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Code Readiness

Title 24 (Buildings)

Targeted Market Transformation (financial inducements for specific “technologies”)

Targeted Policy Goals (building types that support ZNE and existing buildings repeatable footprints) 

Focus on radical change, including HVAC systems with deep energy savings (less emphasis on lighting)

Receive data that supports code proposals and incentive programs 

Knowledge transfer to builders and others to improve code readiness 

Federal Standards Code Readiness

Leverage codes and standards research to develop new measures for programs
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Code Readiness Example
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Low-rise Office Demonstrations

Dedicated Outdoor Air System

Solar PV

Plug Load Controls

New Measures Target.

On-site Storage

Fault Detection Diagnostics

Demand Response

Demonstration 1: existing building retrofit

Aim for data available by Q2 2017

Include as many measures as possible

Demonstration 2: new construction, tenant improvement, or gut rehab

Ideally data available by Q2 2017, but realistically data could inform 2022 code cycle

Include all measures to capture interactive effects

We want to highlight DOAS and other





Code Readiness Example
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Low-rise Office Demonstrations

Dedicated Outdoor Air System

Daylighting

Solar PV

Plug Load Controls

Efficient Lighting Sources

Lighting Controls

Targeted measures.

On-site Storage

Fault Detection Diagnostics

Demand Response

Demonstration 1: existing building retrofit

Aim for data available by Q2 2017

Include as many measures as possible

Demonstration 2: new construction, tenant improvement, or gut rehab

Ideally data available by Q2 2017, but realistically data could inform 2022 code cycle

Include all measures to capture interactive effects

We want to highlight DOAS and other





Code Readiness Benefits

Innovation that complements product development activities

Compliments AB 758
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C&S High Level Approach

Work backward from future policy goals milestones

Focus on directed market transformation

Help expand incentive programs through collaboration and mutual support

Help to improve the work paper process

Move towards systems and away from widgets

More freedom to go after various measures

Data, data, data: increasing data collection efforts through surveys, metering, webcrawling, etc.

Make new and innovative proposals to CPUC
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Today’s Federal Standards

The Appliance and Equipment Standards program has grown to cover products representing about:

 90% of home energy use, 

 60% of commercial building energy use, and 

 30% of industrial energy use. 



More than 65 different product categories are covered.









Source: DOE
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Bottom line: due to preemption, increasingly important for strong advocacy at federal level. 
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Federal Advocacy Targets DOE, EPA, and FTE 
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*Image from CLASP
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DOE Standards Likely to be Developed or Revised between 2016 and 2030
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Residential (22)





Nonresidential (19)





Automatic Icemakers





Lighting (11)





Candelabra & Intermediate Base Incandescent Lamps





Battery Chargers





Ceiling Fan Light Kits





Ceiling Fans





Central ACs/HPs





Clothes Dryers





Clothes Washers





Computers





Dehumidifiers





Direct Heating Equip





Dishwashers





External Power Supplies





Furnace Fans





Furnaces





Microwave Ovens





Misc Refrigeration Products





Pool Heaters





Pool Pumps





Portable ACs





Ranges & Ovens





Refrigerators and Freezers





Room ACs





Water Heaters





Boilers





Clothes Washers





Compressors





Distribution Transformers





Electric Motors





Fans and Blowers





Package ACs & HPs





Package Terminal ACs & HPs





Pre-rinse Spray Valves





Pumps





Refrigeration Equipment





Single Package Vertical ACs & HPs





Small Motors





Vending Machines





Walk-in Coolers and Freezers





Warm-air Furnaces





Water Heaters





Water-source HPs





Ceiling Fan Light Kits





Compact Fluorescent Lamps





Fluorescent Lamp Ballasts





General Service Fluorescent Lamps





General Service Lamps





HID Lamps





Incandescent Reflector Lamps





Incandescent Reflector Lamps (includes certain BR and Other Exempted IRLs)





Mercury Vapor Lamp Ballasts





Metal Halide Lamp Fixtures





























Key Federal Standards Issues
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Key Issues





National EE organizations don’t always have the same priorities as PG&E.





