10 Wattsoc per square {Oat of roof area allocated to the photovoltaic collectors. 

22 (2) Solar thermal systems: Solar thermal systems installed to serve non-residential 

23 building occupancies shall use collectors with OG-100 Collector Certification by the Solar Rating and 

24 Certification Corporation (SRCC) or the International Association of Plumbing and Mechanical 

25 Officials (!AP MO), shall be designed to generate annually at least 100 kBtu per square {Oat ofroof 
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1 area allocated to the solar thermal collectors. and, for systems with at least 500 square feet of collector 

2 area, shall include a Btu meter installed on either the collector loop or potable water side of the solar 

3 thermal system. 

4 

5 

6 

7 

8 

9 

10 

11 

) 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

.5 

Section 5. The Environment Code is hereby amended by adding Chapter 26, 

consisting of Section 2601, to read as follows: 

CHAPTER 26: BETTER ROOF REQUIREMENTS 

SEC. 2601. BETTER ROOF IMPLEMENTATION. 

(a) Purpose. The purpose ofthis Section 2601 is to track and support improvement of 

requirements for newly constructed buildings which will increase the utility ofrooftops by ensuring 

development ofrenewable energy resources. 

(b) The Department ofthe Environment shall: 

(I) Review and propose technical requirements for rooftop photovoltaic and solar 

thermal systems and their perfOrmance and components, where not otherwise governed by applicable 

state or local codes. The Department of Building Inspection and the Planning Department may 

contribute to the cost o(technical support as well as the cost ofpublic information programs 

supporting the implementation ofthe Better Roofprogram. 

(2) Recommend revisions to the Better Roo[requirements of San Francisco Green 

Building Code Sections 4.201.2 and 5.201.1.2 based on project data and other new information, to 

support the City's goals for greenhouse gas emissions reduction, environmental justice, provision of 

renewable energy, development of Zero Net Energy Buildings. biodiversity. and pollution prevention. 

(c) Reporting. The Environment Director shall collaborate with the Department ofBuilding 

Inspection, the Department of Planning. and the Public Utilities Commission to prepare and publish an 

annual report on the renewable energy resources developed in compliance with this Chapter 26, San 
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1 Francisco Green Building Code Section 4.201.2, and San Francisco Green Building Code 

2 Sec!ion 5.201.1.2 et seq. 

3 

4 Section 6. The Environment Code is hereby amended by amending Section 706, to 

5 read as follows: 

6 SEC. 706. SAN FRANCISCO-SPECIFIC LEED CREDIT REQUIREMENTS FOR 

7 MUNICIPAL CONSTRUCTION PROJECTS. 

8 . (a) As part of the LEED Gold certification requirement for municipal construction 

9 projects, the projects must achieve the following LEED credits: 

1 O (1) Stormwater Management. The LEED Project Administrator shall submit 

11 documentation verifying that a construction project that is located outside the City and County 

12 of San Francisco achieves the LEED SS6.2 credit. Construction projects located within the 

13 City and County of San Francisco shall implement the applicable stormwater management 

14 controls adopted by the San Francisco Public Utilities Commission (the "SFPUC"). All 

15 construction projects shall develop and implement construction activity pollution prevention 

16 and stormwater management controls adopted by the SFPUC, and achieve LEED 

17 prerequisite SSp1 or similar criteria adopted by the SFPUC, as applicable. 

18 (2) Indoor Water Use Reduction. The LEED Project Administrator shall submit· 

19 documentation verifying a minimum 30% percent reduction in the use of indoor potable water, 

20 as calculated to meet and achieve LEED credit WE3.2. 

21 (3) Energy Performance. Using an Altemati"ve Calculation }Jethod ~4CU) approved by 

22 the Califom.ia Energy Commission, the LEED .Project Administrator shall calculate the project's 

23 energy use, and compare it to the standard or "budget" building to achie-ve LEED credit EAJ by either: 

24 ~4) A 15percent conpliance margin O'.'er Title 24, .Part 6, 2008 California 

25 Energy Standar~s; or, 
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1 (BJ Decument ce-mplitH'lce with Titk 24, Part 6, 2008 Celifornia Energy 

2 Standards, including submittel of all standGf;f'd documentatien, £H'ld additionally demenstr-ate that the 

3 project aehiC'ves a 15percent er greater cmnpliance margin ever the ASJJRAE 90. l 2007 energy eest 

4 baseline using the published LEED 2009 rules. Such tH'lalysis shall include all en site building energy 

5 use, including exterier and security lighting, elewiters, all precess leads, and recepttlcle leads. 

6 ill f4f Renewable Energy. The LEED Project Administrator shall confer with 

7 SFPUC on renewable energy opportunities for municipal construction projects, including 

8 photovoltaics, solar hot water and wind power. Space allecatien tH'ld infrastructure for future 

9 rencwabk energy installatiens shall be included in municipal construction projects, as advised by 

1 O SFPUC, including but not limited te structural capacity, wiring conduits, supply tH'ld return piping, and 

11 contrel ·wiring. The LEED Project Administrator shall submit documentation verifying that 

') either: 

13 (A) The project meets LEED prerequisite EA 1 Energy Performance 

14 requirement and demonstrates compliance with Title 24. Part 6 California Energy Standards in effect 

15 at the time ofthe permit application; and At least 1 percent ofthc building's energy costs arc offset by 

16 en site r-encwabk energy generatien, achieving LEED credit EA 2, including any cembination 

17 . of phetavelteic, solar thcrnial, wind; biofuel based electrical systems, geothcnnal heating, geothcmial 

18 electric, wave, tidtll, or lew i'mpact hydroelectric systems, er as specified in Section 25741 e.fthe 

19 Celifornia Public Resources Cede; er, 

20 (B) The project includes a combination ofphotovoltaic and/or solar thermal 

21 area meeting the requirements o[San Francisco Green Building Code Chapter 5. Division 5.2. or 

22 demonstrates applicability of exceptions therein. In additien to meeting LEED prerequisite EA 1 
. l 

23 Energy PerfomitH'lcc requirement, achieve €H'l additional JOpercent compliance margin O',Jer Title 24, 

24 Pert 6, 2008 Californie Energy SttH'lderds, for a tot& complitH'lce margin ofat least 25pcrcent. 

5 
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1 {11 (§} Commissioning. The LEED Project Administrator shall submit . 

2 documentation verifying that the facility has been or will meet the criteria necessary to achieve 

3 LEED credit EA 3.0 (Enhanced Commissioning), in addition to LEED prerequisite EAp1 

4 (Fu11damental Commissioning of Building Energy Systems.) 

5 ill f6f Enhanced Refrigerant Management. The LEED Project Administrator 

6 shall submit documentation verifying that the project will reduce ozone depletion, while 

7 minimizing direct contribution to climate change, achieving LEED credit EA 4. 

8 @_ f7j Construction Debris Management. The LEED Project Administrator shall 

9 submit documentation verifying the diversion of a minimum of 75% percent of the project's 

1 O construction and demolition debris, as calculated to achieve LEED credit MR2.2. The project 

11 must also satisfyy- the requirements of Section 708 .. 

12 {]l f8f IAQ Management: During Construction. The LEED Project Administrator 

13 shall submit documentation verifying that the sponsoring City department has prepared and 

14 implemented an Indoor Air Quality Management Plan that achieves LEED credit EQ 3.1. This 

15 requirement includes meeting or exceeding the recommended Control Measures of the Sheet 

16 Metal and Air Conditioning National Contractors Association (SMACNA) IAQ Guidelines for 

17 Occupied Buildings under Construction, 2nd Edition 2007, ANSl-SMACNA OOS-2008 

18. (Chapter 3). 

19 {fil {9f IAQ Management: Before Occupancy. The LEED Project Administrator 

20 shall submit documentation verifying that the sponsoring City department has prepared and 

21 implemented an Indoor Air Quality Management Plan that achieves LEED cre~it EQ 3.2. 

22 ·{21 fJf)) Low Emitting Materials. The LEED Project Administrator shall submit 

23 documentation verifying that the project is using low-emitting materials, subject to onsite 

24 verification, achieving LEED credits EQ 4.1. EQ 4.2. EQ 4.3. and EQ 4.4 wherever applicable: 

25 
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1 (A) Adhesives, sealants and sealant primers shall achieve LEED credit 

2 EQ 4.1. including compliance with South Coast Air Quality Management District (SCAQMD) 

3 Rule #1168, amended January 7, 2005. 

4 (B) Interior paints and coatings applied on-site shall achieve LEED credit 

5 EQ 4.2. including: 

6 (i) Architectural paints and coatings shall meet the VOC content 

7 limits of Green Seal Standard GS-11 (1st Edition, 1993). 

8 (ii) Anti-corrosive and anti-rust paints applied to interior ferrous 

9 metal substrates shall not exceed the VOC content limit of qreen Seal Standard GC-03 (2nd 

1 O Edition, 1997) of 250 g/L 

11 (iii) Clear wood finishes, floor coatings, stains, primers, and 

'> shellacs applied to interior elements shall not exceed SCAQMD Rule 1113 (2004) VOC 

13 content limits. 

14 (C) Flooring systems shall achieve LEED credit EQ 4.3 Option 1. 

15 including: 

16 (i) Interior carpet shall meet the testing and product requirements 

17 ofthe Carpet and Rug Institute Green Label Plus program. 

18 (ii) Interior carpet cushioning shall meet the requirements of the 

19 Carpet and Rug Institute Green Label program. 

20 (iii) Hard surface flooring, including linoleum, laminate flooring, 

21 wood flooring, ceramic flooring, rubber flooring, and wall base shall be certified as compliant 

22 with the FloorScore standard, provided, however, that 100% percent reused or 100% percent 

23 post-consumer recycled hard surface flooring may be exempted from this LEED credit EQ 4.3 

24 requirement. Projects exercising this exemption for hard surface flooring shall otherwise be 

) eligible (or LEED credit EQ 4.3.) 
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1 (D) Interior composite wood and agrifiber products shall achieve LEED 

2 credit EQ 4.4 by containing no added urea formaldehyde resins. Interior and exterior 

3 hardwood plywood, particleboard, and medium density fiberboard composite wood products 

4 shall additionally meet California Air Resources Board Air Toxics Control Measure for 

5 Composite Wood (17 CCR 93120 et seq.), by or before the dates specified in those sections. 

6 (E) Project sponsors are encouraged to achieve LEED Pilot Credit 2: 

7 Persistent Bioaccumulative Toxic Chemicals Source Reduction: Dioxins and Halogenated 

8 Organic Compounds .. This standard is consistent with Environment Code Chapter 5: Non-PVC 

9 Plastics. 

1 O {lQ)_ fJ-1-f Indoor Chemical and Pollutant Source Control. The LEED Project 

11 Administrator shall submit documentation verifying that the project will minimize and control 

12 the entry of pollutants into buildings and later cross contamination of regularly occupied areas, 

13 achieving LEED credit EQ 5. 

14 

15 Section 7. Effective Date; Operative Date. This ordinance shall become effective 30 

16 days after enactment. Enactment occurs when the Mayor signs the ordinance, the Mayor 

17 returns the ordinance unsigned or does not sign the ordinance within-ten days of receiving it, 

18 or the Board of Supervisors overrides the Mayor's veto of the ordinance. This ordinance shall 

19 become operative on January 1, 2017. 

20 

21 Section 8. Transmittal to State Officials. The Clerk of the Board of Supervisors is 

22 hereby directed to transmit this ordinance, upon enactment, to the California Building 

23 Standards Commission for filing, pursuant to the applicable provisions of California law. 

24 

25 
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1 Section 9. Scope of Ordinance .. In ~nacting this ordinance, the Board of Supervisors 

2 intends to amend only those words, phrases, paragraphs, subsections, sections, articles, 

3 numbers, punctuation marks, charts, diagrams, or any other constituent parts of the Municipal 

4 Code that are explicitly shown in this ordinance as additions, deletions, Board amendment 

5 additions, and Board amendment deletions in accordance with the "Note" that appears under 

6 the official title of the ordinance. 

7 

8 

9 

10 

11 

) 

13 

14 

15 

16 

17 

APPROVED AS TO FORM: 
DENNIS J. HERRERA, City Attorney 

By: 
1 (}.,/' 

"' ,A_~.('~~ 
THOMAS·J. 0 EN 
Deputy>ehy Attorney 

7 

18 n:\legana\as2016\1600092\01095364.docx 

19 

20 

21 

22 

23 

24 
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FILE NO. 160154 

REVISED LEGISLATIVE DIGEST 

(Substitute Ordinance, 4/5/2016) 

[Green Building, Environment Codes - Better Roof Requirements for Renewable Energy 
Facilities] 

Ordinance amending the Green Building Code and the Environment Code to establish 
requirements for certain new building construction facilitating development of 
renewable energy facilities; updating provisions of the Green Building requirements for 
City buildings; setting an operative· date of January 1, 2017; providing findings as to 
local conditions pursuant to the California Health and Safety Code;. directing the Clerk 
of the Board of Supervisors to transmit the ordinance to appropriate State officials; and 
affirming the Planning Department's determination under the California Environmental 
Quality Act. 

Existing Law 

State law requires that certain new residential and nonresidential buildings set aside a 
"solar ready" portion of the roof equal to 15% of the total roof area. The solar ready area must 
be unshaded and free of obstructions, to allow that portion of the roof to be used for future 
installation of solar energy or heating systems. 

Amendments to Current Law 

The proposal is an ordinance that would amend the City's Environment and Green 
Building Codes t.o require a building owner to actually use the solar ready area of the roof for 
solar energy or heating systems. · 

Starting January 1, 2017, sponsors of new construction projects covered by the 
proposal would be required to calculate the required solar ready area for the project, and 
install on that area a combination of solar energy systems and/or solar heating systems. 

The requirement would apply to newly-construded residential buildings of 10 occupied 
floors or less, and newly-constructed nonresidential buildings of 10 occupied floors or less and 
2,000 square feet or more in gross floor area. 

The proposal would also update provisions of the Green Building requirements for City 
buildings. 

n:\legana\as2016\ 1600092\01095370.docx 
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Edwin M.Lee 
Mayor 

COMMISSION 

Angus McCarthy 
President 

Myrna Melgar 
Vice-President 

Kevin Clinch 
Gail Gilman 
John Konstin 
Frank lee 
Debra Walker 

Sonya Harris· 
Secretary· 

Tome.Hui 
Director 

BUILDING INSPECTION COMMISSION BIC) 

Department of Building Inspection Voice (415) 558-6164 -Fax (415) 558-6509 
1660 Mission Street, San Francisco, California 94103-2414 

March 22, 7016 

Ms. Angela Calvillo 
Clerk of the Board 

(REVISED LETTER - 03/22/16) 

Board of Supervisors, City Hall 
1 Dr. Carlton B. Goodlett Place, Room 244 
San Francisco, CA 94102-4694 

RE: File No. 1.60154 

Dear Ms. Calvillo: 

RE: Ordinance (File No. 160154) amending the Green Building Code 
and the Environment Code to establish requirements for certain new 
building construction facilitating development of renewable energy 
facilities; updating provisions of the Green Building requirements for 
City buildings; setting an operative date of January 1, 2017; providing 
findings as to local conditions pursuant to the California Health and 
Safety Code; directing the Clerk of the Board of Superviso~s to transmit 
the ordinance to appropriate State officials; affirming the Planning 
Department's determination under the California Environmental Quality 
Act; and making findings of consistency with the General Plan and the 
eight priority policies of Planning Code Section 101.1. 

The Building Inspection Commission met and held a public hearing on 
March 16, 2016 regarding File No. 160154 on the proposed amendment to 
the San Francisco Green Building and Environment Codes referenced 
above. The Commissioners voted unanimously to support this proposed 
amendment. · 

The Commissioners voted as follows: 

President McCarthy 
Commissioner Clinch 
Commissioner Konstin 
Commissioner Walker 

Yes Vice-President Melgar 
Yes ·Commissioner Gilman 
Yes Commissioner Lee 
Yes 

Ye$. 
Yes 
Yes 

Should you have any questions, please do not hesitate to call me at 558-6164. 
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Sincerely, 

~~ 
Sonya Harris 
Commission Secretary-

cc: Tom C. Hui, S.E, rnrector 
Supervisor Scott Wiener 
Board of Supervisors 
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BOAR)) of SUPlUlVISO'.RS 

February 261 2016 

City Hall 

San Frandsco 94102-4689 
Tel. No, 55""5184 
Fax No, 554--5163 

TDD/TTY No. 554-5.227 

File No. 16'0154 

Sarah J.ones 
Ehvironmental Review Officer 
Planning Department 
1650 Mission Street, Ste, 400 
San Francisco,. CA .94103 

Dear Ms·. Johes:. 

On February 23,. 2016, Superv'isorWiener introduced the following proposed legislation: 

File No. 160154 

Ordiriance atnehding the Green Building Code ahd the Environment Code to 
establish requirements for certaih n~w building constrµction .facilltating 
development of renewable energy facilities; updating provisions of the Green 
BL:Jilclin.g requirements for City buildings;· setting an operative date of January 1, 
2017~ providing findings as to local conditions pursuant to the California Health 
·and Safoty Code; directing the Cleik of the Boe\rd Of Supervisors to transmit. the 
Ordinance to appropriate State officials; affirming the Planning Deparf:mE?nt's· 
determination under the. California Environmental Quality Act; and making 
findings of consistency with the. General Plan, ahd the eight priority policies of 
Planning Code,. Section 101.1. 

·This legislation is being transmitted t<;> you for environmental review. 

Angela Calvillo, Clerk ·of the Board 

Ely: Afs!·tSf.:f :tClerK 
Land Use and Transportatron Committee 

Attachment 
Not considered a project under CEQA Sections 
15378 and 15060 (c) (2) because it does not 

c: Joy Navarrete, Environmental Planning 
Jeanie Poling, Environmental Planning 

result in a physical change in the 
environment. 

'. Digitally signed by Joy Navarrete 

J N 
· DN: cn=Joy Navarrete, o=Planning, oy avarrete ou=EnvlronmentalPlanning, . 

. -- emaR;;:joy.navarrete@sfgov.org, c=US 
. • Date: 2016.03.0412:25:40-08'00' 
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RESOLUTION FILE NO. 2016-04-COE RESOLUTION NO. 004-16-COE 

1 [Support of Better Roof Requirements for Renewable Energy Facilities Ordinance File 

2 Number: 160154] 

3 

4 Resolution urging the Board of Supervisors and the Mayor to adopt File 

5 Number 160154, an Ordinance amending the Green Building Code and the Environment 

6 Code to establish requirements for certain new building construction facilitating 

7 development of renewable energy facilities (Better Roofs Ordinance). 