Goals





Develop a utility coalition to strengthen the CA IOU’s federal standards advocacy efforts. 





Enhancement will help to protect and promote goals consistent with CPUC’s strategic plan and California statewide goals.





PG&E federal advocacy is significant but could be further enhanced by being more proactive. 





Enhance relationships with key Federal agencies: DOE, EPA, and FTC.





Enhance engagement with and from CA political delegation (e.g., Senators, House Reps, Governor’s Office, CEC, industry, etc.)





















Goal 1: Develop a utility coalition to strengthen the CA IOU’s federal standards advocacy efforts.  
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*Already committed

**Signed on to a previous IOU letter and generally interested

***Part of Pacific Coast Collaborative and active in C&S

Initial Targeted Utilities

(See Appendix for background. Suggested Modifications?)







Strengthens CA IOU positions. 





Strength in numbers.





Helps to dispel the notion that CA views may be outside the mainstream.





CA IOUs can leverage data and experts from other utilities.





DOE consistently asks for more data to support positions.





As DOE considers more regional standards, it’ll be helpful to coordinate with utilities in other  regions.



















1. Arizona Public Power (APS)*





2. National Grid**





3. Connecticut Power and Light





4. Con Edison





5. Long Island Power Authority 





6. Puget Sound Energy





7. PacifiCorp





8. ComEd





9. Xcel





10. BC Hydro***









































































































Federal Standard Advocacy Goals
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Goal 2: Enhance relationships with key Federal agencies: DOE, EPA, and FTC. 





Set up more in person meetings with key staff at DOE, EPA, and FTC.





Goal 3: Enhance engagement with and from CA political delegation (e.g., Senators, House Reps, Governor’s Office, CEC, etc.)





Develop a CA political delegation that can be utilized to better support CA perspectives and goals at the federal level.





High level meetings





Targeted technical meetings with agency staff and their consultants





Aim to understand their needs earlier in the process.





Aim to have a better line of communication during rulemakings.





Support various efforts related to preemption challenges:





Timing of DOE rulemakings





Preemption waiver





Legislation changes 





















Title 20 Overview: 
“Phase 1” and Drought Emergency Rulemaking Topics
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		2015 – 2016 Topics		Adoption		Effective Date

		Faucets (Kitchen, Residential & Public Lavatory)		April 2015 & 
Aug. 2015 (revised)		Tier 1: Sept. 2015 
Tier 2: July 2016

		Toilets & Urinals		April 2015		Jan. 2016

		Showerheads		Aug. 2015		Tier 1: July 2016
Tier 2: July 2018

		Dimming Ballasts		May 2015		July 2016

		Air Filter Labeling		May 2015		July 2016

		Metal Halide Fixtures		May 2015		Feb. 2017

		LED Lamps		Jan. 2016		Tier 1: Jan. 2018
Tier 2: July 2019

		Small Diameter Directional Lamps 		Jan. 2016		Jan. 2018

		Computers		~Q4 ’16, anticipated 		~2017

		Monitors and Displays		~Q4 ’16, anticipated 		~2017

		Pool Pump Motors & Portable Electric Spas		~Q4 ’16, anticipated 		~2017







Potential Future Title 20 Standards
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Note: CEC list of future topics is in development. The above topics reflect a few preliminary options from CEC staff. Other future topics being study by the IOUs include but are not limited to: outdoor lighting, servers, imaging equipment, spa covers, whole house fans, set top boxes, EV chargers, home audio, plug-in luminous signs.   







EISA Exempt Lamps





Power Factor





T12 Federal Loophole





Low Power Standby





Irrigation Emitters





Comm. Clothes Dryers





Televisions





Irrigation Controllers





Game Consoles





Solar Inverters

















































2019 Title 24 Schedule

																								

		Q1		Q2		Q3		Q4		Q1		Q2		Q3		Q4		Q1		Q2		Q3		Q4
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2016

2017

2018







Feb 2019: 2019 Standards Adopted



May 2017: Draft CASE Reports to CEC



Sep 2017: Final CASE Reports to CEC

Jan 2016 – June 2017: Data collection, research, 



July - Nov 2017: CEC Pre-rulemaking

Nov - March 2017: CEC Rulemaking



July 2016 – April 2017: Utility-sponsored stakeholder meetings





IOU Milestone

CEC Milestone





Approach to 2019 Title Code Cycle
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Support code simplification while maintaining efficiency gains

Continue providing flexibility on how to comply with code

Pursue cost effective measures that apply to all building types

Emphasis on low-rise residential and nonresidential lighting and HVAC

Explore whole-building ZNE strategies 





2019 Title 24 – Key Topics* 

Low rise residential

Cool roofs: higher SRI, more climates

Low U-factor windows and doors

Low toxicity materials 

Kitchen ventilation 

Balanced and timed ventilation

QII – quality insulation installation 

Low infiltration (blower door)

Drain water heat recovery

FDD, radiant cooling, low leak ducts

Integrated cooling with PV production curve (DR, pre-cooling, mass, insulation, and ventilation timing)



Nonresidential Lighting

LPDs based on LED efficacy

Advanced indoor controls 

Motion controls on tall poles

High efficacy lighting retrofits

Lighting controls for retrofits



HVAC

DOAS – dedicated outside air system

and heat recovery

Decoupled heating and cooling

VRF - Variable refrigerant flow 

FDD and sequences for built-up

Kitchen ventilation

Verified air sealing 
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*Working with CEC to determine final priorities







SRI = solar reflectance index
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Muni Engagement?

Engage with munis if PG&E can accomplish the following:

Cost-sharing allows PG&E/IOUs to deepen and/or broaden C&S activities

Strengthens advocacy results: primarily with the CEC, but could potentially also include CA legislature, DOE, etc.

Strengthens position with CPUC (helpful with REN dynamics)



SCPPA, LADWP, SMUD, and NCPA are the top four entities for engagement. 

All four have been involved and/or expressed interest in C&S advocacy. 

All four will likely have slightly different perspectives and procedures on how they can engage. 

Title 24 is be top priority but PG&E could also eventually explore engagement opportunities for appliance standards 
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Code Readiness

Developing code readiness demonstrations projects for the following building types and applications:

Single family

Multifamily

Low-rise office

K-12 Schools

Low-rise retail

Warehouses

Outdoor lighting

Supermarkets



Outcomes will inform and strengthen C&S advocacy and incentive program design

Design, construction, and commissioning challenges

Energy impacts

Costs

Feedback from builders, building managers, and occupants

Material for training and outreach activities to improve code compliance
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Natural Gas Issues and strategy
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Carbon emissions from PG&E gas demand will exceed those from electricity demand by 2030
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Source: CEC California Energy Demand and Gas Demand Reports

Natural Gas Demand (End use + Generation)

Natural Gas Demand (End use)

Electricity Demand





Key Natural Gas Issues for PG&E’s Codes and Standards Program

Gas appliances are mostly preempted.

Thus, key activities (e.g., most controversial) pertain to current and future DOE appliance standards.

Recent DOE rulemakings have exposed differences in positions from key stakeholders:

American Gas Association (AGA)

SoCalGas

Internal PG&E positions

DOE’s proposed standards on residential gas furnaces is the most recent but we need to prepare for future rulemakings.

Estimated Percent of CA Residential Gas Use Per CA Household Pre-empted by Federal Standards

(Grey shading indicates pre-empted; hatched indicates partial) 
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Note: this is a high-level assessment; thus, some product categories exist within wedges that may not be explicitly preempted.
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Federal Measures with Gas Savings

		Upcoming Federal Measures with Gas Savings
(bold = final rule; italics = rule not finalized)								

		End-Use Category		Commercial or Residential		Product		Final Rule Date (STD)		Effective Date (STD)