8 WHEREAS, The City and County of San Francisco has a duty to protect the natural 

9 environment, the economy and the health of its citizens; and, 

10 WHEREAS, Recognizing that buildings define the urban environment of San Francisco 

11 and much of the community's environmental impact, San Francisco has created a 

12 comprehensive set of policy initiatives to improve the performance of new and existing 

13 buildings, which initiatives are regarded as among the most forward-thinking and effective 

14 policies in thE? world; and, 

15 WHEREAS, In the United States, buildings account for 70 percent of the electricity, 

16 40 percent of the raw materials, and 12 percent of the potable water and in San Francisco, 

17 56 percent of greenhouse-gas emissions are attributable to buildings; and, 

18 WHEREAS, The City and County of San Francisco is the second most densely 

19 populated City in the United States, and its rooftop space is a valuable resource that is 

20 currently underutilized; and, 

21 WHEREAS, The City and County of San Francisco has established a goal under Board 

22 of Supervisors Ordinance No. 81-08 to have a greenhouse gas-free electric system in place 

23 by the year 2030 and to reduce greenhouse gas emissions citywide to 40 percent below 1990 

24 levels by the year 2025 and 80 percent by the year 2050; and, 

25 

Commission on the Environment Pagel 
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RESOLUTION FILE NO. 2016-04-COE RESOLUTION NO. 004-16-COE 

1 WHEREAS, The City and County of San Francisco has a particular interest in reducing 

2 greenhouse· gas emissions that contribute to global warming because the City faces imminent 

3 effects of sea level rise; and, 

4 WHEREAS, Installing solar electric systems to comply with the Better Roof Ordinance 

5 on the 200 biggest projects in the development pipeline would avoid over 26,000 metric tons 

6 of carbon dioxide emissions over 25 years of operation; and, 

7 WHEREAS, The addition of solar panels to the energy portfolio in the City and County 

8 of San Francisco contributes to the City's resiliency against natural disasters; and, 

9 WHEREAS, Solar energy has become increasingly cost effective and economically 

10 desirable since the cost to install solar electric systems has declined by 5'1 percent between 

11 2008 and 2014 and with the installation activities having supported job creation; and, 

12 WHEREAS, Supervisor Scott Wiener introduced legislatipn that would amend the 

13 Green Building Code and the Environment Code to establish requirements for certain new 

14 building construction facilitating the installation of rooftop solar electric and solar water heating 

15 systems; now, therefore, be it, 

16 RESOLVED, That the Commission on the Environment urges the Board of Supervisors 

17 and the Mayor to adopt Supervisor Wiener's legislation to establish requirements for the 

18 installation of solar energy systems on certain new building construction; and, be it, 

19 FUTHER RESOLVED, That the Commission on the Environment recognizes that the 

20 Better Roofs Ordinance may help the City and County of San Francisco meet its goal of a 

21 greenhouse gas-free electric system by the year 2030. 

22 I hereby certify that this Resolution was adopted at the Commission on the 

23 Environment's Meeting on March 22, 2016. 

24 

25 

Commission on the Environment 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

RESOLUTION FILE NO. 2016-04-COE RESOLUTION NO. 004-16-COE 

Vote: 5-0 Approved 

Ayes: Commissioners Omotalade, Hoyos, Stephenson, Wald and Wan 

Noes: None 

Absent: Commissioner Bermejo 
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San Francisco Better Roofs Policy - Phase 1 

Department of Environment Staff Report 

California ntle 24 (2013) requires that a minimum of 153 of roof area in most new buildings (or 
250 square feet of roof area in new single family homes) must be "Solar Ready" - reserved for 
future installation of solar energy systems. Supervisor Weiner has sponsored a legislative proposal 
that would require that new buildings in San Francisco activate this solar ready area by installing 
solar electricity generation and/or solar thermal. The Department of Environment provides this 
report for both context and to inform discussion of cost-effectiveness of the proposed 
ordinance. 

Considerable research by the Planning Department, Environment, SFPUC, and the 2013 
"Greener and Better Roofs Roadmap" report from SPUR's Green Roof Task Force recognizes that 
- in addition to being a prime location for renewable energy resources - roofs can host 'green' 
or 'living roofs'· with many additional benefits such as reducing stormwater entering the sewer, 
enhancing biodiversity and habitat, sequestering carbon, capturing pollution, and connecting 
citizens with nature. Therefore, staff suggest that this policy be an initial phase of a larger effort to 
activate roofs: 

• Phase 1 - Require installation of solar energy systems in the 'Solar Ready' zone in new 
buildings (This ordinance) 

• Phase 2 - Add the option of living roofs, requiring the solar ready zone to be used for any 
combination of solar photovoltaics, solar thermal, and/or living roof in new buildings. 
(Under research by Planning and Environment) 

• Phase 3 - Maximize the public benefit of roofs, by activating the entire roof with any 
combination of solar energy systems, living roof, open space such as roof decks, after 
accommodating equipment code-requirements for fire access, skylights, and all similar 
considerations. 

1. Policy Snapshot 

Applicability: 

New residential, commercial and municipal buildings of 1 O occupied floors or less. Excludes 

data center and laboratory buildings. 

Minimum roof area allocated to Better Roof uses: 

Area equal to the Solar Ready Area specified in the California Energy Standards, which is 15 

percent of total roof area for multifamily and non-residential buildings, an'd 250 square feet 

for single family residential. 

Allowed Better Roof uses: 

Any combination of solar photovoltaic systems and solar thermal systems. 

City department roles: 

The Department of Building and Inspection will review project plans and inspect installations 

to verify compliance with all applicable codes. 

SAN FRAl'-ICISCO I 0 50 100 ROOTS CLIMATE ACTION " 
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2. Background 

The Department of Environment prepared the proposed Better Roof ordinance at the 
request of Supervisor Scott Weiner, and the Commission on the Environment. The ordinance 
builds on existing California's Title 24 Energy Standards which, since July 1, 2014, have 
required new residential and hotel buildings of 1 O floors or less, and new non-residential 
buildings of 3 floors or less, to be designed with a minimum area of roof space designated as 
"Solar Ready" if solar is not installed at time of construction.1 The area designated as the 
Solar Ready zone must be free of obstructions and shading that could interfere with 
installation or performance of a future solar energy system. Shading by existing structures and 
objects reduces these requirements accordingly. 

3. Requirements 

The Better Roof ordinance first requires the calculation of the Solar Ready area required 
under California Title 24 Part 6 Building Energy Standards. This area is equal to 15 percent of 
total roof area for residential buildings of 10 floors or less and 250 square feet for single family 
homes. The ordinance extends applicability of the Solar Ready requirement to all non­
residential buildings of 1 O floors or less, requiring a Solar Ready area equal to 15 percent of 
total roof area. Under this ordinance, the Solar Ready zone must be put to productive use 
by installing solar energy systems at time of construction, which is reasonable because solar 
photovoltaics and solar thermal are generally cost-effective (see Cost-Effectiveness section 
of this report). Eligible systems include solar photovoltaic systems, solar water heating 
systems, or any combination. Where a building is shaded by existing structures and objects, 
the Title 24 solar ready requirement and San Francisco's solar installation requirement are 
reduced accordingly. 

The ordinance includes minimum performance requirements for sol.or photovoltaics and solar 
hot water systems to ensure that solar collectors are laid out for effective energy production 
in the Better Roof area. Photovoltaic systems must be designed with at least 1 O Watts of 
rated DC nameplate capacity per square foot of Better Roof area dedicqted to those 
systems. Solar water heating systems must be designed to generate annually 100 kB tu of 
thermal energy per square foot of Better Roof area dedicated to those systems. 

The Better Roof ordinance applies to all newly constructed single-family homes, and newly 
constructed residential and non-residential buildings with 1 O occupied floors or less. The 
ordinance refers to the number of occupied floors rather than building height for purposes of 
consistency with Title 24 Solar Ready requirement, and to simplify Phases 2.and 3 - where the 
California Building Code and San Francisco Planning Code each define different ways of 
calculating the height of a building. These are the same building types that are currently 
subject to the statewide Solar Ready requirement - with three exceptions: 

i California Code of Regulations, ntle 24 (2013), Part 6, Section 110. l 0. 
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• ntle 24 Solar Ready requirements apply only to single family residential in 
developments of at least 1 O new homes, whereas the Better Roof ordinance applies 
to all single family homes. 

• Title 24 Solar Ready requirements apply to new non-residential buildings of 3 floors or 
less, and to new multifamily and hotels of 1 O floors or less. The Better Roof ordinance 
applies to new non-residential and all new residential buildings that are not high-rise 
as defined by California Building Code Section 202. 

• Title 24 Solar Ready requirements apply to all new non-residential occupancy types, 
while the Better Roof ordinance doe.s not apply to buildings that are primarily 
laboratory or data center occupancy. 

4. Policy objectives 

Since 2010, San Francisco's Green Building Code has had a modest renewable energy· 
requirement for new commercial buildings larger than 25,000 square feet, which can be met 
one of three ways: install on-site renewable energy systems sufficient to meet 13 of total 
annual energy cost, purchase Renewable Energy Certificates (RECs) for power generated 
off-site, or improve efficiency 103 beyond Title 24 (in addition to meeting any other 
applicable energy efficiency requirements.) This requirement is often met with purchase of 
RECs. Since 2014, California Energy Standards have required solar-ready building design, but 
not installation of solar. Requiring on-site solar generation at time of construction advances 
these existing policies to provide the near-term impact necessary to help San Francisco 
achieve its greenhouse gas reduction targets and goal of 100 percent renewable energy. 
On-site solar generation also provides energy cost savings. Today, solar photovoltaic systems 
are often installed voluntarily by the building owner for long term cost savings, to meet 
sustainability goals, and/or to achieve a green building certification. Solar water heating 
systems are often installed on new affordable multifamily residential properties with central 
domestic hot water heating systems in order to comply with energy efficiency requirements 
of Title 24, San Francisco Green Building Code, and financing providers. 

Subsequent phases of Better Roofs will give the building designer the flexibility to choose the 
best combination of solar photovoltaic, solar water heating and living roof systems to 
maximize benefit based on location and building program. 

5. Precedent 

Since 2013, three California.cities, Lancaster, Sebastopol, and Santa Monica, have adopted 
requirements to instal! a minimum amount of solar photovoltaics on new buildings. These 
cities are each considerably less dense than San Francisco. Under this Better Roof ordinance, 
San Francisco would be the first major US city to require solar on new buildings. 

Similarly, major U.S. cities including Chicago, Washington DC, and Portland require living 
roofs on certain new buildings. Subsequent phases affording solar and living roof options 
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entail both a more flexible approach and extension to a wider array of building 
occupancies and sizes than any other community to date. 

6. Solar Cost-effectiveness 

Department of Environment has completed cost effectiveness analysis of solar photovoltaics. 
ARUP Engineers performed cost effectiveness analysis of living roofs on behalf of the Planning 
Department and Environment. This section summarizes the analyses and results. 

6.1. Process 
To determine the cost-effectiveness of the proposed ordinance, two studies evaluated 
the costs and benefits of two paths to comply with the ordinance: l) entirely via 
photovoltaics, 2 and 2) exclusively via a living roof. 3 Solar water heating was not · 
separately evaluated because as a practical matter such systems are limited to buildings 
with high hot water consumption, and are likely to be installed for their benefits and to 
fulfill multiple compliance obligations. For example, in multifamily housing with central 
water heating, solar water heating is often installed to rneet San Francisco Green Building 
Code energy efficiency requirements. Such a system would also contribute to 
compliance with the Better Roof ordinance. 

The financial analyses considered costs and benefits over a 25-year period. Results are 
shown in net present value, after discounting future cash flows. 

6.2. Analysis 
To understand the implications of solar energy as a compliance option, the cost­
effectiveness of meeting the proposed Better Roof requirement e.ntirely with 
photovoltaics was studied. A variety of building types and uses were modeled, from 
single-family homes to high-rise office. 

The analysis assumed that the building owner paid all costs and derived all benefits from 
the photovoltaic system. The federal solar Investment Tax Credit (ITC) was assumed to be 
the only financial incentive available. The ITC provides a on~-time credit of 30 percent of 
photovoltaic system cost against the income taxes owed by the owner, and was 
recently extended by Congress to apply to systems installed before the end 2019. In its 
current form, the credit drops to 263 in 2020, 223 in 2021, and drops 'permanently' to 
103 for commercial and 03 for residential for systems installed in 2022 or thereafter. 

The solar financial analysis considered costs and benefits over a 25-year period. Costs 
included the one-time costs to design, purchase and install the photovoltsiic system, as 
well as the ongoing costs of financing, operation, maintenance and insurance. The 
photovoltaic system was assumed to be financed as part of the overall building 

2 Ari Halberstadt, Report on Cost-Effectiveness and Other Analyses for Proposed Solar.Ordinance, 2014. 
3 ARUP, Sqm Francisco Living Roof Cost-Benefit Study Summary Report, 2015. 
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construction project, so that one-time costs were paid over time as loan payments. 
Benefits included the ongoing value of solar electricity generated (it was assumed that 
the solar electricity directly reduced the electricity purchased from the utility by the 
owner), and the net reduction to the owner's federal and state taxes owed. 

Conservative values were used for all inputs to the model, based on San Francisco data 
when available and on national data when necessary. A sensitivity analysis was then 
performed to evaluate the effect of different input values on the cost-effectiveness. 

6.3. Results 

The analysis shows that installing photovoltaics to comply with the proposed Better Roof 
ordinance is cost-effective for all building types with today's input values, summarized in 
Table l. When the benefits over the life of the system are discounted to account for time 
and divided by the costs, a ratio of 1.0 indicates the action is cost-effective. Cost­
effectiveness is expected to improve over time as the industry has a long term trend of 
decreasing costs and increasing energy production per unit; from 2008 to 2014, the 
installed cost of photovoltaics declined by 553.4 

The most common method of financing photovoltaic systems today is through third-party 
ownership. Though third-party ownership was not analyzed in the study, it is demonstrably 
cost-effective because the third-party is a for-profit business. Under the third-party 
ownership model a solar leasing company will purchase, install, operate and maintain 
the photovoltaic system for 20 or more years. The solar electricity is used in the building 

. for the benefit of the building owner or tenants. The building owner incurs no up-front 
costs, and instead makes recurring payments to the solar leasing company in exchange 
for use of the solar electricity. The owner's payments to the solar company are less than 
the avoided electricity payments to the utility, making this option clearly cost-effective 
for owner-occupied buildings. 

The avoided emissions resulting from the clean electricity generated by photovoltaic 
systems is· a benefit to the broader community that was not factored into the cost­
effectiveness calculation. The aggregate impact of installing photovoltaics to minimally 
comply with the proposed Better Roof ordinance on all 200 major new construction 
projects in San Francisco Planning Department's project pipeline as of third quarter 2014 
would be to avoid over 26,000 metric tons of carbon dioxide emissions per year. 

Table 1. Benefit-to-cost ratios of photovoltaic systems on representative building types. 
Values greater than or equal to 1.0 indicate cost-effectiveness. 

I Building type I Benefit-to-cost ratio 

4 LBNL (2015) Tracking the Sun VJ//, Installed Price of Residential and Non-Residential Photovoltaic Systems. 
https://emp.lbl.qov/sites/all/fi/es/lbn/-188238 1.pdf 
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Single-family residential 1.95 

Multifamily residential 1.69 

Warehouse 1.20 

Small restaurant 1.21 

Small office 1.10 

Large office 1.17 

Medium retail 1.09 

Large retail 1.09 

6.4. Living· roof analysis 

ARUP engineers analyzed the cost-effectiveness of a possible future compliance option: 
meeting the proposed Better Roof requirement entirely with a living roof that uses 6 
inches of lightweight media with native and adapted plants. The analysis included two 
building types of similar size that are good candidates for living roof: medium 
commercial and small multifamily. The costs and benefits of the living roof were 
compared to the costs and benefits of a baseline membrane roof with cool white 
coating that is a requirement for prescriptive compliance with California Title 24 Part. 6 
(2013) for most building types in the CEC's "Climate Zone 3", which includes all of San 
Francisco. In both the living roof and baseline case, the building was required to comply 
with San Francisco's Stormwater Management Ordinance. 

Costs and benefits of the living roof are over the 25-year period are presented as those 
net of the costs and benefits of the baseline roof. In addition to initial installation costs, 
recurring costs of maintenance, irrigation, and reroofing were evaluated. Benefits 
included the avoided one-time cost of installing stormwater management equipment 
that would be required if not for the living roof, as well as ongoing benefits of energy 
savings, carbon abatement, heat island mitigation, air quality improvement, noise 
abatement, habitat addition, productivity increase based on biophilic effect, job 
creation and increased real estate value. The methodology applied by ARUP was based 
in large part on prior work for the US General Services Administration.s 

5 ARUP, Benefits and Challenges of Green Roofs on Public and Commercial Buildings, 2011. 

~~1~1~~2~~6~ I 050100 ROOTS 
Printed on 1 00% post-consumer recycled paper: 

3618 



Living root data from San Francisco were used in the financial analysis, and 
supplemented with national data when necessary. Local data were afforded greater 
weight in all calculations. 

6.5. Living roof results 

The analysis found that a living roof provides net financial benefit to the building owner, 
while providing significant additional benefit to tenants, and the broader community. 
The largest cost of a living roof- the one-time installation cost - is largely offset by the 
avoided one-time stormwater management equipment costs that would be incurred 
with the baseline roof. Both of these one-time costs and benefits accrue directly to the 
building owner. 

Figure 1. Costs and benefits accrued to project stakeholders in dollars per square foot of 
living roof, net present value over 25-year period. 
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•Energy Costs 

Blophllla [measured in ptoduotlVlty/absenteelsm) 

Community 
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· The largest potential benefit is added real estate value, which also accrues to the 
building owner: Added real estate value may be realized in the form of faster tenant 
recruitment and longer retention, risk reduction, higher rent, and increased net operating 
income (NOi) due to operating expense savings. However, even in the absence of these 
benefits, which are well documented, the living roof was found to be cost-neutral. 
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Figure 1 shows the net costs and net benefits of the living roof compared to the baseline 
roof for the range of the stakeholders in development: own.er, owner & occupier, tenant, 
and the community. Excluding benefits to real estate value, benefit t6 the owner were 
found to offset the costs. The net impact is greater for an owner-occupied building in 
which the owner benefits from energy savings and biophilic effects. Two examples of 
these biophilic effects that enhance real estate economics include improved ability of 
businesses to attract and retain talent, as well as ample evidence of improved . . 

productivity for employees expqsed to nature at the workplace. This analysis does not 
rely on such effects, but their value is considerable and ARUP's literature review provides 
ample documentation that such effects have been realized in many similar contexts. 

6.6. Initial construction cost 

Analyses by ARUP Engineers and consultant to Department of Environment Ari 
Halberstadt demonstrate that photovoltaics and living roofs are both cost effective in the 
context of current market prices and conservatively calculated long term benefits. The 
initial cost of each technology depends on location and financing. It is possible to install 
either technology in compliance with a Better Roofs ordinance with no increase in 
construction cost compared to compliance with existing requirements: 

• In dense urban areas where due to real estate economics and land use 
regulations, 'zero lot line' structures (i.e. buildings that occupy the entire parcel) 
are favored, a well-designed living roof may be the primary BMP for compliance 
with SFPUC Stormwater Requirements. A living roof may in certain uses and 
locations be additionally designed to provide accessible open space to 
occupants. In either of these circumstances, compliance with existing 
regulations, zoning, and area plans is already a feature of project cost. 

• More than 753 of solar photovoltaic systems installed in California utilize a Power 
Purchase Agreement (PPA) contract6 where a third party owns the system and 
sells power at a predetermined price (generally below market rate utility tariffs). 
In PP As for roof-mounted solar, the customer is generally the building owner or 
occupants. Under a PPA, capital costs of solar power are entirely borne by the 
third party. 

Similarly, the legislation enabling San Francisco's Property Assessed Clean Energy 
(PACE) financing program, GreenFinanceSF, allows for financing eligible systems 
in new construction. Under this approach, avoided energy costs can provide the 
cash flow for financing eligible systems, which include solar photovoltaics, solar 
hot water, and living roofs. 