		Appliances		Commercial		Clothes Washers, Commercial		December 2014		January 2018

		HVAC		Residential		Hearth Products		Overdue		January 2019

		Other		Commercial		Pre-rinse Spray Valves		January 2016		January 2019

		HVAC		Commercial		Furnaces, Commercial		January 2016		January 2019

		HVAC		Commercial		Warm Air Furnaces		December 2015		April 2019

		Appliances		Residential		Ranges and Ovens, Residential		April 2016		April 2019

		HVAC		Commercial		Boilers, Commercial		June 2016		June 2019

		HVAC		Commercial		Water Heaters, Commercial		July 2016		July 2019

		Appliances		Residential		Dishwashers, Residential		August 2016		August 2019

		Other		Residential		Direct Heating Equipment		October 2016		October 2019

		Appliances		Residential		Clothes Dryers, Residential		October 2017		October 2020

		HVAC		Residential		Boilers, Residential		January 2016		July 2021

		HVAC		Residential		Water Heaters, Residential		October 2016		October 2021

		Other		Residential		Pool Heaters		October 2016		October 2021

		Appliances		Residential		Clothes Washers, Residential		November 2018		November 2021

		HVAC		Residential		Furnaces, Residential		Overdue		December 2021

		*Sorted by Effective Date								
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Note: water heaters and furnaces likely to be most contentious topics. 





AGA Engagement Strategy

Continue regular engagement.

At a high level, share likely positions on various DOE rulemakings.

Share analysis to support positions.

26









Residential Gas Furnaces

PG&E’s C&S Team’s Position

Proposed levels are justified with analysis showing they are cost-effective and feasible.

Increasing combustion efficiency increases value of natural gas.

AGA’s Position
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See subsequent and Appendix slides for background and detailed summary.

https://www.aga.org/natural-gas-furnace-efficiency-rule-0







Impact of 92% Res Furnace Standard on
PG&E Gas Demand
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By 2030, cumulative savings of the standard are 48 MMTherms/year.

or
1.0% of PG&E annual gas demand.

















Impact of 92% Res Furnace Standard on
SCG Gas Demand
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By 2030, cumulative savings of the standard are 77 MMTherms/year.

or
1.3% of SCG annual gas demand.





Gas Efficiency Trade Offs

Supporting increased gas efficiency:

Increases customer satisfaction

Renders gas appliances more competitive relative to electric technologies (heat pumps)

Opposing gas efficiency: 

Inconsistent with California’s loading order and decoupling policy

Runs risk of losing entire market for certain gas uses

Tankless gas water heater baseline limits broad use of heat pump water heaters
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TDV comparison is basis of Title 24 trade-offs. Tank DHW baseline (2013 Title 24)
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Easy to use heat pumps for code compliance, including

Especially for ZNE tier

Old baseline (2013 T24) encouraged fuel switching to heat pumps





Statewide Average	Tank EF 0.60	Tankless EF 0.82	Cond Tankless EF 0.96	HP EF 2.4	HP EF 2.7	0	8.2934810020630856E-2	0.11153704017894288	-1.0599011103415755E-3	2.7012086021284663E-2	CZ3 (Bay Area)	Tank EF 0.60	Tankless EF 0.82	Cond Tankless EF 0.96	HP EF 2.4	HP EF 2.7	0	0.14620547028649036	0.20153687070416249	-1.8146428499016855E-2	3.7144421240445119E-2	Compliance Margin (% TDV)



TDV comparison is basis of Title 24 trade-offs. 
Tankless baseline (2016 Title 24)
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Difficult to use heat pumps

Especially for ZNE tier

Heat pump water heater: Negative 20% compliance margin in CZ 3 (Bay Area)

Base case





Statewide Average	Tank EF 0.60	Tankless EF 0.82	Cond Tankless EF 0.96	HP EF 2.4	HP EF 2.7	-9.0435021334193857E-2	0	3.1188873452884722E-2	-9.1590774624061178E-2	-6.0980096737293377E-2	CZ3 (Bay Area)	Tank EF 0.60	Tankless EF 0.82	Cond Tankless EF 0.96	HP EF 2.4	HP EF 2.7	-0.17124198527665616	0	6.4806459273331896E-2	-0.19249584421752552	-0.12773687960104482	

Compliance Margin (% TDV)



Climate strategy

Response to S2 Strategic Plan Goal
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SB 350 Implementation: in addition to doubling EE and 50% RPS, IRP will increase focus on GHG reductions 

CPUC Statutory Requirements

Encourages widespread Transportation Electrification

Requires doubling of Energy Efficiency savings from electricity and natural gas end-uses by 2030

Increase Renewable Requirements from 33% by 2020 to 50% by 2030

Requires resource optimization and an Integrated Resource Planning (IRP) process

Integrated Resource Planning (IRP)

“will look at both supply side and demand side resources as a means of focusing on GHG emissions and reliability of the utility’s portfolio.”

Process will establish more specific GHG reduction targets for IOUs

34

Source: CPUC presentation on SB 350 (December 2, 2015)







http://www.cpuc.ca.gov/uploadedFiles/CPUC_Public_Website/Content/Utilities_and_Industries/Energy_-_Electricity_and_Natural_Gas/SB350ImplementationPresentation_120215.pdf
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CPUC Climate Change Strategic Directive

CPUC Climate Change Strategic Directive

1/8/2016 DRAFT

The Commission will promote greenhouse gas (GHG) reductions through its decisions and leadership for the betterment of California’s residents, ecosystems, climate and economy. The CPUC will: 

Implement State law and develop policies that are consistent with California’s environmental sustainability goals, most notably the need to reduce GHG emissions to 40% below 1990 levels by 2030, in a safe, cost effective and timely manner.

Consider the impact of all Commission decisions and policies on the State’s GHG emissions inventory, through quantitative and qualitative measures. 

Support inclusion of adaptation to the impacts of climate change for infrastructure and resource decisions within the State and ensure that activities by CPUC-regulated entities are so informed.

CPUC is developing a strategic directive on climate change.

Planning to formally adopt in March or April and will then develop an action plan.

PG&E’s Climate Strategy will support and align with CPUC’s strategic directive. 









Source and background:



http://www.cpuc.ca.gov/uploadedFiles/CPUC_Public_Website/Content/Transparency/Commissioner_Meetings/Draft%20SD%20Climate%20Change%2001%2008%2015.pdf 



http://www.cpuc.ca.gov/uploadedFiles/CPUC_Public_Website/Content/Transparency/Commissioner_Meetings/SDholisticassessmentandactionplanning120815.pdf
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California’s GHG Goals

Sources: Historic emissions from California's 2000-2013 greenhouse gas emission inventory (CARB). 





AB 32 limit

(1990 levels by 2020)





2030 goal

(40% below 1990 levels)

E.O. B-30-15

2050 goal

(80% below 1990 levels)

E.O. S-3-05; Pledge  made by 
123 jurisdictions, 
including CA, representing 
720 million total people and more than a quarter of the global economy



Historic emissions
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From 12/9/2015 press release: “bringing the tally to 123 jurisdictions representing more than 720 million people and $19.9 trillion in combined GDP, equivalent to more than a quarter of the global economy.” https://www.gov.ca.gov/news.php?id=19236



Details on the subnational pledge can be found at: http://under2mou.org/
Under 2 MOU: “Under 2 Memorandum of Understanding”  “Under 2” degrees C of global warming & “Under 2” annual tons of CO2e/capita, which is ~80% below 1990 levels



Acre, Brazil (*)

Alsace, France

Amazonas, Brazil

The Azores, Portugal

Baden-Württemberg, Germany (*)

Baja California, Mexico (*)

The Department of Bas-Rhin, France

Basel-Landschaft, Switzerland

Basel-Stadt, Switzerland

Basque Country, Spain

Bavaria, Germany

British Columbia, Canada (*)

California, USA (*)

Catalonia, Spain(*)

Chiapas, Mexico

Connecticut, USA

Cross River State, Nigeria

Emilia-Romagna, Italy

Estado de México, Mexico

Germany (+)

Gifu, Japan

City of Guédiawaye, Senegal

Hidalgo, Mexico

Italy (+)