• It is common for developers of new affordable multifamily housing to install solar 
hot water heating - primarily to comply with lender financing requirements that 

6 US Department of Energy EERE (2012) http://apps3.eere.energy.gov/greenpower/onsite/solar financing.shtml 
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are intended to minimize utility cost for residents, but this approach also 
contributes to compliance with current energy codes. 

For these reasons, analyses of costs and benefits over the life of the building, such as 
those discussed in the prior section, provide a more reasonable picture of the impacts of 
this ordinance than looking at first costs in isolation. We provide the following review of 
first costs in order to make a recommendation about the ratio between living roof and 
solar as uses of roof area. 

Table 2. Photovoltaic cost per unit area and power density 

Average Cost 
PV Installed Cost7 (dollars per square foot of solar 

System size (dollars per watt) collector) 

<lOkW $ 5.32 $ 106.09 

>=10 kW $ 4.32 $ 86.15 

Table 3. Photovoltaic power density (wattage/sq ft) 

Panel wattage Panel size PV DC rated watts Roof square feet 
(DC rated watts) (square feet) per square foot per kilowatt PV 

345 17.3 19.9 50.l 

Table 4. Ratio of first cost: solar photovoltaics vs. living roof 

Cost per 
Cost per- square 

Minimum PV system square foot of Cost Ratio 
Roof Better Roof size (DC System foot of Living (PV: Living 

Building Type size area (ft2) rated kW) cost PV Roof roof) 

2cUnit 
Residential 2000 250 4.99 $26,523 $106 3.4 
Residential 
Mid-rise 10000 1500 29.9 $129,225 $86 $32 2.7 

Commercial 10000 ·1500 29.9 $129,225 $86 2.7 

Table 5. Example Estimated Cost Per Gross Square Foot of Building Floor Area 

7 CA Solar Statistics (2015) https://www.californiasolarstatistics.ca.gov/ Data collected February 1, 2015. 
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$uilding Type · Flobrs '. Flobr Area . floor area . . .floor area .. · 
2-Unit 
Residential 2 4000 $6.63 $3.94 
Residential 
Mid-rise 8 80000 $1.62 $1.18 

Commercial 8 80000 $1.62 $1.18 

Conclusion 
Compliance with the proposed Better Roof ordinance via either a living roof or solar 
photovoltaics is cost-effective. The analyses showed that for both living roofs and 
photovoltaics, when all costs and benefits are combined and accrue over a 25-year 
period, the costs to the building owner are more than offset by the benefits. Solar water 
heating remains a third compliance option for the proposed Better Roof ordinance in 
cases where it is cost-effective, as is often the case today in affordable multifamily 
housing. 

Beyond the traditional financial equation for the building owner, these productive uses of 
the roof also offer significant value to the broader San Francisco community such as. 
improved views from neighboring buildings, improved urban air quality and carbon. 
emissions reductions. 

Report authors: Kacia Brockman and Barry Hooper, San Francisco Department of Environment 
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1 Executive Summary 
The San Francisco Department of the Environment is exploring the possibility of an ordinance that would 

require installation of photovoltaic systems on newly constructed residential and commercial buildings. 

The Department commissioned this study to inform its work and to provide supporting documentation 

to the California Energy Commission for approval of the ordinance. 

This study examined several main outcomes: 

1. The cost-effectiveness of rooftop photovoltaic systems installed on newly constructed 

residential and commercial buildings in the City and County of San Francisco. 

2. The effects of different input values on the outcome were studied using a sensitivity analysis. 

3. The potential impact on carbon emissions. 

4. Aggregate city-wide effects. 

This executive summary will give an overview of the study's framework and will then summarize the 

results of the above analyses. 

1.1 Framework 
This study analyzed outcomes in two future years: 2015 and 2017. The year 2015 was selected because 

it is the earliest year in which the ordinance could come into effect. The second year, 2017, was selected 

due to the expected reduction in the federal investment tax credit, which is a significant factor affecting 

the cost of photovoltaic systems. The credit will be 30% through 2016, but in 2017 the credit is expected 

to be reduced to 10% for commercial systems and eliminated for residential systems. 

A few main assumptions guided this study: 

• The roof area available for a photovoltaic system would correspond to the solar ready area 

·required by California's building energy code, which is 250 ft2 for single-family residential 

buildings or 15% of roof area for most commercial buildings. 

• A single owner would derive the full benefits, and pay the full costs, associated with a 

photovoltaic system. 

• The only incentive available would be the federal investment tax credit. 

Further assumptions are described in this report as appropriate. 

This study modeled projects in several prototypical building models. Different building models were 

used to represent types of buildings that may be encountered in San Francisco. The building models 

specify physical features of the buildings and the end uses of the occupied space, for instance, hotel or 

office. This information was used to estimate energy usage in the buildings and to provide a constraint 

on the size of the photovoltaic systems that could be installed on each building. 

A variety of additional parameters were needed to specify the modeled projects, including: 

• general parameters specifying the location and analysis period; 
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• parameters affecting initial purchase cost and ongoing maintenance costs of the photovoltaic 

systems; 

• parameters specifying the performance of the photovoltaic systems; 

• financial parameters, including debt terms, taxes, insurance, inflation, discount rate, incentives, 

and depreciation; 

• utility rates and annual escalation rates. 

Appropriate values for the parameters were researched and were used to specify a reference scenario. 

These parameters are discussed in further detail in this report. 

This report is divided into several main sections, described briefly below. 

Section 2, Introduction, discusses the basis for the study, the cost-effectiveness evaluation framework, 

considerations due to uncertainty in input parameter values and simulation results, main assumptions 

associated with the study, and the general modeling framework and tools used for the study. 

Section 3, Building Models and Projects, discusses the various building models and photovoltaic systems 

associated with each building model. This section includes information on the energy consumption of 

the building models and the photovoltaic systems' sizes. 

Section 4, Input Parameters, discusses in detail the input parameters used in the study. This section 

includes the methodology used to forecast future photovoltaic system costs, and discusses the values 

used for photovoltaic system performance, financial parameters, and utility rates. 

Section 5, Results, presents the results of the analyses. The results section includes the results of the 

cost-effectiveness analysis, discussion of a sample cash flow, results of the sensitivity analysis, estimated 

per-project carbon emissions impacts, and estimated additional building costs for installation of a 

photovoltaic system. Section 5.6, Aggregate Results, presents an analysis of the potential effects had 

the proposed systems been installed in all relevant buildings currently in San Francisco's building 

pipeline. 

1.2 Cost Effectiveness 
A project is considered to be cost-effective if its benefits are greater than its costs. This study used a 

participant cost test, which considers the benefits and costs to a participant in a project. The 

participants considered were the owners of newly constructed buildings with rooftop solar photovoltaic 

systems that provide electric energy which is consumed on-site. 

Ari Halberstadt Saved 12/31/2014 9:31:00 PM 

3628 



SFE Solar Ordinance Report Page 7 of 56 

The figure below shows the main results of the cost-effectiveness analysis. 
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Figure 1 Results of cost-effectiveness analysis. The vertical axis shows the ratio of benefits to costs. The 
results shown are for the reference scenario; additional scenarios were also analyzed. {SFR=single-family 
residential, MF=multifamily, SFR-Ll=single-family low income, Whse=warehouse, MFC=multifamily 
common area, RstntSmall=small restaurant, Offlrg=large office, OffMed=medium office, Ret/Lrg=large 
retail, Ret/Med=medium retail, Hotel=smal/ hotel, OffSml=small office.) 

The benefit-to-cost ratios, shown in the figure above, could be interpreted as precise single values. 

When interpreted in this manner, a ratio greater than 1.0 would indicate that the outcome is cost­

effective, while a ratio less than 1.0 would indicate that the outcome is not cost-effective. With this 

interpretation, the proposed solar requirement is cost-effective for nearly all projects installed in 2015, 

except for single-family low income households. The requirement, however, is cost-effective for only 

some projects installed in 2017; it is not cost-effective for the medium office, large retail, medium retail, 

small hotel, and small office building models. 

Alternatively, the benefit-to-cost ratios could be interpreted as point estimates drawn from a population 

of possible values having some probability distribution. This interpretation is more representative of the 

uncertainty inherent in forecasting future conditions. However, interpretation of the results when 

considering uncertainty is less clear cut, since the results could take on a range values, depending on the 

possible input values and modeling assumptions. It is possible, though, to make some inferences about 

the likelihood of a result indicating cost-effectiveness. The greater the difference of a result from the' 

cost-effectiveness threshold, the more likely it is that the result represents a true outcome (cost­

effective or not cost-effective). The results in Figure 1 above are ordered from left to right in decreasing 

benefit-to-cost ratio for the year 2015. Thus, the results that are closer to the left end of the charts 

represent a higher likelihood of a cost-effective outcome than the results that are closer to the right end 

of the charts. The single-family and multifamily building models, with benefit-to-cost ratios above 1.6, 

are most likely to be cost-effective. For the commercial building models, the order of likelihood of cost­

effectiveness for projects installed in 2015 is: warehouse, multifamily common, small restaurant, large 

office, medium office, large retail, medium retail, small hotel, and small office. The results for 2017 have 

essentially the same order of decreasing cost-effectiveness, except that all of the commercial projects 

are less cost effective than in 2015, and the small hotel is less cost-effective than the small office. 
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1.3 Sensitivity Analysis 
A sensitivity analysis was done to gauge the effect of varying the values of several input parameters. 

Performing simulations while varying input parameters over reasonable expected ranges helps explore 

the sensitivity of the outcomes to particular choices of values. This also provides insight into the range of 

outcomes that could be encountered in real-world projects. The effects of variation of individual 

parameters are summarized below. Additional analysis was done by constructing scenarios in which the 

values of multiple input parameters were varied together; these results can be found in the detailed 

results in section 5.1, Cost Effectiveness, on page 35 .. 

Overall results of the sensitivity analysis are shown in Figure 2 below. This figure shows the average 

decrease or increase in the benefit-to-cost ratio relative to the reference scenario, as well as the 

minimum and maximum change. The simulation results for all buildings in both modeled years (2015 

and 2017) were combined to calculate these summary values. The results were then sorted in 

decreasing order of average range of effect. 

Debt fraction had the largest average impact on the ratio, followed by the cost per watt, and then debt 

rate. The cost per watt and debt rate both have a significant impact on the cost of owning a photovoltaic 

system. Azimuth (compass orientation) and availability resulted in decreased ratios, which was. expecte? 

given that 100% availability and a near-optimal azimuth were assumed in the reference scenario, so that 

any change in those values could only reduce the benefits of the system. The.ratio varied the least due 

to changes in federal tax rate, discount rate, and system size. The small change in the ratio due to 

varying system size suggests that systems could be sized to occupy more or less of the roof area, not just 

the 250 ft2 or15% of roof area that were assumed for this study, without too great an effect on cost­

effectiveness. 

Debt fraction 

Cost per watt 

Debt rate 

Azimuth 

Availability 

Federal tax 

Discount rate 

Size 
~. . . 

-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0 
Change from baseline 

Figure 2 Sensitivity analysis results showing the average decrease or increase in the benefit-to-cost ratio 
relative to the reference scenario as well as the minimum and maximum change. 
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1.4 Carbon Emissions Impact 
An analysis was done of the potential carbon emission reductions for each individual project (see figure 

below). Lifetime avoided emissions ranged from 5.7 to 2,150 metric tons C02 (MT C02) for projects 

installed in 2015. Avoided emissions depended on year of installation and were proportional to system 

size. Each 1 kW of photovoltaic capacity installed in 2015 could avoid emissions of 3.6 MT C02. A larger 

system offsetting a small portion of a building's electric energy consumption could have a greater impact 

on carbon emissions than a smaller system offsetting a large portion of consumption. This can be seen in 

the results for the warehouse (Whse) versus the large retail building models (Retllrg) in the figure 

below. A 95 kW photovoltaic system on the warehouse building model could offset 94% of electric 

energy consumption in the building over the typical 25 year lifetime of the photovoltaic system. This 

would result in an estimated 306 MT C02 in avoided emissions. In contrast, a 600+ kW photovoltaic 

system on the large retail building model could offset just 44% of the building's electric energy 

consumption, but would avoid 7 times more emissions, or 2,153 MT C02. 

System size, energy offset, and avoided emissions 
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Figure 3 System size, electrical energy offset, and avoided emissions of projects installed in 2015. The 
sizes of the circles are proportional to the amount of avoided carbon emissions over the lifetime of the 
projects, while the numbers in parentheses give the estimated amounts of avoided emissions. 

1.5 Aggregate Results 
An analysis of aggregate results was done to estimate overall potential effects of the proposed 

ordinance. San Francisco's development pipeline, which tracks buildings for which permits have been 

applied for and for which construction has not been completed, was analyzed for the years 2008-2014. If 

all 200 of the analyzed projects were to install solar photovoltaic systems on 15% of their roof area, they 

would generate 10.5 GWh/yr of electricity, offsetting 16% of the projects' energy consumption over the 

lifetime of the photovoltaic panels. Assuming installation in 2015, they would also avoid 26.3 MT of C02 

emissions over the projects' lifetimes. Stated another way, 15% of the rooftops of the relevant buildings 
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in the city's building pipeline represent 434,000 square feet of potential solar area, or nearly 10 acres. 

This is sufficient area to install a total of almost 7.4 MW of solar generating capacity, providing 10.5 

GWh of electric energy per year. 
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2 Introduction 
The Commission on the Environment of the City and County of San Francisco passed resolution 009-14-
COE in July 2014 supporting development of policies by the Department of the Environment "that would 

require the inclusion of solar energy systems on newly constructed buildings" (COE 2014). As part of its 
policy work, the Department has explored the possibility of an ordinance that would require 

photovoltaic systems on newly constructed residential and commercial buildings. 

The Department sought to study the cost-effectiveness and other aspects of requiring photovoltaic 

systems in all new residential and commercial construction in the city. An ordinance that would require 

photovoltaic systems on buildings would require approval by the California Energy Commission (CEC). 
The CEC requires, as part of the approval process, that the city provide "findings and supporting analyses 

on the energy savings and cost effectiveness ofthe proposed energy standards" (CEC 2014). The 

Department commissioned this study to inform its work and to provide supporting documentation to 

the California Energy Commission for approval of the ordinance. 

This study examined the cost-effectiveness of rooftop photovoltaic systems installed on newly 

constructed buildings in the City and County of San Francisco (CCSF). In addition, this study performed 
sensitivity analyses to assess alternative system sizes and the effects of different input values, evaluated 

the potential impact on carbon emissions, and estimated aggregate city-wide effects. 

2.1 Cost Effectiveness 
A project is considered to be cost-effective if its benefits are greater than its costs. This study used a 

participant cost test (PCT), which considers the benefits and costs to a participant in a project. The 

participants considered were the owners of newly constructed buildings with rooftop solar photovoltaic 

systems that provide electric energy which is consumed on-site. The components of the benefits and 

costs used in this study were consistent with those specified in California's Standard Practice Manual 

(OPR 2002). 

The benefits to the participants were defined as the sum of: 

• the value of the electricity generated by a photovoltaic system 

• federal tax savings 

• state tax savings 

For residential systems, the federal tax savings consist of the Investment Tax Credit (ITC) and home 

mortgage deduction. For commercial systems, federal and state tax savings include accelerated 

depreciation and tax deductions due to expenses related to paying for and operating the system. 
Federal tax savings for commercial systems also include the value of the ITC. The cost of electricity to a 

commercial entity is normally deductible from its taxes. A photovoltaic system, however, reduces 

expenditure on electricity, and thus also reduces the tax deduction. Therefore, for commercial entities, 

the value of the generated electricity is reduced by the lost tax deduction. 

The costs were defined as the sum of: 
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• purchase cost 

• debt repayment (principal and interest) 

• operation and maintenance expenditures 

• insurance costs 

All costs and benefits were discounted back to the initial project year using a nominal discount rate 

before the benefit-to-cost ratios were calculated. 

Equation 1 shows the calculation ofthe benefit-to-cost ratio (BCR): 

BCR = B/C 

B = EV after tax + TSfederal + TSstate 

C = Co+M + Cinsurance + Cdebt 

{ 

EV if residential 
EVafter tax = · · EVenergy x ( 1 - TReffective) if commercial 

BCR 

·B 

EVaftertax 

EV 

TS federal 

TS state 

TReffective 

c 
Co+M 

Cinsurance 

Benefit-to-cost ratio 

Sum of benefits to participant 

· After-tax value of generated energy 

Before-tax value of generated energy 

Federal tax savings 

State tax savings 

Effective tax rate 

Sum of costs to participant 

Operations and maintenance costs 

Insurance costs 

Debt repayment costs (principal and interest) 

Equation 1 Calculation of benefit-to-cost ratio. 

2.2 Uncertainty 
The results of this study depend on a variety of inputs and modeling assumptions with a range of 

possible values and approaches. No single benefit-to-cost ratio can represent all potential scenarios. 

There is uncertainty and variability in the value of all of the input parameters. This uncertainty is 

magnified when dealing with projections of future conditions. For instance, the cost of purchasing a 

photovoltaic system depends on a variety of factors, including overall price trends and project and 

installer characteristics. Some of these factors depend on project characteristics, such as size, shading, 

and orientation of roof, which would affect the performance of a photovoltaic system. Other factors 

depend on global and local economic trends, such as debt-finance rates and solar panel costs. 
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Several approaches were taken in this study to address these limitations1
. First, the values of the input 

parameters were chosen to reasonably reflect expected real-world conditions. Second, a variety of 
building models were used to represent some of the variability that is due to different energy 
consumption patterns and physical constraints. Third, approved and widely used software was used to 
generate the results. Fourth, sensitivity analyses were performed by varying the values of several 
parameters that were considered likely to affect the benefit-to-cost ratio. Fifth, the presentation of the 

results is meant to convey some of the range of uncertainty in this study. 

2.3 ,Primary Assumptions 
It was assumed that a single entity derives the full benefits, and pays the full costs, associated with 
owning and operating the modeled photovoltaic systems. This assumption is correct only for some 
situations. For instance, this assumption is accurate for a photovoltaic system installed on a single-family 
residence that is owner occupied, and where the system was purchased by the owner of the home. This 
assumption is not accurate when describing buildings with separately metered tenants who are not the 
owners of the photovoltaic system. In this situatio.n, the owner of the photovoltaic system pays the cost 
of owning and operating the system. The owner should also benefit from tax deductions associated with 
paying for the system and from tax credits for installing the system. However, the owner would only 
benefit from the portion of energy used for common areas and owner-occupied areas. Excess 

generation would receive, at best, only relatively low net surplus compensation rates. 

The analysis under the single-owner assumption could show whether it is cost-effective to install a 
photovoltaic system. Whether it is cost-effective for other cost/benefit allocation arrangements would 
depend on how those arrangements function and the extent to which any added overhead can be 
covered by the overall benefits of the system. There are some mechanisms, such as virtual net metering, 
that would allow tenants to benefit from reduced energy costs on their electric bills as a result of 
renewable generation. These alternative mechanisms, however, would not necessarily benefit the 
system's owner. It is possible that a third-party owned system could address these limitations, though 
such systems generally have higher costs (Barbour et al 2013). 