Jalisco, Mexico (*)

Jiangsu Province (+)

Kathmandu Valley, Nepal

Lombardy, Italy

City of Los Angeles, USA

Luxembourg (+)

Madeira, Portugal

Greater Manchester, UK

Mexico City, Mexico

Minnesota, USA

City of Nampula, Mozambique

The Netherlands (+)

New Hampshire, USA

New York City, USA

New York State, USA

North Brabant, The Netherlands

North Holland, The Netherlands

North Rhine-Westphalia, Germany

Northwest Territories, Canada

Ontario, Canada (*)

Oregon, USA (*)

Pernambuco, Brazil

Québec, Canada

Rhône-Alpes, France

Rondônia, Brazil

City of San Francisco, USA

Sardinia, Italy

Schleswig-Holstein, Germany

Scotland, UK

Sichuan, China (+)

South Holland, The Netherlands

Thuringia, Germany

Tocantins, Brazil

Ucayali, Peru

The United Kingdom (+)

City of Vancouver, Canada

Vermont, USA (*)

Wales, UK (*)

Washington, USA (*)

Yucatán, Mexico

City of Zhenjiang, China (+)
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California's Annual GHGs

(Million Metric Tons of CO2 Equivalent) 



California’s GHG Goals

Sources: Historic emissions from California's 2000-2013 greenhouse gas emission inventory (CARB). BAU scenario from E3 and LBNL’s PATHWAYS model, “Baseline” scenario: immediate freeze on current policies . More information at: https://ethree.com/documents/E3_PATHWAYS_GHG_Scenarios_Updated_April2015.pdf





AB 32 limit

(1990 levels by 2020)





2030 goal

(40% below 1990 levels)

E.O. B-30-15



Business as Usual scenario

(E3’s PATHWAYS model) 



Historic emissions



Necessary GHG

reductions

2050 goal

(80% below 1990 levels)

E.O. S-3-05; Pledge  made by 
123 jurisdictions, 
including CA, representing 
720 million total people and more than a quarter of the global economy
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From 12/9/2015 press release: “bringing the tally to 123 jurisdictions representing more than 720 million people and $19.9 trillion in combined GDP, equivalent to more than a quarter of the global economy.” https://www.gov.ca.gov/news.php?id=19236



Details on the subnational pledge can be found at: http://under2mou.org/
Under 2 MOU: “Under 2 Memorandum of Understanding”  “Under 2” degrees C of global warming & “Under 2” annual tons of CO2e/capita, which is ~80% below 1990 levels



Acre, Brazil (*)

Alsace, France

Amazonas, Brazil

The Azores, Portugal

Baden-Württemberg, Germany (*)

Baja California, Mexico (*)

The Department of Bas-Rhin, France

Basel-Landschaft, Switzerland

Basel-Stadt, Switzerland

Basque Country, Spain

Bavaria, Germany

British Columbia, Canada (*)

California, USA (*)

Catalonia, Spain(*)

Chiapas, Mexico

Connecticut, USA

Cross River State, Nigeria

Emilia-Romagna, Italy

Estado de México, Mexico

Germany (+)

Gifu, Japan

City of Guédiawaye, Senegal

Hidalgo, Mexico

Italy (+)

Jalisco, Mexico (*)

Jiangsu Province (+)

Kathmandu Valley, Nepal

Lombardy, Italy

City of Los Angeles, USA

Luxembourg (+)

Madeira, Portugal

Greater Manchester, UK

Mexico City, Mexico

Minnesota, USA

City of Nampula, Mozambique

The Netherlands (+)

New Hampshire, USA

New York City, USA

New York State, USA

North Brabant, The Netherlands

North Holland, The Netherlands

North Rhine-Westphalia, Germany

Northwest Territories, Canada

Ontario, Canada (*)

Oregon, USA (*)

Pernambuco, Brazil

Québec, Canada

Rhône-Alpes, France

Rondônia, Brazil

City of San Francisco, USA

Sardinia, Italy

Schleswig-Holstein, Germany

Scotland, UK

Sichuan, China (+)