This study is limited to exploring building models and photovoltaic systems. No actual project is 
modeled. Instead, this study examined a variety of prototypical buildings that were representative of 
some buildings in San Francisco, and which could therefore provide information to support work on the 
proposed ordinance. In addition, the building models were treated as single-use structures. Thus, for 
instance, the multifamily building model is treated as containing residential units only. Similarly, the 
large office building model is treated as if it were used only for typical office activities. In contrast, 
mixed-use buildings in San Francisco are not uncommon. These buildings could have a variety of uses, 
such as retail, residential, and office. Mixed-use buildings would have a different electric load profile 
compared to single use buildings, and this would affect the amount and timing of energy consumed as 

well as the value of that energy. 

1 Additional approaches, which were outside the scope of this study, could use statistical methods, such as Monte 
Carlo simulations, to model system and financial performance. 
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It was assumed that the only incentive available would be the federal ITC. Several state and local 

incentive programs were assumed to not be applicable for systems installed under the proposed 

ordinance. The California Solar Initiative (CSI) has provided incentives in past years for photovoltaic 

system installations (CSI 2014a). The CSI program, however, is not accepting new applications, and 

therefore would not apply to projects built in the future. CSl's Multifamily Affordable Solar Housing 

(MASH) program is also closed to new applications (MASH 2014). The California New Solar Homes 

Partnership (NSHP) program was assumed to be unavailable (NSHP 2014). Finally, following initial 

stakeholder feedback, it was assumed that San Francisco's GoSolarSF incentive program would also not 

be extended to include projects that would be required under the proposed ordinance (SFPUC 2014). 

2.4 Modeling Framework 
Analyses were performed for two future years in which photovoltaic systems might be requfred under 

the proposed ordinance. The first year selected was 2015, which was the. earliest year in which it could 

be expected that the ordinance would come into effect. The second year was 2017, which was selected 
) 

due to the expected change in the ITC. The ITC is a significant factor affecting the cost of photovoltaic 

systems. The ITC will be 30% through 2016, but in 2017 the ITC is expected to be reduced to 10% for 

c.ommercial systems, and to be eliminated entirely for residential systems (NCSC 201a, NCSC 2014b). 

Several data sets, sources, and components were used to perform the cost-effectiveness analysis, 

including: 

• Prototypical building models 

• Electric energy consumption profiles for each building 

• Input parameters specifying model assumptions 

• Simulation software 

• Analysis process . 

Figure 4 shows an overview of .the modeling framework. 

Building Models Electric Load 
Single Family Simulation 
Multifamily 

T24samples Small Hotel 
Large Office 
Medium Office CBECC 

Small Office 
Small Restaurant EnergyPlus 
Large Retail 
Medium Retail 

Hourly loads 
Warehouse 

Figure 4 Overview of modeling framework. 
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A set of prototypical building models was selected to evaluate the cost-effectiveness of systems installed 

in future construction. These buildings were intended to be representative of a range of new 

construction that meets the current energy code standards in California, though they do not represent 

actual buildings or projects. Electric energy consumption profiles for each building were generated using 

building energy simulation software. In addition, a variety of other parameters affect the cost­

effectiveness of photovoltaic systems. These parameters include first-costs, electric utility rate forecasts, 

and financial and tax parameters. Research was conducted to determine reasonable values for these 

parameters. 

The energy consumption profiles and parameter values were input into the National Renewable Energy 

Laboratory's (NREL) System Advisor Model (SAM) software (NREL 2014 SAM). SAM "is a performance 

and financial model designed to facilitate decision making for people involved in the renewable energy 

industry". Version 2014.1.14 of SAM was used for this study. SAM performs simulations based on input 

parameters and its internal models to calculate output values associated with renewable energy 

projects. SAM generates a cash flow prediction forthe specified analysis period, which includes the 

values needed to calculate the benefits and costs of a solar photovoltaic system. The output from SAM 

was summarized and analyzed in Excel. 
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3 Building Models and Projects 

3.1 Buildings Models 
This study models energy use in prototypical buildings. Several building types were selected to represent 

a range of uses and sizes of buildings that may be encountered in San Francisco. The building models 

specify physical features of the buildings and the end use of the occupied space, for instance, hotel or 

office. This information was used to estimate hourly energy usage in the buildings. The models also 

provide a constraint on the roof area relative to the building's total energy consumption, which is then 

used to set a limit on the size of the photovoltaic systems that could be installed on each building. The 

hourly energy usage is used in calculations of the amount of energy consumed and the value of the 

generated energy. 

California's building energy codes specify requirements for energy use in buildings. The CEC has certified 

software to model compliance of buildings with its standards. Two software packages are freely 

available. CBECC-Res models compliance of residential buildings, while CBECC-Com models compliance 

of commercial buildings with the 2013 building energy standards (Wilcox B 2013, AEC 2013). Each 

program is provided with several sample input files that describe buildings that are compliant with the 

building energy standards. These sample files were used for the building models and to produce the 

electricity consumption models for this study. 

Table 1 summarizes the physical characteristics ofthe modeled buildings, based on the sample files 

included with CBECC Com and Res. 

Floor area Roof area 
Building Abbr. Type (ft2) Floors (ft2) 

Single Family SFR Residential 2,100 1 2,100 
Single Family Low 

SFR-LI Residential 2,100 1 2,100 
Income ----
Multifamily MF. ~ybrid 6,960 2 3,480 -· 
Multifamily 

MFC Commercial 
Common 

6,960 2 3,480 
-·----·----
Small Hotel Hotel Commercial 42,554 3 14,185 

_ _!.~rge Office --· Offlrg Commercial 498,589 12 41,549 

Medium Office OffMed Commercial 53,628 3 17,876 

Small Office OffSml Commercial 5,502 1 5,S02 
Small Restaurant RstntSml Commercial 2,501 1 2,501 

Large Retail Retllr~ Commercial 240,000 1 240,000 - -
Medium Retail RetlMed Commercial 24,563 1 24,563 
-· 
Warehouse Whse Commercial 49,495 1 49,495 

Table 1 Model buildings analyzed in this study. 

Both commercial and residential buildings were modeled. Residential building models used residential 

electric rates (El, Ell), residential Title 24 solar area requirements, and input parameters and tax 

considerations appropriate to residential owners. Commercial building models used commercial electric 
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rates (Al, AlO, E19), commercial Title 24 solar area requirements, and input parameters and tax 

considerations (including depreciation) appropriate to commercial owners. 

Multifamily buildings were modeled as a hybrid of residential and commercial buildings. In multifamily 

buildings, rates are residential, but the ownership structure is commercial. The tenants in multifamily 

buildings are billed using residential rates. The financing and ownership of a multifamily building, 

however, are structured as commercial enterprises. Therefore, for this study, the residential electric 

utility rate was used for multifamily buildings, but all other simulation parameters (taxes, depreciation, 

etc.) used commercial values. In addition, the Multifamily Common building model broke out just the 

common area load of a multifamily building, which was then treated as a pure commercial model. 

Table 2 summarizes the energy consumption characteristics of the building models. This table shows 

estimated annual total electric energy consumption for each building, as well as consumption 

normalized to the conditioned space and total roof area. It was assumed that electric load and hourly 

consumption patterns remained constant from year-to-year. In practice, electric load may be expect~d 

to vary over time as changes occur in the building, occupants, equipment, weather, etc. 

Electric Electric energy Electric energy 
energy per unit floor per unit roof area 

·Building (kWh/yr) area (kWh/ft2/yr) (kWh/ft2/yr) 

Single Family 4,560 2.2 2.2 
>--·------·-- ·--

Single Family Low 
3,420 1.6 1.6 

Income 
i---.-·-·------ ----·---·-·-· 

Multifamily 22,844 3.3 6.6 
!------·-·---·-.. -· -

Multifamily Common 2,284 0.3 0.7 
----·-----·----
Small Hotel 161,971 3.8 11.4 

·-
Large Office 3,435,150 6.9 82.7 --
Medium Office 417,967 7.8 23.4 ----·-
Small Office 57,479 10.4 10.4 -------------- -
Small Restaurant 61,427 24.6 24.6 -----·----·---
Large Retail 1,847,380 7.7 7.7 

--·--·· ·-
Medium Retail 185,647 7.6 7.6 ··------·----
Warehouse 134,926 2.7 2.7 

Table 2 Estimated annual electric energy consumption in modeled buildings. 

Low income households were expected to have lower energy consumption than moderate and higher 

income households. Statewide household annual electricity consumption for moderate-income 

households ($25-$75K/yr) was reported as 5,887 kWh/yr, while for low-income households (<$25K} it 

was 4,313 kWh/yr, or 73% of moderate-incom.e household consumption (KEMA 2010, Table ES-7, p33). 

To approximate the difference between low-income and moderate-income households, annual 

electricity consumption for the Single Family Low Income building model was scaled to 75% of the Single 

Family building model. Forthe Multifamily Common building model, which includes only estimated 

common area load, electricity consumption was scaled to 10% of the multifamily base case. 
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3.2 Hourly Energy Consumption 
Electric energy costs and benefits depend on the time of generation and consumption of the energy due 

to a variety of factors, including: 

• tiered and time of use rate structures, which depend on time of day and day of year; 

• variable energy use in buildings, which vary by time, weather, and occupant behavior; 

• photovoltaic energy output, which depends on insolation and weather. 

To model costs and benefits, hourly resolution of energy consumption and generation was needed. This 

resolution provided a standard level of analysis, approximately matching utility rate structures and solar 

energy generation. 

The programs CBECC-Res, CBECC-Com, and EnergyPlus were used to model total facility electric energy 

consumption at hourly resolution for the sample input files. EnergyPlus is an "energy analysis and 

thermal load simulation program" which, given a building's description, can model hourly facility electric 

energy usage (EERE 2014). CBECC-Res version 2013-3 (650), CBECC-Com version 2013-3 (653), and 

EnergyPlus version 8.1 were used in this study. To model total electricity consumption, software must · 

make assumptions about installed equipment and occupant behavior that go beyond the loads and 

equipment regulated under California's energy codes. CBECC-Res provides as output total facility electric 

energy use. CBECC-Com does not provide total hourly electric energy consumption as~an output. It does, 

however, generate data files that can be read by EnergyPlus ("IDF" files), which can then generate the 

needed consumption data. 

The programs calculate energy consumption based on a model of the building and the location of the 

building. The location input is based on a typical meteorological year. For the residential buildings, which 

were analyzed with CBECC-Res, the CEC's climate data files forthe San Francisco climate zone were used 

(CZ3). For commercial buildings, for which energy consumption data were generated with EnergyPlus, . 

the closest typical meteorological year station was San Francisco International Airport (NREL 2014c). The 

sample files included with CBECC-Com were modified to refer to the San Francisco climate zone and to 

use ZIP code 94103. The orientation of buildings also affects their energy profile. It was assumed that 

the buildings were all sou.th facing for purposes of this study. 

3.3 Modeled Projects 
Each building was modeled using a corresponding reference case. For the reference case, it was 

assumed that the roof area available for a solar photovoltaic system matches the area specified in the 

Title 24 2013 Solar Ready regulations (CEC 2013). The Solar Ready zone is a roof area that must meet 

certain requirements to facilitate installation of solar energy systems. These include size, orientation, 

and freedom from penetration and shading by equipment. For single-family residential buildings the. 

solar ready zone is 250 ft2
, while for multifamily and commercial buildings it is 15% of total roof area. 

Title 24 allows for exemptions from the solar ready requirements, for instance, some commercial 

buildings over three stories are exempt. For purposes of this study, the basic Solar Ready area guidelines 

were applied to all buildings, without regard for possible exemptions. In addition, the area available for 

solar photovoltaic installation in commercial buildings was assumed to be 15% of total roof area, 
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notwithstanding adjustments in the solar ready regulations (such as exclusion of skylights from the total 

area). 

Table 3 summarizes the system sizes for each modeled building. The amount of energy offset by the 

systems over the course of a year ranges from 4% for the Large Office building model to 100% for the 

Single-Family Residential and Warehouse building models. The area of the systems in square feet and as 

a percentage of total roof area are also shown. For each system, the azimuth (orientation) of the system 

is shown, as well as total generation per year and generation per square foot of floor space per year. 

The azimuth of a photovoltaic system h!'ls a significant impact on its energy generation. In addition, the 

azimuth affects the benefits from the energy because of the time-dependent nature of energy 

generation, consumption, and pricing. Depending on the building type, the optimal azimuth was either 

(approximately) 180° or 210°. The best value was determined empirically by running the simulation over 

several orientations and selecting the one with the greatest benefit-to-cost ratio. In practice, the Title 24 

solar ready regulations allow a wider range of orientations, so that systems installed in the solar ready 

area may not be optimally oriented and therefore could have reduced cost-effectiveness. 

Per Generation 
Electric Area floor per floor 

Size energy Area (% Azimuth Tilt space Generation space 
Building (kW) offset (ft2) roof) (D) (0) (W/ft2) (kWh/yr) (kWh/ft2/yr) 

Single 
3.2 100% 192 9.1% 180 20 1.5 4,560 2.2 

Family 
··-------

Single 
Family Low 2.4 100% 144 6.9% 180 20 1.1 3,420 1.6 
Income 
-·--· ,,_ 

Multifamily 8.9 55% 522 15.0% 180 33 1.3 12,651 1.8 ---- -· .. -·- ·-·--------- ----
Multifamily 

1.6 
Common 

100% 94 2.7% 180 33 0.2 2,284 0.3 

Small Hotel 36 31% 2128 15.0% 210 33 0.8 51,000 1.2 
>-----·--------··--.. ---- ---

Large 
105 4% 6232 15.0% 210 33 0.2 149,386 0.3 

Office - ---
Medium 

45 15% 2681 15.0% 210 33 0.8 64,271 1.2 
Office ·-·----·--·-------- .. __ , 

·-
Small 

14 34% 825 15.0% 210 33 2.5 19,782 3.6 
Office --···--·----·--··---·-· --
Small 

6.4 15% 375 15.0% 180 33 2.6 9,092 3.6 
Restaurant 

-
Large 

606 47% 36000 15.0% 210 33 2.5 862,896- 3.6 
Retail 

·---· ---------
Medium 

62 48% 3684 15.0% 210 33 2.5 88,314 3.6 
Retail 

-· 
Warehouse 95 100% 5567 11.2% 180 33 1.9 134,926 2.7 

Table 3 Photovoltaic system sizes and related parameters for the modeled projects. 
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3.3.1 System Sizing. 
For each building model, a photovoltaic system size was specified based on the available roof space, the 

energy density of the photovoltaic system (see 4.2 Photovoltaic System Performance on page 26), and 

the modeled electric energy consumption of the building. The system size was limited to the lesser of 

the available space and the total electric energy consumption of the building, as shown in Equation 2. 

S = Asystem X Dvc 

A .1 bl -{250ft2 if single-family residential 
avai a e- 1S% roof area if commercial 

s 
A system 

A available 
c 

Rated (DC) system size (kW) 
Area of system (ftZ) 
Available roof area (ftZ) 
Building energy consumption (kWh/yr) 

Dvc 
DAc 

DC power density of photovoltaic system (kW /ftZ) 
AC power density of photovoltaic system (kWh/ftZ/yr) 

Equation 2 Calculation of photovoltaic system size. 
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4 Input Parameters 
A variety of par!=Jmeters were needed to specify the modeled projects, in addition to the building models 

described previously. The building models provided constraints on roof area and, through simulations, 

hourly electric energy consumption data. The additional parameters included: 

• general parameters specifying the location and analysis period; 

• parameters affecting initial purchase cost and ongoing maintenance costs of the photovoltaic 

systems; 

• parameters specifying the performance of the photovoltaic systems; 

• financial parameters, including debt terms, taxes, insurance, inflation, discount rate, incentives, 

and depreciation; 

• utility rates and annual escalation rates. 

Table 4 summarizes the input parameters used in this study for the reference scenario. Several 

parameters, such as azimuth and discount rate, were speci!ic to individual building models. The 

following sections describe these parameters in more detail and the derivation of their values. 
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Residential Residential {low 

Category Parameter {single-family) income) Commercial Sources and notes 

General 
Location and SF Intl. Airport, SF Intl. Airport, 

SF Intl. Airport 
NREL TMY3, CEC 

weather CECCZ3 CECCZ3 CZ3 

---
Analysis period 25 25 25 Various 

PVCost $/Win 2015 
$5.20 (<10 kW) $5.20 (<10 kW) $4.58 (<10 kW) 

CSI, forecast 
$4.50 (~10 kW) $4.50 (~10 kW) $4.64 (~10 k~) 

i'--•M ... 
$4.53 (<10 kW) $4.53 (<10 kW) $3.90 (<10 kW) 

$/Win 2017 
$3.85 (~10 kW) $3.85 (~10 kW) $4.01 (~10 kW) 

CSI, forecast 

---· 
10% of initial cost 

Inverter replacement 10% 10% 10% at 10 and 20 years, 
inflation adjusted 

PV System DC-7AC derate 0.77 0.77 0.77 PVWatts . - -
Module efficiency 17% 17% 17% Estimate 

Annual degradation 0.50% 0.50% 0.50% SAM r--------··----- ---
sui:.b_~l!..r::~ per year 1850 1850 18SO PVWatts -- - -
Sun hours per day 5.07 5.07 5.07 PVWatts ---
Tilt 20° 20° 33° SAM - --

Most cost-effective 
Azimuth 180° 180° 180° or 210° azimuth depends 

on building - --
Availability 100% 100% 100% 

PV Output AC po_wer (W/ft2) 12.8 12.8 13.1 At 180° 

AC energy (kWh/ft2/yr) 23.7 23.7 24.2 At 180° 

Financial Debt ~_roportion 80% 80% 70% Realty ~ates .. 

Debtterm 25 25 25 
Same as analysis 
period ·-·-- -·-·--· -·--

Debt rate 5.00% 5.00% 5.00-6.72% Realty Rates 
·-- --

Federal tax rate 25% 1S% 35% 
Tax tables, median 
income 

State tax rate 8% 4% 8.84% 
Tax tables, median 

income --- .... 
Sales tax rate 8.75% 8.75% 8.75% SF tax - -
Insurance rate 0.50% 0.50% 0.50% ·SAM 

Inflation rate 2.50% 2.50% 2.50% SAM 

Real discount rate 8.00% 8.00% 
6.5-7.9% (2015) 

I RR.survey 
6.9-8.2% (2017) 

ITC in 2015 30% 0% 30% 
---··- "" --

ITC in 2017 0% 0% 10% ---·-----.. -·-· 
Depreciation N/A N/A 5yrMACRS 

Utility rates Schedule 
El 

Ell 
Al, AlD, E19 

PG&E 
Region T TOU primary 

·-· 
Escalation 2.11% ~eal through 2020, 1.42% thereafter E3 ·---·---
NSC at end of 2015 0.06278 PG&E, forecast 

--·· -
NSC at end of 2017 0.08341 PG&E, forecast 

Table 4 Summary of input parameters. 
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4.i Photovoltaic System Cost 
The cost of the photovoltaic systems has a significant impact on cost effectiveness. There is a first cost 

to purchase and install a system, which is represented as a normalized cost per watt. This is then 

multiplied by the nameplate (DC) rating of the modeled systems to arrive at a purchase cost. In addition, 

periodic maintenance costs due to inverter replacement were also modeled. 

4.1.1 Cost Per Watt 

This study uses forecasted costs of solar systems to estimate the cost of installing solar systems in new 

construction. Price forecasts were estimated for the residential and commercial sectors for small ( <10 

kW) and medium-size (10 -100 kW) photovoltaic systems. The forecasted prices for 2015 and 2017 are 

shown in the table below. 

Year ·I 
Residential . I Commercial 

<lOkW 10-100 kW I <lOkW 10-100 kW 

2015 J $5.20 $4.5o I $4.58 $4.64 
~--·---r ·-·~~--~ 

$3.851 2017 i $4.53 $3.90 $4.01 

Table 5 Forecasted cost per watt for the initial study years. 

Past system prices from the California Solar Initiative (CSI) were analyzed for the residential and 

commercial sectors. The historic price changes were used to forecast prices in subsequent years by 

fitting an exponential growth curve to the historic data. Data for commercial and medium-sized systems 

in San Francisco were lacking, so an adjustment factor was derived to account for differences between 

statewide costs and the cost of solar in San Francisco. A new construction adjustment factor was also 

added to each forecasted price, to account for the expected reduced cost of installation in new 

construction. 

4.1.1.1 Analysis of statewide cost per watt 
Data from the CSI were analyzed to determine the average cost per watt of solar systems (CSI 2014b). 

The Septe_mber 30, 2014 CSI working data set was used in this study. Average costs per watt were . 

calculated for small residential systems in San Francisco and for small and midsize residential and 

commercial systems throughout California for the years 2007 through 2014. Data for completed systems 

ranging in size from 0-10 kW and 10-100 kW were used. Outliers, defined as costs per watt more than 

three standard deviations from the annual mean of the statewide commercial or residential data, were 

also excluded. Data for third-party systems were excluded due to reported irregularities in these data 

and reporting of third-party prices based on appraised value (E3 2011, Barbose et al 2013). In addition, 

this study examined single-owner photovoltaic systems, so that third-party pricing models were less 

applicable. The average statewide costs per watt for each year are shown in Table 6 below. 
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Residential Residential Commercial Commercial 
Year (<10 kW) (10-100 kW) (<10 kW) (10-100 kW) 

2007 $8.03 $7.81 $7.70 $8.13 

2008 $8.11 $7.66 $8.29 $7.53 

2009 $7.93 $7.40 $7.86 $7.45 

Average cost 
2010 $7.39 $6.40 $6.83 $6.24 

2011 $6.89 $5.99 $5.77 $5.71 

2012 $6.13 $5.07 $5.26 $5.15 

2013 $5.03 $4.53 $4.62 $4.43 

2014 $4.78 $4.33 $4.44 $4.85 

2015 $4.61 $3.92 $4.00 $4.06 

Forecast 2016 $4.25 $3.57 $3.63 $3.71 

2017 $3.92 $3.25 $3.29 $3.40 

Table 6 Average statewide costs per watt and forecasted costs for 2015-2017. 

Only small sample sizes were available for commercial and midsize residential systems in San Francisco. 

In addition, the data for commercial systems in San Francisco were much less consistent than the data 

for the other sectors and geographic regions. Data for only a few commercial systems were available for 

San Francisco, and there were years for which data were available for ohly one system. In addition, the 

commercial data exhibited erratic rises and falls that were not consistent with overall solar market 

behavior. Therefore, the data for commercial and midsize residential systems in San Francisco were not 

used for forecasting. 

4.1.1.2 Calculation of statewide to San Francisco adjustment factor 
To derive a cost for the commercial and for midsize residential systems in San Francisco, the assumption 

was made that the difference between the average statewide small residential costs to San Francisco 

small residential costs in each year would be representative of the difference in costs for installations in 

San Francisco overall. The difference in each year was then added to the forecasted costs for the four 

categories (small/midsize commercial and small/midsize residential} to derive a value for San Francisco. 

The calculation of these adjustment factors for each year is shown in Table 7 below. 
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San Francisco California 
residential (<10 residential CA to SF 

Year kW) (<10 kW) adjustment 

2007 $9.08 $8.03 $1.05 

2008 $8.89 $8.11 $0)8 

2009 $8.53 $7.93 $0.60 

Average cost 
2010 $8.25 $7.39 $0.86 

2011 $7.85 $6.89 $0.96 

2012 $8.07 $6.13 $1.94 

2013 $6.34 $5.03 $1.31 

2014 $5.83 $4.78 $1.05 

2015 $5.95 $4.61 $1.33 
Forecast 2016 $5.60 $4.25 $1.35 

2017 $5.28 $3.92 $1.36 

Table 7 Calculation of California to San Francisco adjustment factor. 

4.1.1.3 Calculation of new construction adjustment factor 

Page 25 of 56 

An additional adjustment factor was used to account for installation in new construction. The analyzed 

cost per watt based on the CSI data reflects the cost of installation in existing buildings. The proposed 

ordinance under study, however, was for new construction. Installation of solar systems on new 

residential construction is expected to be less costly than retrof~t installation (Barbose et al 2013). Data 

on solar system costs in new construction are not readily available. Therefore, an estimate was derived 

of the difference in costs between retrofit and new construction, and this estimate was used to adjust 

all forecasted retrofit prices to forecasted new construction prices. 

Tracking the Sun VI provides cost data for new versus retrofit construction based on California's New 

Solar Home Partnership (Barbose et al 2013, figure 28, p35). The table below shows the costs per watt 

for new construction and retrofit construction in new homes, along with their differences. The average 

difference of the cost per watt for new versus retrofit installation from 2008-2012 was -$0.75. This 

average was added to the forecasted cost per watt in existing construction to determine the cost in new 

construction. In addition, since data for installation on new commercial systems was not available, the 

same value was used for both residential and commercial costs. 

Vear New Retrofit Difference 

2008 $8.00 $8.70 -$0.70 

2009 $7.40 $8.50 -$1.10 

2010 $7.00 $7.50 -$0.50 

2011 $6.10 $6.80 -$0.70 

2012 $5.30 $6.00 -$0.70 

Average -$0.75 

Table 8 Difference of average cost per watt for residential new construction and retrofit installation for 
the years 2008-2012. 
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The Title 24 2013 Solar Ready requirements reduce the cost of retrofit installation of solar systems on 

solar ready buildings. These solar ready requirements were estimated to reduce the costs of solar 

installations in new single-family residential construction from $2,687 to $182, a savings of $2,505 (CASE 

2011, figure 45, p90}. The NSHP data, which were available through 2012, apply to structures that were 

not solar ready. Therefore, the difference in cost may be less significant, reducing the cost advantage of 

installation in new construction. This adjustment was not factored into the adjustment used for this 

study. 

4.1.2 Maintenance Costs 
SAM's default annual maintenance costs of $20/kW/yr were retained for this study. SAM does not, 

however, include the cost of inverter replacement. Inverters were assumed to require replacement 10 

years after being placed in service. For the 25 year analysis period, inverter replacement was expected 

to occur in years 10 and 20 and it was assumed that new inverters represent 10% of a total PV project's 

cost (see, e.g., Borenstein S 2011). As an estimate of the maintenance cost due to inverter replacement, 

10% of the projects' initial cost were inflated to current dollars at years 10 and 20, and applied as a cost 

in the simulations in SAM for those years. 

For instance, assuming a $20,000 total initial system cost in year 0, the cost of the inverter would be 

10% x $20,000 = $2,000. At an inflation rate of 2.50%, after 10 years inverter replacement would cost 

28% more in current dollars (1.28x) or $2,560 and after 20 years it would cost 64% more (1.64x) or 

$3,280. 

While it is entirely possible that the future price of inverters will be lower given improveme_nts in 

inverter technology, no attempt was made to derive a value based on future market changes. A 

reduction in price in real terms of 2%/yr may be reasonable (Borenstein S 2011). In addition, inverter 

replacement should result in an increase in efficiency. The model in SAM assumes a constant percent 

degradation in system output year-to-year. This study does not include an offset to increase system 

produ~tion following inverter replacement. 

4.2 Photovoltaic System Performance 
Generic photovoltaic systems were modeled using NREL's PV Watts model and System Advisor Model 

(SAM) software (NREL 2014a,b). PV Watts provides information on solar power and energy based on 

location, system tilt, azimuth, and system performance characteristics. Values for San Francisco were 

calculated for the tilt and azimuth combinations that were modeled for this study. As a simplifying 

assumption, it was also assumed that all of the roof area allocated for the systems was covered in 

panels. Table 9 below summarizes the system performance parameters. 
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Parameter Values 

Tilt (0
) 20,33 

--·--
Azimuth (0

) 180,210 

Panel efficiency 0.17 ----·--·---
AC to DC derate 0.77 

Annual degradation 0.5% 

Table 9 Summary of parameters for the modeled photovoltaic systems' tilt, azimuth, and efficiency. 

SAM's defaults for tilt were used, with 20° assumed for residential systems and 33° for commercial 

systems. The azimuth was either 180° or 210°. An azfmuth of 180° results in more ~ost-effective systems 

for some buildings, while an azimuth of 210° is more cost-effective for other buildings. The choice of 

azimuth was initially set at 180°, and then changed to 210° for those buildings where sensitivity analysis 

showed a more cost-effective outcome at 210°. 

Panels vary in the efficiency with which they convert solar radiation to electricity. Higher efficiencies 

yield greater power density, such that a smaller area covered with solar panels can generate the same 

amount of energy as a system using lower efficiency panels. A panel efficiency of 17%, which is within 

the range of systems currently available on the market, was used for this study. 

Solar systems also vary in the efficiency with which they convert the DC electricity produced by the 

panels into AC electricity, known as the DC to AC derate factor. This factor depends on a variety of 

system characteristics. A default value of 0.77 was used for this study, which is the default value in both 

PV Watts and SAM. 

Photovoltaic systems degrade over time, producing less energy with each passing year. The SAM-default 

system degradation rate of 0.5%/yr was used for the model. 

Table 10 shows the insolation, power, and energy densities forthe modeled generic systems, which 

were calculated using PV Watts and the above parameters. The power and energy densities determine 

the amount of generation that can be installed in a given area of a roof. 

lnsolation DC power AC power DC energy AC energy 
Azimuth (0 ) Tilt (0 ) (W/ft2) (W/ft2

) (W/ft2
) (kWh/ft2/yr) (kWh/ft2/yr) 

180 37.6 99.9 17.0 13.1 31.4 24.2 ________ .. -- ----
180 33 100.1 17.0 13.1 31.5 24.2 ----··--.. -·-
180 20 98.1 16.7 12.8 30.8 23.7 
210 37.6 98.6 16.8 12.9 31.0 23.9 ·--------.. --
210 33 99.0 16.8 13.0 31.1 24.0 ----·-·---·--·-.. --. --- ·-
210 20 97.3 16.5 12.7 30.6 23.6 

Table 10 Power and energy densities for the modeled systems' azimuths and tilts. 

4.3 Financial Parameters 
A variety of financial parameters affect the analysis results and are required as inputs to SAM. The 

financial parameters specific to the individual model buildings used in this study are summarized in 

Table 11 below. 
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Discount 
Discount rate 
rate in change Loan State 
2014 per year interest Debt Federal tax ITC ITC 

Building (real) (%/yr) rate proportion tax rate rate (2015) (2017) 
Single 

8% 0% 5.00 80% 25% 8% 30% 0% 
Family 
Single 
Family Low 8% 0% 5.00 80% 15% 4% 0% 0% 
Income 

·-
Multifamily 6.3% 0.21% 5.00 70% 35% 8.84% 30% 10% 
Multifamily 

6.3% 0.21% 5.00 70% 35% 8.84% 30% 10% 
Common ,, _____ 

-
Hotel Small 7.5% 0.12% 5.80 70% 35% 8.84% 30% 10% 
~ 

Office 
6.5% 0.21% 5.38 70% 35% 8.84% 30% 10% 

Lari~.e -
Office 

6.5% 0.21% 5.38 
Medium 

70% 35% 8.84% 30% 10% 
--·~ 

Office 
6.5% 0.21% 5.38 

Small 
70% 35% 8.84% 30% 10% 

Restaurant 
7.0% 0.12% 6.72 

Small 
70% 35% 8.84% 30% 10% 

-
Retail 

7.8% 0.12% 5.25 
Large 

70% 35% 8.84% 30% 10% 
'-· ·- .... .. _ 

Retail 
7.0% 0.12% 5.25 

Medium 
70% 35% 8.84% 30% 10% 

Warehouse 6.8% 0.12% 5.25 70% 35% 8.84% 30% 10% 

Table 11 Summary of financial parameters used for each building model type. 

Additional financial parameters common to all modeled projects are summarized in Table 12. 

Parameter Value 
Inflation rate 2.50% 

Insurance rate 0.5% 

Property tax rate 0% 
Debt term 25 years 

'--'·-· -
Depreciation schedule 

5 year MACRS 
(commercial only) 

Table 12 Summary of financial parameters applicable to all buildings. 

4.3.1 Financial Parameter Alternatives 
Individual parameter values can have a range of plausible values. Several parameters in particular may 

have significant impact on the cost-effectiveness outcome. These include the: 

• debt fraction, which is the proportion of a project funded by debt 

• debt rate, which is the interest rate charged on the debt 
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• discount rate 

Table 13 lists five groups of options for these parameters for commercial buildings. These options are 

described below. 

• Reference scenario: For the reference scenario the intent was to use values for the parameters 

that represent typical real world conditions. Therefore, the reference scenario uses recent 

market-specific industry survey data as a basis for these parameters. Industry surveys provided 

values for the debt rate and discount rate for different property types. For the debt fraction, an 

approximate average of surveyed values was used. 

• Industry surveys: lntegra Realty Resources (IRR) and Realty Rates (RR) each publish industry 

surveys on financing of commercial properties (lntegra Realty Resources 2014a-e, Realty Rates 

2014). IRR's data are further specified for particular property types in San Francisco. These data 

were used in the reference scenario. 

• E3 study: Energy and Environmental Economics (E3) performed a study on the cost­

effectiveness of rooftop photovoltaic systems in California (E3 2013). 

• NREL (System Advisor Model): NREL based the default financial parameters in SAM on a variety 

of sources, with a focus on national long-term averages (NREL 2014a). The values listed in Table 

13 were the defaults in SAM. 

• SF Environment staff proposal: The San Francisco Department of the Environment proposed 

values that staff believes are appropriate for evaluating the cost-effectiveness of the proposed 

ordinance. 

NREL (System SF 
Reference Industry Advisor Environment 
scenario surveys E3 study Model) staff proposal 

Source New Commercial real 
Rooftop PV in 

Analysis New 
focus construction estate financing 

new 
software construction 

construction 
·-··--·---· 

Debt 
70% 70% 40-55% 100% 100% 

fraction 
----~M•M ·-··-----
Debt rate 5.0-6.7% 5.0-6.7% 6.80% 7.5% 5% 

·-·~· ----------
Discount 6.5-7.9% (2015) 6.3-7.8% (2014) 

6.13% 5.2% 4% 
rate 6.9-8.2% (2017) +0.12-0.21%/yr 

-· 
Inflation 
rate 

2.5% 2.5% 2% 

Table 13 Alternatives for several financial parameters. Industry surveys from Realty Rates and lntegra 
Realty Resources. E3 study specified equity fraction of 45 to 60%, depending on year. NREL SAM values 
are defaults for new commercial model files. Discount rates are real rates. 

4.3.2 Discount Rates 
The discount rate is "used to calculate the present value of a future payment" (Short et al 1995). The 

specific discount rate used in an analysis can have a significant impact on the cost effectiveness of 

financial decisions. There is no single discount rate used by all individuals, and there are a variety of 
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methods for calculating or selecting a discount rate. Ultimately, the choice of discount rate is highly 

dependent on individual circumstances and decisions. This study uses different discount rates for the 

residential and commercial models. The residential discount rate used in this study was 8%, which was 

the default value in SAM. For the commercial models, the discount rates were based on industry surveys 

and depended on the type of building being modeled. 

The commercial discount rates used in this study were based on a survey of firms involved in the real 

estate industry. lntegra Realty Resources {IRR) publishes industry surveys for the San Francisco 

commercial real estate market (lntegra Realty Resources 2014a-e). Surveys for the industrial, lodging, 

multifamily, office, and retail real estate sectors are published annually· and mid-year. The survey data 

include real discount rates for several property classes and types. The discount rates for the ~ighest­

class (i.e., class A) property types that most closely matched the types of buildings modeled in this study 

were used. In addition, the surveys included a range offorecasted changes in the discount rate over a 36 

month period. The midpoint of the forecasted change was used to forecast discount rates in the 

modeled years 2015 and 2017. Table 14 summarizes the discount rates used in this study to model 

commercial systems. 

Discount Change 
rate (real, per year 

Building name IRR property type mid-2014} (%/yr} 

Multifamily Multifamily Urban Class A 6.3% 0.21% 
--··---· 
Multifamily Common Multifamily Urban Class A 6.3% 0.21% 

Hotel Small Lodging Full service 7.5% 0.12% --·----·-.. ··-
Office Large Office CBD Class A 6.5% 0.21% ... - .... - .. 
Office Medium Office CBD Class A 6.5% 0.21% 
-·-· 
Office Small Office CBD Class A 6.5% 0.21% 

>--·-- -· 
Restaurant Small Retail. Community 7.0% 0.12% 

-~eta ii .. Large Retail Mall 7.8% 0.12% _,,_,_ 
Retail Medium Retail Community 7.0% 0.12% 
-·-···----· ·-
Warehouse Industrial Class A 6.8% 0.12% 

Table 14 Real discount rates and forecasted change per year used for each commercial building model. 
Rates are based on those reported in lntegra Realty Resources {IRRs) midyear viewpoints for the San 
Francisco market for several commercial real estate types. 

4.3.3 Debt Parameters 
A debt term of 25 years was used for both residential and commercial systems, the same as the analysis 

period, which corresponds to the typical expected lifetime of a photovoltaic system. The residential debt 

rate used was 5%, corresponding to typical long-term mortgage rates. This was also the default rate in 

SAM. The residential debt proportion was 80%, which corresponds to standard mortgage practices. 

For commercial properties, published survey data were used for debt parameters. Realty Rates' 

publishes an Investor Survey (RRIS, Realty Rates 2014) with data on permanent financing for several 
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commercial real estate property types. The data include interest rates and loan-to-value ratios. The 

property types in the RRIS were assigned to the most closely matching building models used in this 

study, along with the corresponding loan-to-value ratio and interest rate. The proportion of debt to 

system cost for commercial properties is based on an average loan to value ratio from the RRIS. An 

approximate average loan to value ratio of 70% was used as the debt proportion. 

RRIS Loan RRIS Loan 
property interest to value 

Building name type rate ratio 

Multifamily Apt 5.00 0.73 --·M-• 
Multifamily Common 

r----·--------
Apt 5.00 0.73 

Hotel Small Lodging 5.80 0.67 
>---· - .. 

Office Large 
t-·-----M•-M 

Office 5.38 0.73 

Office Medium Office 5.38 0.73 
>-·--·-----·-· 

Office Small Office 5.38 0.73 
--·--· 
Restaurant Small Restaurant 6.72 0.64 

>--·----·--···-·--· 
Retail Large Retail 5.25 0.70 

t----M MM--

Retail Medium Retail 5.25 0.70 
i---M-•-• ·-----·--

Warehouse Self storage 5.25 0.69 

Table 15 Debt parameters for each building model. The rates are based on survey data from the Realty 
Rates Investor Survey (RRIS}. A debt fraction of 70% was used for all buildings, which is close to the 
average RRIS loan-to-value ratio. 