South Holland, The Netherlands

Thuringia, Germany

Tocantins, Brazil

Ucayali, Peru

The United Kingdom (+)

City of Vancouver, Canada

Vermont, USA (*)

Wales, UK (*)

Washington, USA (*)

Yucatán, Mexico

City of Zhenjiang, China (+)
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Historical GHG emissions	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	431	466.31670451416943	481.22671626283193	480.31679690642568	483.05430849960203	492.86131332612194	485.13228391181298	482.51819298008371	489.16033972499258	487.10051431065608	458.44118156710857	453.05547099302635	450.94310089618301	458.68460353657002	459.3	CA's GHG Budget	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	455.25714285714184	451.21428571428532	447.1714285714279	443.12857142857047	439.08571428571395	435.04285714285652	430.99999999999909	413.76000000000931	396.52000000000407	379.28000000000611	362.04000000000815	344.80000000000291	327.56000000000495	310.32000000000698	293.08000000000902	275.84000000000378	258.60000000000582	249.9800000000032	241.36000000000058	232.7400000000016	224.12000000000262	215.50000000000364	206.88000000000102	198.26000000000204	189.64000000000306	181.02000000000407	172.40000000000146	163.78000000000247	155.16000000000349	146.54000000000087	137.92000000000189	129.30000000000291	120.68000000000393	112.06000000000131	103.44000000000233	94.820000000003347	86.200000000000728	Necessary reductions	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0	0	0	0	1.7364857142860046	5.3581428571434913	9.2401000000009503	25.659499999990771	42.382399999995926	58.979299999993827	75.752499999991869	100.01579999999706	116.90529999999507	134.04389999999302	144.27679999999089	161.8778999999962	174.9141999999942	182.6560999999968	192.3674999999995	202.23089999999848	212.15789999999743	220.46259999999631	230.64699999999897	240.71969999999794	250.95899999999699	261.20569999999594	271.46209999999854	281.88919999999757	292.30189999999646	303.03789999999913	313.64359999999817	324.48269999999707	335.25959999999606	346.01089999999868	356.74449999999763	366.65949999999663	377.43309999999929	

California's Annual GHGs

(Million Metric Tons of CO2 Equivalent) 



PG&E has the Tools to “Widen” Each Wedge 
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Expand ET, EE programs, and C&S

Market transformation efforts to fully support ZNE goals 



DR programs, storage programs, etc.

Transportation electrification, EV-ready infrastructure codes, etc.

Expand water programs, water-related C&S (res, comm, and ag)