4.3.4 Tax Parameters 

Marginal tax rates have a significant impact on cost-effectiveness, as they affect the tax deductions 

available to individuals and companies. Commercial entities can deduct expenses for purchasing and 

operating a system. Residential owners pay for a system that is included in new construction as part of 

their home mortgage, and interest payments on home mortgages are tax deductible {IRS 2014). 

For residential customers who are not low income, the federal and state tax rates were based on the tax 

rate for the median family income in San Francisco. Tbe median family income in San Francisco for 2008-

2012 was $73,802 (U.S. Census Bureau 2014). The marginal federal tax rate for couples filing jointly and 

earning the median income was 25% {Bankrate 2014). The marginal state tax rate for couples filing 

jointly was 6% for taxable income between $57,990 and $80,500 (FTB 2014). 

For low income residential customers, tax rates were based on the tax rate for families qualifying for 

CARE electric rates in PG&E's service territory. For a four person household, the maximum gross annual 

income to qualify for CARE rates is $47,700 {PGE 2014a).'At this income level, the marginal federal tax 

rate was 15% in 2014. The marginal state tax rate for couples filing jointly was 4% for taxable income 

between $36,742 and $57,900 (FTB 2014). 
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For commercial customers, a marginal federal tax rate of 35% was used. This is also the default value in 

SAM. The California state tax for corporations other than banks and financials was 8.84% (FTB 2014). 

The sales tax rate for San Francisco was 8.75%, and applies to residential and commercial owners (BOE 

2014). 

4.3.5 Investment Tax Credit (ITC} 

The investment tax credit (ITC) has a significant impact on the cost-effectiveness of systems, as it 

represents a large reduction in the cost of the system. The ITC is received as a credit against taxes in the 

first year that a system is installed. The ITC is 30% of system cost through 2016, and is expected to be 

reduced in 2017: to 10% for commercial systems and eliminated entirely for reside.ntial systems (NCSC 

2014a, NCSC 2014b). To fully realize the value of the ITC requires that the beneficiary have sufficient tax 

liability. For this study, for both residential and commercial customers, the ITC rate used was 30% for 

systems installed in 2015. For systems installed in 2017, the commercial rate was 10% and the 

residential rate was 0%. It was also assumed that low income residential customers would not benefit 

from the ITC since they would not have sufficient tax liability, so an ITC rate of 0% was used for those 

customers in both 2015 and 2017. 

4.3.6 Other Financial Parameters 

Several additional financial parameters were used (see Table 12 on page 28 for a summary of these 

values): 

• An inflation rate of 2.50% per year is assumed for the analysis (SAM default). A long-term 

average is used for the inflation rate since it applies to the full analysis period. For comparison, 

the average inflation rate for 2010-2012 was 2.29% (Inflation Data 2014). 

• For commercial customers, a 5 year Modified Accelerated Cost Recovery System (MACRS) tax 

depreciation schedule was used for both federal and state tax purposes. 

• An insurance rate of 0.5% per year was used (SAM default). 

• Photovoltaic systems are exempt from property taxes in California (NCSC 2014c), so a rate of 0% 

was used for property taxes. 

4.4 Utility Rates 

4.4.1 Utility Rate Schedules 

Table 16 above summarizes the rate schedules and options used for each building for PG&E electrical 

service (PGE 2014b). The rates used were based on those current as of October 1, 2014. Annual building 

electricity consumption is shown for reference, since the applicability of commercial schedules depends 

on annual consumption. For purposes of this study, it was assumed that utility rate structures would 

remain unchanged for the analysis period, but that utility rates would escalate annually at a rate greater 

than·inflation. 
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Consumption Rate 
Building (kWh/yr) schedule Rate options 

~~le_Family 4560 El Baselin~ region T ---- ----------
Single Family Low Income 3420 Ell 

-·--··-----·-·- -
Multifamily 22844 El Baseline re~Jon T 
Multifamily Common 2284 Al Time of use 

Hotel Small 161971 AlO Time of use, primary voltage ---.. -·----------·-
Office Large 3435150 El9 Time of use, primary voltage 

··--- ·----· 
Office Medium 417967 AlO Time of use,_primary voltage '--·---------·-
Office Small 57479 AlO Time of use, primary voltage ___ ,, _______ ,.,, -
Restaurant Small 61427 Al Time of use ----------· ·----
Retail Large 1847380 El9 Time of use, primary voltage ·-----
Retail Medium 185647 AlO Time of use, primary voltage 

<----·-----·-"''"'-- -
Warehouse 134926 Al Time of use 

Table 16 Utility rates and options for each building model. 

Electric rates were escalated annually at a real rate of 2.11%/yr from 2012-2020, and at a real rate of 

1.42%/yr thereafter (E3 2013). These escalation rates were based on an analysis using the E3 RES 

Calculator by Energy and Environmental Economics (E3) for the California Air Resources Board. The 

October 2014 utility rates were then inflated to the modeled years (2015 and 2017) using the nominal 

escalation rate, before being imported into SAM. 

4.4.2 Net Energy Metering Rates 

Net Energy Metering (NEM) provides a monthly bill credit, at retail rates, for power generation in excess 

of consumption. In addition, there is an annual payment at the Net Surplus Compensation rate (NSC) for 

excess generation. The NSC rate is set by the utility for all customers. NEM rules currently limit 

participation based on capacity. For purposes of this study, it was assumed that all customers would be 

able to participate in NEM. In addition, it was assumed that the NEM and NSC structure would remain 

unchanged. The NEM rate schedule used was the same as the customers' regular rate schedule. 

NSC payments are modeled by SAM using a calendar ye·ar; therefore, forecasts of the NSC rate were 

done for December of the first year <;>f the simulations. PG&E provides past NSC rates for January 2012 

through October 2014 (PGE 2014c). For the period January 2012 through December 2012 the NSC rates 

declined. From January 2013 through October 2014 the rates increased at a near linear rate. A linear 

trend line was fitted to the data from January 2013 through October 2014 (R2 0.9681), and used to 

forecast the NSC rate in December of the modeled years. These data were plotted in Figure 5 below, 

which also shows the NSC rate forecasts. In this study, it is unlikely that there would be excess 

generation at the end of the simulated years since the modeled systems are sized up to maximum 

annual consumption. 
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6.278 1-----------

2017 8.341 
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Figure 5 The graph on the left shows the Net Surplus Compensation {NSC} rates for the period January 
2013 through October 2014. A linear trendline {dotted) was fitted to the data. The table on the right 
shows the forecasted NSC rates for December of each of the initial simulation years. The forecast was 
extrapolated using the linear regression line. 
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5 Results 

5.1 Cost Effectiveness 
Several scenarios were analyzed for cost-effectiveness, as summarized in Table 17 below. The scenarios 

were selected to represent different potential conditions as well as perceptions of market conditions. 

The scenarios cover only a small subset of all possible values, and are not presented as exhaustive of all 

foreseable conditions. 

Scenario Description 
Reference Parameter values were as described previously. 

All Debt The e!ltire project was funded with debt. • 

-~~-~! ____ ___!;~~er cost scenario. Th_e debt rate and cost per watt were decreased b~y_1_0_%_. -----···· 
> Cost Higher cost scenario. The debt rate and cost per watt were increased by 10%, while 

--···-----E-~te!11 availability was decreased by 10%. ·-------·------------1 
SFE Values for debt fraction (100%), debt rate (5%), and discount rate (4%) were specified by 

the San Frandsco Department of the Environment. 

Table 17 Scenarios analyzed for cost-effectiveness. 

Simulations were run using SAM for each building, scenario, and year, a.nd the resulting benefit-to-cost 

ratios (BCRs) were calculated. The results of the simulations are presented .in the tables below for the 

simulation years 2015 and 2017, respectively. The BCRs are color-coded to indicate some of the 

uncertainty in the results. Values that ar.e more cost-effective (>1.0) are colored in deeper shades of 

green, values that are close to 1.0 (breakeven) are yellow, and values that are less cost-effective (<1.0) 

are colored in deeper shades of red. The resu_lts were sorted in decreasing BCR order for the 2015 

reference case. 

Building (2015) 

Single Family 

Multifamily 

Single Family Low Income 

Warehouse 

Multifamily Common 

Small Restaurant 

Large Office 

Medium Office 

Large Retail 

Medium Retail 

Small Hotel 

Small Office 

Table 18 Benefit-to-cost ratios (BCRs) for each building and scenario for the year 2015. Color coding 
indicates approximate degree of cost-effectiveness. Values sorted by BCR of reference scenario in 2015. 
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Building (2017) 

Single Family 

Multifamily 

Single Family Low Income 

Warehouse 

Multifamily Common 

Small Restaurant 

Large Office 

Medium Office 

Large Retail 

Medium Retail 

Small Hotel 

Small Office 

Table 19 Benefit-to-cost ratios (BCRs) for each building and scenario for the year 2017. Values sorted by 
BCR of reference, scenario in 2015. 

The ranking of the BCRs remained fairly consistent across the scenarios and the two modeled years, 

even as the BCRs varied. Thus, the residential buildings (single- and multifamily) have the highest BCRs, 

driven mainly by the higher retail rates residential customers pay for electricity. The commercial 

buildings varied in their energy consumption patterns, utility rates, financial parameters, and system 

sizes, all of which drove the variation in their BCRs. The Warehouse building model consistently had the 

highest BCR of the commercial buildings, while the Small Office and Small Hotel building models had the 

lowest BCRs, and thus present the greatest challenge to ensuring cost-effectiveness. 

Figure 6 shows the BCR ratios for the residential (left) and commercial (right) building models for the 

reference scenario in 2015 and 2017, showing the BCRs for the individual building models. 

--··---·.-··-·- -- ---· ·-,-----··- -- -· ··--- ___ ,_ --- - - --~-· ----· ·---------- --------~- --- ~--~-- ·-~----~----- --· ---·-·-c 

Residential • 2015 !'!!12017 i Commercial • 2015 ;g 2017 I 
2.0 l 

+ 
1.6 I 

f 
1.2 f 

0:: T, u ,,.. 
co + 

Q.8 t 
:1: 
.j., 0.41 ' 

0.0 J 
SFR MF SFR-LI 

Figure 6 Benefit-to-cost ratios for the residential (left) and commercial (right) building models for the 
reference scenario in 2015 and 2017. 
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5.1.1 Interpretation of cost-effectiveness results 
The results presented above do not provide a clear-cut answer to the question of cost-effectiveness for 

all building models. The cost-effectiveness threshold and BCRs could be interpreted as precise single 

values. Alternatively, they could be interpreted as point estimates drawn from a population of possible 

values having some probability distribution. The latter interpretation is more representative of the 

uncertainty inherent in forecasting future conditions. 

When interpreted as precise single values, any BCR that is greater than 1.0 would be interpreted as 

indicating that the outcome is cost-effective, while any BCR less than 1.0 would be interpreted as 

indicating that the outcome is not cost-effective. Using this interpretation, the results for some of the 

model buildings are cost-effective while others are not, when evaluated using the reference scenario for 

2017. Specifically, all of the residential building models-Single Family, Single Family Low Income, and 

Multifamily-would be cost-effective. In addition, the Warehouse, Multifamily Common, Small 

Restaurant, and Large Office commercial building models would be cost-effective. The Medium Office, 

Large Retail, Medium Retail, Hotel, and Small Office commercial building models would not be cost­

effective. 

Interpretation of the results when considering uncertainty is less clear cut. While the results are shown 

as single BCR values, they could take on a range of possible values, depending on the range of possible 

·input values and modeling assumptiohs. The input values, which depend on a large number of factors 

and assumptions, could be significantly different from the values selected for this study. Different values 

for inputs including the cost per watt, interest rate on debt, and building energy use are quite possible. 

The results of the sensitivity analysis and alternate scenarios suggest some of the range of variability 

that is possible. For instance, the BCRs of the commercial building models in the reference scenario in 

2017 ranged from 0.96 to 1.08. In the higher-cost scenario in 2017 they dropped to 0.89 to 1.00. 

Without further analysis, it is not clear whether a difference of-0.04, +0.08, or even -0.11 relative to the 

threshold is statistically significant. Does a result of 0.97 indicate that a project is not cost-effective, 

while a result of 1.05 indicates cost-effectiveness? To interpret the BCRs as being associated with a 

probability distribution would require information about that distribution. 

However, even without a more detailed level of analysis, it is possible to make some inferences about 

the likelihood of a result indicating cost-effectiveness. The greater the difference of a result from the 

cost-effectiveness threshold, the more likely it is that the result represents a true outcome (cost- · 

effective or not cost-effective). The BCRs for the single- and multifamily residential building models in 

the reference scenario in 2017 were si~nificantly above the cost-effectiveness threshold, at 1.78 and 

1.65, respectively. These results are therefore more likely to represent a true cost-effective result for 

these building models, compared to the other building models that have lower BCRs. For the 

commercial building models, the Warehouse building model had a BCR of 1.08 in the 2017 reference 

scenario. This represents an outcome that is more likely to be cost-effective than the results for the 

Small Hotel building model, which had a BCR 0.97 in the 2017 reference scenario. 

The single-family low income (SFR-LI) model is somewhat unique, due to a combination of low utility 

rates and limited tax benefits. The SFR-LI model for the reference scenario had a BCR of just 0.92 in 
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2015, which increased to 1.09 in 2017 due to the forecasted decrease in the cost per watt. In the low 

income model, it was assumed that the residents do not benefit from the federal investment tax credit. 

At the same time, they pay lower electric rates under the CARE program, so that their cost of grid 

electricity is lower, while their net energy metering benefit is also reduced. The SFR-LI model also fared 

poorly in the higher cost scenario in 2015, with a BCR of just 0.75, and 0.89 in 2017. It should be noted 

that very few single-family residences are built in San Francisco. In contrast, there are many more low­

income residences in multifamily buildings. Therefore, issues of low-income affordability in single-family 

residences should be less prevalent than those in multifamily buildings. The Multifamily building model, 

however, does not consider issues of low-income ratepayers, such as those paying CARE rates. The 

Multifamily building model is represented as one large aggregate system paying standard residential 

rates. Therefore, these building models provide limited insight into issues associated with low-income 

residents. 
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5.2 Cash Flow 
The net lifetime benefits and costs for each project were used to calculate the projects' overall benefit­
to-cost ratio. Individual project cash flows, showing the annual benefits and costs, provide additional 
detail that can assist in understanding the. calculation of the ratio. For instance, one of the results of the 
sensitivity analysis (see 5.3 Sensitivity Analysis on page 41) was that an increase in discount rate can 
result irt a higher benefit-to-cost ratio. Examining a representative cash flow in more detail will provide 

insight into this outcome. 

The undiscounted (current-dollar) cashflow for the Medium Office building model forthe reference 

scenario in 2015 is shown in Figure 7 below, while the corresponding discounted cash flow is shown in 
Figure 8 on page 41. This sample cashflow shows the breakdown of the components of the benefits and 
costs, as well as how a change in discount rat~ can affect the benefit-to-cost ratio. 

Cash flow for Medium Office building (2015 reference case) 
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Figure 7 Current-dollar annual cash flow for the Medium Office building model for the 2015 reference 
case. This shows the net after-tax cash flow, as well as the individual benefits and costs that contribute 
to the net value. The horizontal axis shows years flow is negative in year zero due to the purchase of the 
photovoltaic system, then turns positive as a result of tax credits and deductions, before going negative 
after year 6 due to debt repayment, maintenance costs, and the reduced tax deductibility of energy 
costs. The large costs in years 10 and 20 are due to inverter replacement. 

In the initial project year, the cost is dominated by the purchase costs of the system for the portion not 
financed with debt. Then, in the first few years of the project the federal tax benefits are significant, 
composed primarily of the investment tax credit (in year 1) and the value of the accelerated 
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depreciation (years 1-5). State tax benefits, comprised mainly of the value of the accelerated 

depreciation, also contribute to overall benefits. Throughout the analysis period the value of the energy 

generated remains relatively constant, aff~cted mainly by system degradation and utility rate escalation. 

In years 10 and 20 there are large maintenance costs due to inverter replacement. In the remaining 

years costs are composed mainly of debt repayment and the reduction in the tax deduction due to lower 

spending on energy. While the reduced tax deduction is shown in the figure as a cost, in the cost benefit 

calculation it is treated as a reduction in the energy value, and thus a reduction in benefits (not an 

increase in costs). 

An apparently unusual result of the sensitivity analysis is an increase in net present value (NPV) and of 

the benefit-to-cost ratio with increasing discount rate. Yet, a higher discount rate results in a lower 

(absolute) vaiue offuture payments. An examination ofthe cash flow helps explain these results. In 

Figure 7 above, which shows cash flows in current dollars, there is a large positive balance in year 1 of 

the project due to a combination of the investment tax credit and accelerated depreciation. The net 

after-tax cash flow is positive in years 1-6. From year 7 onward, however, the net cash flow remains 

negative. Thus, after year 7, the annual costs are greater than the annual benefits of the project. A 

higher discount rate will discount these future costs more than a lower discount rate. When calculating 

the NPV, the large positive cash flows in the first few years of the project will therefore be more 

significant than the discounted future negative cash flows. The corresponding discounted cash flow is 

shown in Figure 8 below. Comparing Figure 7 with Figure 8, it is apparent that the future cash flows are 

discounted, with the negative cash flows becoming less significant over time. 
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Discounted cash flow for Medium Office building (2015 reference case) ' 
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Figure 8 Discounted annual cash flow for the Medium Office building model for the 2015 reference 
scenario. 

5.3 Sensitivity Analysis 
A sensitivity analysis was done to gauge the effect of varying the values of several input parameters. 

Performing analyses while varying input parameters over' reasonable expected ranges helps explore the 

sensitivity of the outcomes to particular choices of values. This also provides insight into the range of 

uncertainty that could be encountered in real-world projects. Table 20 shows the input parameters for 

which sensitivity analysis was done, along with the range of values tested and the amount by which the 

values were varied. 
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Parameter Range Increment Notes 
The amount borrowed to finance projects 

Debt fraction 20%-100% 20% depends on particular project circumstances 
and access to financing . .. . 

Cost per watt $3.00 - $6.00 $0.50 
The range covers reasonable possible 
forecasts for the cost per watt. 

--·· --
The interest rate depends on a variety of 

Debt rate 3%-8% 1% uncertain factors, including borrower credit 
risk and macro economic conditions. - -·--

Azimuth 90° -270° 30° Varied from due east to due west. 
-

Lower availability means reduced energy 

Availability 75%-100% 5% output. May be affected by weather, 
shading, soiling, equipment failure, etc. ---·--------

Federal tax rate 15%-35% 5% 
Varied over range of plausible federal 
income tax rates. 

·-·---
Discount rate variability was discussed 

Discount rate 2%-12% 2% 
previously. The chosen range covers a wide 
range of plausible values. Values are real 

I discount rates. 
-·---
Size 1 kW-100% kW 

1/10 of Maximum size was limited to 100% energy 
maximum size offset. 

Table 20 Inputs for individual parameter sensitivity analysis. 

Overall results of the sensitivity analysis are shown in Figure 9 below. This figure shows the average 

decrease or increase in the BCR relative to the reference scenario, as well as the minimum and 

maximum ranges. The simulation results for all buildings in both modeled years (2015 and 2017) were 

combined to calculate these summary values. The results were then sorted in decreasing order of 

average range of effect. Debt fraction had the largest impact on the BCR, followed by the cost per watt, 

and then debt rate. Both availability and azimuth resulted in decreased BCRs, which is expected given 

that 100% availability and the optimal azimuth were assumed in the reference scenario, so that any 

change in those values could only reduce the benefits of the system. The BCR varied the least due to 

chang_es in federal tax rate, discount rate, and system size. 
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Change relative to baseline (average and range) 

Debt fraction 

Cost per watt 

Debt rate 

Azimuth 

Availability 

Federal tax 

Discount rate 

l I Size , __ _l__.__J__, __ c__, _____ _,___j______,__j _ _,_ ___ , _ _,__~_j 

-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0 
Change from baseline 

Figure 9 Sensitivity analysis results showing the average decrease or increase in the BCR relative to the 
reference scenario as well as the minimum and maximum ranges. 

Individual plots of the sensitivity analysis results were also generated. Two examples are shown in Figure 

10 below. The cost per watt, shown in the figure on the left, was varied over a range of $3 to $6. System 

availability, shown in the figure on the right, was varied from 75% to 100%. The reference scenario's 

value is marked with a circle in each figure. From the effectqf varying the cost per watt it is apparent 

that the change in BCR i~ not necessarily linear across the full range, a result that can be seen more 

clearly in the plots of the BCR against varying azimuth (see Table 22 on page 45). 
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Figure 10 Sensitivity plots of cost per watt and system availability for the Medium Office building model. 
The circles mark the value of the reference scenario. 
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A qualitative summary of the sensitivity analysis results is presented in Table 21. The correlation, 

positive(+), negative(-), or mixed(+/-), between the input variables and the BCRs is shown, along with a 

brief interpretation of the overall results for each input variable. Table 22 on page 45 shows the 

individual plots of the sensitivity analysis results. 

Parameter Correlation Discussion 

Debt ·fraction + Higher debt fractions resulted in more cost-effective outcomes. 

Cost per watt - Cost per watt had a significant negative correlation: the more 
expensive the system, the lower its cost-effectiveness. --- -------·-

Debt rate - Lower-cost debt resulted in more cost-effective outcomes. -·---·------ ··--
The output varied by the orientation ofthe solar panels. Cost-

Azimuth effectiveness decreased as the azimuth was varied in either 
direction from the optimal midpoint. 

-· "" -
Higher availability resulted in higher cost-effectiveness. Reduced 

Availability + availability resulted in reduced energy output, making the systems 
less cost-effective. 

---~----·-" 

The federal tax rate had a slight positive correlation with the BtR, 

Federal tax rate + 
so that higher marginal federal tax rates resulted in more cost-
effective outcomes. (Except for the Multifamily building model, 
where a slight negative correlation is seen.) ------·---·-
Varying the discount rate had variable effects on the outcome, 

Discount rate +/- including positive, negative, or no correlation, depending on the 
building model. ----

Size - Increasing size typically resulted in slightly decreasing cost-
effectiveness. 

Table 21 Qualitative summary of sensitivity analysis. 
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Table 22 Graphs of all individual sensitivity analyses. Input values, plotted on the X axis, were varied as described in Table 20 on page 42. The 
vertical axis shows the benefit to cost ratio. The black line shows the results for the year 2015, while the gray fine shows the results for 2017. The 
circles indicate the values for the reference scenario. The X axis scale varies with each parameter and building model. The Y axis scale has two 
ranges, one for the residential buildings (single- and multifamily}, and another for the commercial buildings. 
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5.4 Carbon Emissions 
A reduction in the emissions of greenhouse gases (GHGs) is a goal of the proposed ordinance. 

Photovoltaic systems are a clean energy source that does not produce emissions once installed. In 

addition, lifecycle 'emissions are low (Hertwich et al 2014). In contrast, grid power is provided through a 

combination of sources, including fossil fuels that result in emission of greenhouse gases. Each unit of 

energy produced by a photovoltaic system displaces energy that would otherwise be provided by grid 

power, thus reducing greenhouse gas emissions. Lifetime avoided COz emissions were estimated for the 

modeled projects to assess their possible contribution to the goal of reducing emissions of greenhouse 

gases. 

PG&E publishes estimated COz emissions per MWh of electric energy consumed for the period 2003 to 

2020 (PGE 2013). The COz emissions due to PG&E's electric generation mix have been declining over this 

period. The average rate of decline was used to forecast estimated emissions for the foll period of the 

study. Total avoided emissions were then calculated as the sum of the forecasted emissions in each year 

multiplied by the expected annual energy generation from the modeled systems in each year; see 

Equation 3 below for details of the calculation. These results are intended to provide a general sense of 

the expected COz emission reductions. The calculations do not account for all sources of variability, for 

instance they do not take into account hourly variability in emissions. 

n 

Cavoided = L Ci X Ei Total avoided COz emissions in metric tons (MT). 

____ _____i..=L_. __ ,_ .. _____ , ____ _,_----,--------------------------
Metric tons of COz emissions per megawatt hour (MT/MWh) in year i. 
Forecast for 2015 to 2020 is based on PG&E's published forecast, after 
2020 emissions are reduced by forecasted decline. 

-----·-·--·--:...-£~·-· Energy output in year 0 is scaled by compounded annual degradation rate 
E· = -----.,--

--~___(1 + B_e)_~=··1---~(M_W_h_,_). ___________ _ 
RE = 0.005 Annual degradation rate of photovoltaic system. 

Equation 3 Calculation of lifetime avoided C02 emissions. 

Figure 11 below shows lifetime avoided COz emissions for systems installed in 2015. Avoided emissions 

range from 5.7 MT for the Multifamily Common building model and up to 2150 MTfor the Large Retail 

building model. Avoided emissions depend on year of installation and are proportional to system size, 

not percent of energy offset. For systems installed in 2015, each 1 kW of capacity avoids 3.6 MT C02, 

while for systems installed in 2017 each 1 kW avoids 3.2 MT COz, For instance, considering systems 

installed in 2015, the system for the Warehouse building model can offset 94% of the electric energy 

consumption, while the system for the Large Office building model can offset just 4%. Despite these 

differences in percent of energy offset, the Warehouse system can avoid emission of 306 MT COz while 

the Large Office system can avoid emission of 373 MT C02. 
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Figure 11 Avoided emissions are proportional to system size, not percent of energy offset. Circle size is 
proportional to lifetime avoided C02 emissions. Labels show building name and avoided lifetime C02 
emissions. Values are for systems installed in 2015. 

Converting the avoided emissions per year to a carbon price provides another way to measure the 

benefits associated with photovoltaic systems. A price forecast for carbon was constructed from several 

sources and converted to constant 2015 dollars. The CEC has developed a price forecast for carbon in its 

update of the TDV metric for the 2016 code cycle, which provided a forecast of carbon prices in current 

dollars from 2017 through 2046 (CEC 2014b). Carbon prices were extracted from the CEC Title 24 TDV 

Calculator and deflated using a 2% inflation rate to 2015 dollars (CEC 2014c, worksheets "Emissions" and 

"Base Inputs"). To determine a price for 2015-2016, the current price of carbon (as of November 16, 

2014) trading in California was escalated by 5% per year in real terms (State of California 17 CCR§ 

95911). The two sequences were combined to build an approximate carbon price forecast from 2015 to 

2046. 

Figure 12 below shows the benefit or cost of avoided C02 emissions for the residential and commercial 

model buildings, respectively. These costs and benefits could be compared to the cost of greenhouse 

gas mitigation actions undertaken through other measures and policies. The benefit or cost was 

calculated by dividing the net present value (NPV) of the projects by their lifetime avoided emissions. 

Where the NPV was positive, customers essentially earned an excess return while reducing emissions. 

Where the NPV was negative, customers incurred a cost for each unit of avoided emissions. The Single 

Family Low Income building model incurred a cost of $85 in 2015, but this shifted to a benefit of 

$100/MT C02 in 2017. For the other residential categories-single-family and multifamily-there were 

significant benefits per avoided ton. The commercial building models had a benefit for each avoided ton 

in 2015, but in 2017 several commercial building models incurred costs of between $9 and $53/MT C02. 
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Figure 12 Benefit (or cost) of avoided C02 emissions. 

For photovoltaic systems installed in 2015, the lifetime value of avoided C02 emissions for each 1 kW of 

generating capacity was estimated at $114, while in 2017 the value was estimated at $125. Figure 13 

below shows the relative value of the avoided emissions for the commercial projects compared to the 

projects' overall net present values for systems i.nstalled in 2015. The value of the avoided C02 emissions 

ranged from 7% to 23% of the projects' NPVs. 

Value of avoided C02 emissions as proportion of NPV 
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Figure 13 Lifetime value of avoided C02 emissions as.proportion of overall project net present value 
(NPV). The labels above each column show the present value of the lifetime avoided carbon emissions 
along with the project's total NPV. 
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5.5 Building Costs 
Inclusion of photovoltaic systems in new building construction adds an additional upfront cost to 

existing construction costs. The table below shows estimated added construction costs due to the 

installation of photovoltaic systems in the commercial building models. Construction costs, in dollars per 

square foot, were obtained from various sources (CRES 2014, CMD Group 2013). Estimated additional 

construction costs ranged from 0.4% to 8.4%. These data provide only a rough approximation of actual 

construction costs; real-world project costs would be expected to differ from these estimates. 

Floor Construction System Added 

Area Construction cost cost cost 

Building (ft2) cost ($/ft2) (x$1000) (x$1000) (%) Source 

Multifamily 6960 263 1829 41 2.2% CRES 
1---·- -
Multif~mily Common 6960 263 1829 7 0.4% CRES 
Small Hotel 42554 196 8341 167 2.0% CRES ·------·-- -
~~~e Office ·- 498589 185 92239 487 0.5% CRES 
Medium Office 53628 196 10511 209 2.0% Estimated 
t---·--·----·~ 

Small Office 5502 222 1221 65 5.3% CMD 
Small Restaurant 2501 273 683 29 4.3% CMD 

-
Large Retail 240000 140 33600 2812 8.4% Estimated 
Medium Retail 24563 140 3439 288 8.4% CMD -· ·- '" 

Warehouse 49495 140 6929 441 6.4% Estimated 

Table 23 Estimated additional construction costs due to installation of the modeled photovoltaic systems. 

5.6 Aggregate Results 
An analysis of aggregate results was done to estimate the overall potential energy generation, energy 

offset, and carbon emission reduction that the proposed installation of photovoltaic systems could have 

in San Francisco. This was a retrospective analysis, in which solar generation was applied to buildings 

already in the pipeline, to provide a measure of the effect had these buildings all included the proposed 

solar generation capability. The analysis was done on buildings in the Planning Department's building 

pipeline for the years 2008-2014, where the year is ~ased on the year that the first filing was made. 

5.6.1 Aggregate Analysis Methods 
San Francisco maintains a database of projects in its building pipeline (SF 2014). The "pipeline consists of 

development projects that would add residential units or commercial space, applications for which have 

been formally submitted". Completed projects are taken out of the pipeline. For this analysis, the most 

recent available data set, for the third quarter of 2014, was used. The data included information about 

construction projects, including descriptive text, filing dates, and other parameters. In addition, the 

planning department provided a Department of Building Inspection (DBI) data set, which contained data 

on area allocated by end use category as well as building lot area (Aksel Olsen, Planning Department, 

private communication). The datasets were cross-referenced using a common case number. 

The most recent proposal from the Department of the Environment was to exclude buildings over 10 

stories in height from the requirement for solar generation. Therefore, the aggregate analysis excluded 
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any buildings greater than 10 stories. In addition, the relevance of each project to the analysis was 

determined using several criteria: additions were excluded, since they will be excluded by the proposed 

ordinance; and complex projects involving many buildings or general redevelopment plans were 

excluded due to the difficulty in estimating building parameters. 

The number of floors and roof area were estimated using several methods. Estimated roof area was 

calculated by.dividing project area by an estimated number of floors, limited to a maximum of 80% of 

total lot area. Some project entries included the number of floors and building heights in the descriptive 

text associated with each project. Where they were provided, the number offloors and heights of the 

buildings were determined based on the text. Where only height information was provided, an average 

floor height of 11.5 ft for mixed-use buildings was used and the number of floors was estimated by 

dividing the buildings' heights by this average floor height (CTBUH 2014). The average number of floors 

for all included projects was then calculated. The average number of floors was used for the remaining 

projects if both number of floors and height were unavailable. 

Electric energy consumption was estimated by assigning end-use intensity (EUI) values in kWh/ft2/yr to 

each of the end-use types (see Table 24 below). The EU ls were then multiplied by the area of each end­

use. The EU ls were based on the prototypical building models, and thus represent estimates appropriate 

for buildings compliant with the 2013 energy standards. Where no corresponding category was 

available, the end-use intensity for the Medium Office building model was used. This end-use intensity is 

not completely accurate for the projects in the pipeline. Many of those projects predate the 2013 

energy standards and would be expected to have higher EU ls. 

Code Description Building model kWh/ft2/yr 
CIE Cultural, institutional, and educational Medium Office 7.79 

!----·---·---------· 
MIPS Office Medium Office 7.79 

--··-··----·------
PDR Production, distribution, repair/light industry Medium Office 7.79 --------------- -·-·------
RES Residential Multifamily 3.28 -- ----··-------
RET Retail or entertainment Large Retail 7.70 

>--·-----·---· 
VIS Hotels and motels Small Hotel 3.81 

Table 24 End use intensities for electric energy consumption. 

Energy generation potential was estimated from the available roof area and the solar panel efficiency 

parameters. The solar ready area was set at 15% of estimated roof area. Generation potential in kW DC 

and in kWh/yr AC was then calculated using the photovoltaic system energy density parameters 

developed for the reference scenario (see 4.2 Photovoltaic System Performance on page 26). Lifetime 

avoided C02 emissions potential was estimated by multiplying the generation potential by the lifetime 

avoided emissions for projects installed in 2015 and having an azimuth of 180° and a tilt of 33° (see 5.4 

Carbon Emissions on page 47). 
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5.6.2 Aggregate Analysis Results 
Aggregate totals for all projects2

, shown in Table 25 below, were calculated for each year from 2008 to 

2014. If all 200 of the analyzed projects in the pipeline were to install solar photovoltaic systems on 15% 

of their roof area, they would generate 10.5 GWh/yr of electricity, offsetting 16% of the projects' energy 

consumption over the lifetime of the photovoltaic panels. Assuming installation in 2015, they would also 

avoid 26.3 MT of C02 emissions over the projects' lifetimes. Stated another way, 15% of the rooftops of 

the relevant buildings in the city's building pipeline represent 434,000 square feet of potential solar 

area, or nearly 10 acres. This is sufficient area to install a total of almost 7.4 MW of solar generating · 

capacity providing 10.5 GWh per year. 

Lifetime 
Generation Generation avoided 

Area Consumption Roof area Solar area potential potential Offset emissions 
Year Count (M ft2} (GWh/yr) (M ftzl (M ft2} (MW} (GWh/yr) potential (MTC02} 

2008 19 0.33 1.12 0.07 0.01 0.17 0.25 22% 612 

2009 16 1.50 7.64 0.30 0.05 0.77 1.10 14% 2750 

2010 15 2.72 9.98 0.55 0.08 1.41 2.00 20% 4995 

2011 8 0.25 0.86 0.05 0.01 0.13 0.18 22% 460 

2012 32 1.87 8.17 0.38 0.06 0.97 1.38 17% 3439 

2013 66 5.97 3.0.78 1.21 0.18 3.09 4.40 14% 10966 

2014 44 1.65 7.70 0.33 0.05 0.85 1.22 16% 3038 

Total 200 14.29 66.24 2.90 0.43 7.39 10.52 16% 26259 

Table 25 Aggregate totals for all projects and all years {2008~2014). 

2 The data for 2014 included only the first three quarters, so the final 2014 numbers are expected to be higher. 
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Forecast- Mid Demand Case; http://www.energy.ca.gov/2013_energypolicy/documents/ 

CEC 2014a; California Energy Commission; Process for Adopting Local Standards; 
http://www.e n ergy .ca .gov /title24/2013sta nda rds/ ordinances/ 

CEC 2014b; Energy and Environmental Economics for the California Energy Commission; Time 
Dependent Valuation of Energy for Developing Building Standards; July 2014; 
http://www.e n e rgy. ca .gov /title24/2016sta n da rds/ preru le ma king/ docu me nts/2014-07-
09 _works ho p/2017 _ TDV _Documents/2016_ TDV _Methodology_Report_Final.docx 

CEC 2014c; Energy and Environmental Economics for the California Energy Commission; CEC Title 24 TDV 

Calculator; http://www.energy.ca.gov/title24/2016sta ndards/preru lemaking/ docu ments/2014-07-
09 _ workshop/2017 _ TDV _Docu ments/2016_ TDV _ U pdate_2014-07-07 .xlsm 

CMD Group 2013; RSMeans' dollar-per-square-foot construction costs for four small commercial types 
of structure; http://www.reedconstructiondata.cow/Ma rket-1 ntelligence/ Articles/2013/8/RSMea ns­
dolla r-per-sq ua re-foot-construction-costs-for-four-small-com mercia 1-types-of-structu re­
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COE 2014; San Francisco Commission on the Environment; Commission on the Environment Resolution 
in Support of San Francisco Solar Policy for New Construction, Resolution 009-14-COE; July 22, 2014; 

http://www.sf environ ment.org/ sites/ de fa u It/files/agenda/attach/ re solution_ support_ sf_sola r _ req u 
irements.pdf 

CRES 2014; Commercial Real Estate Specialists; Cost Per Square Foot For New Commercial Construction 
(based on EVstudio); http://www.thecommercialrealestatespecialists.com/cpsf.html 

CSI 2014a; California Solar Initiative, California Public Utilities Commission; About the California Solar 

Initiative; http://www.cpuc.ca.gov/PUC/energy /Sola r/aboutsolar. htm 

CSI 2014b; Go Solar California; Download Current CSI Data; 
http://www.californiasolarstatistics.ca.gov/current_data_files/ 

CTBUH 2014; Council on Tall Buildings and Urban Habitat; Height Calculator; 
http://www. ct bu h .org/H igh Rise Info/Ta lie st Data base/Criteria/He ightCa lcu la tor /ta bid/ 1007 /la ngu ag 
e/en-GB/Default.aspx. 

E3 2011; Energy and Environmental Economics for the California Public Utilities Commission; California 
Solar lnitiat.ive Cost-Effectiveness Evaluation; April 2011; p60; ftp://ftp.cpuc.ca.gov/gopher­
data/energy_division/csi/CSl%20Report_Complete_E3_Final.pdf 

E3 2013; Energy and Environmental Economics for the California Energy Commission; Cost-Effectiveness 
of Rooftop Photovoltaic Systems for Consideration in California's Building Energy Efficiency 
Standards (draft); May 2013; CEC-400-2013-005-D; 

http://www.energy.ca.gov/2013publications/CEC-400-2013-005/CEC-400-2013-005-D.pdf 

EERE 2014; Office of Energy Efficiency and Renewable Energy, U.S. Department of Energy; EnergyPlus 
Energy Simulation Software; 
http:// a pps 1. ee re.energy .gov /bu i Id i ngs/ en e rgyplus/ en ergyplus _a bout.cfm 

EPA 2008; U.S. Environmental Protection Agency; Understanding Cost-Effectiveness of Energy Efficiency 

Programs; http://www.epa.gov/cleanenergy/documents/suca/cost-effectiveness.pdf 

FTB 2014; State of California Franchise Tax Board; 2014 California Tax Rates and Exemptions; 
https://www.fib.ca.gov/forms/2014_ California_ Tax_Rates_a nd_Exem ptions.shtm I 

Hertwich et al 2014; Integrated life-cycle assessment of electricity-supply scenarios confirms global 
environmental benefit of low-carbon technologies; Proceedings of the National Academy of 
Sciences; http://www.pnas.org/cgi/doi/10.1073/pnas.1312753111 

Inflation Data 2014; Average Annual Inflation by Decade, updated 4/15/2013; 
http://inflationdata.com/lnflation/lnflation/Decadelnflation.asp. 

lntegra Realty Resources 2014a; lntegra Realty Resources 2014 Mid-year Viewpoint, San Francisco, CA, 
Industrial; http://www.irr.com/ _Filelibrary/Office/M1040/2014%20Mid-
Year%20Viewpoint_Sa n%20Francisco_lndustrial.pdf 

lntegra Realty Resources 2014b; lntegra Realty Resources 2014 Mid-year Viewpoint, San Francisco, CA, 
Lodging; http://www.irr.com/_Filelibrary/Office/M1041/2014%20Mid­
Year%20Viewpoint_San%20Francisco_Lodging.pdf 

lntegra Realty Resources 2014c; lntegra Realty Resources 2014 Mid-year Viewpoint, San Francisco, CA, 
Multifamily; http://www.irr.com/ _Filelibrary/Office/M 1042/2014%20Mid­
Year%20Viewpoint_San%20Francisco _Multifamily.pdf 
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lntegra Realty Resources 2014d; lntegra Realty Resources 2014 Mid-year Viewpoint, San Francisco, CA, 
Office; http://www.irr.com/_Filelibrary /Office/M 1043/2014%20M id-
Yea r%20Viewpoint_ San%20Francisco _Office. pdf 

lntegra Realty Resources 2014e; lntegra Realty Resources 2014 Mid-year Viewpoint, San Francisco, CA, 

Retail; http://www.irr.com/ _Filelibrary/Office/M1044/2014%20M id-
Yea r%20Viewpoint_ San%20Francisco _Retail. pdf 

IRS 2014; U.S. Internal Revenue Service; Publication 936; 

http://www.irs.gov/publications/p936/ar02.htm I 

KEMA 2010; KEMA, Inc. for the California Energy Commission; 2009 California Residential Appliance 
Saturation Study, Executive Summary; CEC-200-2010-004-ES; October 2010; 
http://www.energy.ca.gov/2010publications/CEC-200-2010-004/CEC-200-2010-004-ES.PDF 

MASH 2014; CSI Multifamily Affordable Solar Housing (MASH) Program, California Public Utilities 
Commission;; http://www.cpuc.ca.gov/P UC/ energy /Solar/mash.htm 

NCSC 2014a; North Carolina Solar Center; Database of State Incentives for Renewables and Efficiency, 
Business Energy Investment Tax Credit (ITC); March 13, 2014; 
http://www.dsireusa.org/incentives/incentive.cfm?lncentive_Code=US02F 

NCSC 2014b; North Carolina Solar Center; Database of State Incentives for Renewables and Efficiency, 
Residential Renewable Energy Tax Credit; October 6, 2014; 
http://www. dsireusa .o rg/incentives/i nee ntive. cfm ?I nee ntive _ Code=U S3 7 F&re=l&ee=l 

NCSC 2014c; North Carolina Solar Center; Database of State Incentives for Renewables and Efficiency, 
Property Tax Exclusion for Solar Energy Systems; November 6, 2014; 
http://www.dsireusa.org/incentives/incentive.cfm?lncentive_Code=CA25F 

NREL 2014a; National Renewable Energy Laboratory; A Performance Calculator for Grid-Connected PV 
Systems (PV Watts); http://rredc.nrel.gov/solar/calculators/pvwatts/versionl/. 

NREL 2014b; National Renewable Energy Laboratory; System Advisor Model (SAM); 
https://sam.nrel.gov/ 

NREL 2014c; National Renewable Energy Laboratory; National Solar Radiation Data Base 1991- 2005 
Update: Typical Meteorological Year 3, 724940 San Francisco Intl AP; 

http://rredc.nrel.gov/solar/ old_data/ nsrd b/1991-2005/tmy3/ 

NSHP 2014; New Solar Homes Partnership, California Energy Commission; 
http://www.gosolarcalifornia.ca.gov/about/nshp.php 

OPR 2002; Governor's Office of Planning and Research, State of California; California Standard Practice 
Manual: Economic Analysis of Demand-Side Programs and Projects; 
http://www.calmac.org/events/SPM_9_20_02.pdf 

PGE 2013; Pacific Gas & Electric Company; Greenhouse Gas Emission Factors: Guidance for PG&E 
Customers; April 2013; 

http://www.pge.com/includes/docs/pdfs/shared/environment/calculator/pge_ghg_emission_factor 
_info_sheet.pdf 

PGE 2014a; Pacific Gas and Electric Company; CARE Program Guidelines; 

http://www.pge.com/en/myhome/saveenergymoney/financialassistance/care/eligibility/index.page 

PGE 2014b; Pacific Gas and Electric Company; Electric Rates; http://www.pge.com/tarifl'.s/electric.shtml 
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PGE 2014c; Pacific Gas and Electric Company; Net Surplus Compensation Rates for Energy; 
http://www.pge.com/includes/docs/pdfs/shared/solar/AB920_RateTable.pdf 

Realty Rates 2014; Investor Survey, 4th quarter of 2014, Permanent Financing; 
http://www.realtyrates.com/commercial-mortgage-rates.html 
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SF 2014; City and County of San Francisco Planning Department; The Pipeline Report; http://sf­
planning.org/index.aspx?page=1691. 

SFPUC 2014; San Francisco Public Utilities Commission; GoSolarSF Incentive; 
http://sfwater.org/index.aspx?page=133 

Short et al 1995; Short, W. et al; A Manual forthe Economic Evaluation of Energy Efficiency and 
Renewable Energy Technologies; National Renewable Energy Laboratory; 
http://www.nrel.gov/docs/legosti/old/5173.pdf 

Tax-Brackets.org 2013; California Income Tax Brackets; http://www.tax-brackets.org/californiataxtable 

U.S. Census Bureau 2014; State & County QuickFacts, San Francisco County, California; 
http://quickfacts.census.gov/qfd/states/06/06075.html 

Wilcox B 2013; CBECC-Res 2013; http://www.bwilcox.com/BEES/BEES.html 
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City Hall 

BOARD of SUPERVISORS 
1 Dr. Carlton B. Goodlett Place, Room 244 

San Francisco 94102-4689 
Tel. No .. 554-5184 
Fax No. 554-5163 

TDD/TTY No. 554-5227 

MEMORANDUM 

TO: Tom Hui, Director, Department of Building Inspection 
Sonya Harris, Secretary, Building Inspection Commission 

FROM: Andrea Ausberry, Assistant Clerk 
Land Use and Transportation Committee 

DATE: April 7, 2016 

SUBJECT: LEGISLATION INTRODUCED - SUBSTITUTE 

The Board of Supervisors' Land Use and Transportation Committee has received the 
following legislation, introduced by Supervisor Wiener on April 5, 2016: 

File No. 160154~2 

Ordinance amending the Green Building Code and the Environment Code to 
establish requirements for certain new building construction facilitating 
development of renewable energy facilities; updating provisions of the Green 
Building requirements for City buildings; setting an operative date of January 1, 
2017; providing findings as to local conditions pursuant to the California Health 
and Safety Code; directing the Clerk of the Board of Supervisors to transmit the 
ordinance to appropriate State officials; and affirming the Planning Department's 

. determination under the California Environmental Quality Act. 

The proposed ordinance is being transmitted pursuant to Charter, Section D3.750-5, for 
public hearing and recommendation. It is pending before the Land Use and 
Transportation Committee. 

The Building Inspection Commission has submitted its recommendation dated 
March 22, 2016, for its hearing held on March 16, 2016. This substitute legisl8tion 
deletes the Planning Commission's findings. 

Please forward me the Commission's recommendation and reports at the Board of 
Supervisors, City Hall, Room 244, 1 Dr. Carlton B. Goodlett Place, San Francisco, CA 
94102 or by email at: andrea.ausberry@sfgov.org. 

c: William Strawn, Department of Building Inspection 
Carolyn Jayin, Department of Buildi~f6 V'fpection 



BOARD of SUPERVISORS 

Sarah Jones 
Environmental Review Officer 
Planning Department 
1650 Mission Street, Ste. 400 
San Francisco, CA 94103 

Dear Ms. Jones: 

April 7, 2016 

File No. 160154-2 

On April 5, 2016, Supervisor Wiener introduced the following proposed substitute 
legislation: 

File No. 160154-2 

Ordinance amending the Green Building Code and the Environment Code to 
establish requirements for certain new building construction facilitating 
development of renewable energy facilities; updating provisions of the Green 
Building requirements for City buildings; setting an operative date of January 1, 
2017; providing findings as to local conditions pursuant to the California Health 
and Safety Code; directing the Clerk of the Board of Supervisors to transmit the 
ordinance to appropriate State officials; and affirming the Planning Department's 
determination under the California Environmental Quality Act. 

This legislation is being transmitted to you for environmental review. 

Angela Calvillo, Clerk of the Board 

c-A~ 
By: Andrea Ausberry, Assistant Clerk 

Land Use and Transportation Committee 

Attachment 

c: Joy Navarrete, Environmental Planning 
Jeanie Poling, Environmental Planning 
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City Hall 

BOARD of SUPERVISORS 
1 Dr. Carlton B. Goodlett Place, Room 244 

San Francisco 94102-4689 
Tel. No. 554-5184 
Fax No. 554-5163 

TDD/TTY No. 554-5227 

MEMORANDUM 

TO: Deborah Raphael, Director, Department of the Environment 
Harlan Kelly, Jr., General Manager, Public Utilities Commission 

FROM: Andrea Ausberry, Assistant Clerk, Board of Supervisors 

DATE: April 7, 2016 

SUBJECT: LEGISLATION INTRODUCED - SUBSTITUTE 

On April 5, 2016, Supervisor Wiener introduced the following proposed legislation: 

File No. 160154-2 

Ordinance amending the Green Building Code and the Environment Code to 
establish requirements for certain new building construction facilitating 
development of renewable energy facilities; updating provisions of the Green 
Building requirements for City buildings; setting an operative date of January 1, 
2017; providing findings as to local conditions pursuant to the California Health 
and Safety Code; directing the Clerk of the Board of Supervisors to transmit the 
ordinance to appropriate State officials; and affirming the Planning Department's 
determ.ination under the California Environmental Quality Act. 

This matter is being referred to you since it may affect your department. 

If you have any comments or reports to be considered with the proposed legislation, 
please forward them to me at the Board of Supervisors, City Hall, Room 244, 1 Dr. 
Carlton B. Goodlett Place, San Francisco, CA 94102 or by email: 
andrea.ausberrv@sfgov.org 

c: Guillermo Rodriguez, Department of the Environment 
Juliet Ellis, Public Utilities Commission 
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City Hall 

BOARD of SUPERVISORS 
1 Dr. Carlton B. Goodlett Place, Room 244 

San Francisco 94102-4689 
Tel. No. 554-5184 
Fax No. 554-5163 

TDD/TTY No. 554-5227 

MEMORANDUM 

TO: Tom Hui, Director, Department of Building Inspection . 
Sonya Harris, Secretary, Building Inspection Commission 

FROM: J'Alisa Somera, Assistant Clerk 
\)I Land Use and Transportation Committee 

DATE: February 26, 2016 

SUBJECT: LEGISLATION INTRODUCED 

The Board of Supervisors' Land Use and Transportation Committee has received the 
following legislation, introduced by Supervisor Wiener on February 26, 2016: 

File No. 160154 

Ordinance amending the Green Building Code and the Environment Code to 
establish requirements for certain new building construction facilitating 
development of renewable energy facilities; updating provisions of the Green 
Building requirements for City buildings; setting an operative date of January 1, 
2017; providing findings as to local conditions pursuant to the California Health 
and Safety Code; directing the Clerk of the Board of Supervisors to transmit the 
Ordinance to appropriate State officials; affirming the Planning Department's 
determination under the California Environmental Quality Act; and makjng 
findings of consistency with the General Plan, and the eight priority policies of 
Planning Code, Section 101.1. 

The proposed ordinance is being transmitted pursuant to Charter, Section D3.750-5, for 
public hearing and recommendation. It is pending before the Land Use and 
Transportation Committee and will be scheduled for hearing upon receipt of your 
response. 

Please forward me the Commission's recommendation and reports at the Board of 
Supervisors, City Hall, Room 244, 1 Dr. Carlton B. Goodlett Place, San Francisco, CA 
94102 or by email at: alisa.somera@sfgov.org. 

c: William Strawn, Department of Building Inspection 
Carolyn Jayin, Department of Building Inspection 
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BOARD of SUPERVISORS 

Sarah Jones 
Environmental Review Officer 
Planning Department 
1650 Mission Street, Ste. 400 
San Francisco, CA 94103 

Dear Ms. Jones: 

. February 26, 2016 

File No. 160154 

On February 23, 2016, Supervisor Wiener introduced the following proposed legislation: 

File No .. 160154 

Ordinance amending the Green Building Code and the Environment Code to 
establish requirements for certain new building construction facilitating 
development of renewable energy facilities; updating provisions of the Green· 
Building requirements for City buildings;· setting an operative date of January 1, 
2017; providing findings as to local conditions pursuant to the California Health 
and Safety Code; directing the Clerk of the Board of Supervisors to transmit the 
Ordinance to appropriate State officials; affirming the Planning Department's 
determination under the California Environmental Quality Act; and making 
findings of consistency with the General Plan~ and the eight priority policies of 
Planning Code, Section 101.1.- · 

'This legislation is being transmitted to you for environmental review. 

Angela Calvillo, Clerk of the Board 

By: Alisa Somera, Assistant Clerk 
Land Use and Transportation Committee 

Attachment 

c: Joy Navarrete, Environmental Planning 
Jeanie Poling, Environmental Planning 
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BOARD of SUPERVISORS 

Planning Commission 
Attn: Jonas lonin 
1650 Mission Street, Ste. 400 
San Francisco, CA 94103 

Dear Commissioners: 

February 26, 2016 

On February 23, 2016, Supervisor Wiener introduced the following proposed legislation: 

File No. 160154 

Ordinance amending the Green Building Code and the Environment Code to 
establish requirements for certain new building construction facilitating 
development of renewable energy facilities; updating provisions of the Green 
Building requirements for City buildings; setting an operative date of January 1, 
2017; providing findings as to local conditions pursuant to the California Health 
and Safety Code; directing the Clerk of the Board of Supervisors to transmitthe 
Ordinance to appropriate State officials; affirming the Planning Department's 
determination under the California Environmental Quality Act; and making 
findings of consistency with the 

The proposed ordinance is being transmitted pursuant to Planning Code,· Section 
302(b), for public hearing and recommendation. The ordinance is pending before the 
Land Use and Transportation Committee and will be scheduled for hearing upon receipt 
of your response. 

Angela Calvillo, Clerk of the Board 

By: Alisa Somera, Assistant Clerk 
Land Use and Transportation Committee 

c: John Rahaim, Director of Planning 
Aaron Starr, Acting Manager of Legislative Affairs 
Scott Sanchez, Zoning Administrator 
Sarah Jones, Chief, Major Environmental Analysis 
AnMarie Rodgers, Legislative Affairs 
Jeanie Poling, Environmental Planning 
Joy Navarrete, Environmental Planning 
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City Hall 

BOARD .of SUPERVISORS 
1 Dr. Carlton B. Goodlett Place, Raom 244 

San Francisco 94102-4689 
Tel. No. 554-5184 
Fax No. 554-5163 

TDD/TTY No. 554-5227 

MEMORANDUM 

TO: Deborah Raphael, Director, Department of the Environment 
Harlan Kelly, Jr., General Manager, Public Utilities Commission 

FROM: f nsa Somera, Assistant Clerk, Board of Supervisors 

DATE: January 19, 2016 

SUBJECT: LEGISLATION INTRODUCED 

On February 23, 2016, Supervisor Wiener introduced the following proposed legislation: 

File No. 160154 

Ordinance amending the Green Building Code and the Environment Code to 
establish requirements for certain new building construction facilitating 
development of renewable energy facilities; updating provisions of the Green 
Building requirements for City buildings; setting. an operative date of January 1, 
2017; providing findings as to local conditions pursuant to the California Health 
and Safety Code; directing the Clerk of the Board of Supervisors to transmit the 
Ordinance to appropriate State officials; affirming the Planning Department's 
determination under the California Environmental Quality Act; and making 
findings of consistency with the General Plan, and the eight priority policies of 
Planning Code, Section 101.1. 

This matter is being referred to you since it may affect your department. 

If you have any comments or reports to be considered with the proposed legislation, 
please forward them to me at the Board of -Supervisors, City Hall, Room 244, 1 Dr. 
Carlton B. Goodlett Place, San Francisco, CA 94102 or by email: 
alisa.somera@sfgov.org. 

c: Guillermo Rodriguez, Department of the Environment 
Juliet Ellis, Public Utilities Commission 
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Introduction Form 
By a Member of the Board of Supervisors or the Mayor 

Time stamp 

I hereby submit the following item for introduction (select only one): or meeting date 

D 1. For reference to Committee. 

An ordinance, resolution, motion, or charter amendment. 

D 2. Request for next printed agenda without reference to Committee. 

D 3. Request for hearing on a subject matter at Committee. 

4. Request for letter beginning "Supervisor inquires" 

5. City Attorney request. 

6. Call File No. .-, --------.-.I from Co.mmittee. 

7. Budget Analyst request (attach written motion). 

D 

D 

D 

D 

~ · 8. Substitute Legislation File No. '~1_6_01_5_4 _____________________ __..l 
D 9. Request for Closed Session (attach written motion). 

D 10. Board to Sit as A Committee of the Whole. 

D 11. Question(s) submitted for Mayoral Appearance before the BOS on 
~~~~~~~~~~~~~~ 

Please check the appropriate boxes. The proposed legislation should be forwarded to the following: 

D Small Business Commission D Youth Commission D Ethics Commission 

D Planning Commission D Building Inspection Commission 

Note: For the Imperative Agenda (a resolution not on the printed agenda), use a Imperative 

Sponsor(s): 

I Supervisor Wiener 

Subject: 

Green Building, Environment Codes - Better Roof Requirements for Renewable Energy Facilities 

The text is listed below or attached: 

Ordinance amending the Green Building Code and the Environment Code to establish requirements for certain new · ·· • 
building construction facilitating development of renewable energy facilities; updating provisions of the Green 
Building requirements for City buildings; setting an operative date of January 1, 2017; providing findings as to local 
conditions pursuant to the California Health and Safety Code; directing the Clerk of the Board of Supervisors to 
transmit the ordinance to appropriate State officials; and affirming the Planning Department's determination under 
the California Environmental Quality Act. 
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Signature Sponsoring Supervisor: S ~s; 
?<w Clerk's Use Only: 

...... ~ ··, 
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