Replace HFCs with CO2 and other 
lower-GWP refrigerants

CA to remain within or 

below budget until ~2028

Additional, long term reductions needed
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Historical GHG emissions	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	431	466.31670451416943	481.22671626283193	480.31679690642568	483.05430849960203	492.86131332612194	485.13228391181298	482.51819298008371	489.16033972499258	487.10051431065608	458.44118156710857	453.05547099302635	450.94310089618301	458.68460353657002	459.3	CA's GHG Budget	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	440.85859999999991	427.12944937906286	411.64596584866445	395.53098597097193	380.27155885087018	364.96165230258794	349.89826239316824	343.86536504486793	337.95375571345869	332.04727556960859	326.17534269078214	321.20517778886648	315.63771227851026	310.17495318673679	304.3274176590067	299.25172137407236	290.2346	279.06710000000004	269.30080000000004	259.41390000000001	249.27920000000006	237.9486	227.57129999999998	217.10069999999996	206.43079999999998	195.66430000000003	185.01200000000003	174.06360000000001	164.47359999999998	156.34550000000002	147.84100000000001	139.60990000000001	130.76479999999998	122.94221999999999	115.32741999999999	107.99812000000001	101.11282	Remaining necessary savings	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	3.0686841290406903	14.050829652595638	24.341363820410379	34.809618175812773	45.551687315211439	56.828246343646612	67.909924348584639	79.043523930126611	90.45256324120885	101.96775418538459	113.37914604264748	125.63235810526453	136.51863027100072	146.08631949489543	155.97022771223129	165.68434021901587	175.98308713387351	185.24642189322608	194.29265666569768	202.68092539216579	211.01280353539818	Other state policies and goals	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0.13719096033700257	0.41976899992435629	0.7541301498364148	1.0219895242823716	1.3567158319175026	1.6893747850594096	2.0269081256521919	2.1462028117014862	2.2705148938008413	2.3919634419719662	2.5161376859936286	2.7740801968999627	2.8985848192673727	3.0271998817629688	3.0340791348956211	3.1708502233810059	3.2278201516919158	3.1906041895422632	3.1877468804348843	3.1874545468371696	3.1881576318635623	3.1633898009278654	3.1684261520447778	3.1715555972086866	3.1769983268510429	3.1823167408299367	3.1875502047513913	3.1989869627217318	3.2102918913795655	3.226246733761462	3.2404119881841056	3.2579292891595029	3.2746145705237604	3.2909855498825249	3.3071534015700341	3.3118822270173238	3.3287157450256588	High GWP gases	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0.68084704173357669	2.083216569865777	3.7425737113929567	5.0718979047951054	6.7330672397415201	8.3839767719464344	10.059076762968786	10.258363218506382	10.470995925057627	10.660672563362812	10.853888085249068	11.598338978104902	11.761141812026292	11.934728512429487	11.635686953574689	11.840992747433299	11.748798816077045	11.808438036764208	11.992887339115363	12.186892911912544	12.384828657442448	12.482443888688259	12.696553359093043	12.903620911291386	13.120725050589318	13.338075496742094	13.55581733748333	13.760539868993947	13.962714792534745	14.183403174573662	14.39469667514347	14.619466972441797	14.839243096287699	15.056319751591575	15.271205368557528	15.431556017546779	15.646664066871454	Power plants	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0.38303241312217051	1.1719805197072533	2.1055052781205394	2.8533593810394899	3.7879036471777221	4.7166759311212108	5.6590573361263887	6.4420991101373772	7.2523868081605647	8.0646989246693259	8.8960646412931297	10.229943812755936	11.09895476995762	11.990458342709026	12.391396861278237	13.31570525309211	13.90431836423196	13.824586966624178	13.89275716611818	13.972067301682914	14.055792148866944	14.026654037757977	14.129210810209729	14.223511560770882	14.32844481898862	14.4331311926593	14.537740999555364	14.469079664450739	14.401355155484014	14.355814346193045	14.303492740222838	14.267061790349	14.227963087183715	14.188485851557481	14.149109541903979	14.062119859791554	14.02779867437973	Fuels	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0.6276215180776209	1.9203601777207322	3.4499963285173223	4.6754000053202454	6.2067066805009503	7.7285556176332868	9.272703913587149	9.6765326106845926	10.099139823273578	10.505486873104172	10.920694178239598	11.907166919255765	12.312303359999641	12.732769706931389	12.643843758417717	13.098457781033439	13.22360347581094	12.938477689177322	12.794281343777225	12.660443405955906	12.530474714971538	12.301332370030243	12.188843184756093	12.068610578590015	11.956755736412537	11.843916445438165	11.730252751379776	11.592684566960944	11.45691827691593	11.339715664791662	11.217981003167344	11.109478099924775	10.999589003449401	10.890111896030888	10.781414885465081	10.637398921105982	10.534153959838273	Forests	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0.20249348495604488	0.6195779041300723	1.1130940535417109	1.5084537629311987	2.002508884150572	2.4935125957512798	2.9917108899944727	3.0232746637886789	3.0579927112675347	3.0852663713199591	3.1128879185606007	3.2965092730279655	3.3128244830947371	3.3316686410816536	3.2192246735434678	3.2468847335437432	3.193015490533563	3.1489878140263889	3.1389575703522583	3.1314565063939157	3.1249287779716854	3.0934861293481473	3.0912301076430184	3.0870914777343006	3.0851814230628167	3.0831225580619512	3.0809537572254344	3.0666112423700453	3.0524646098693871	3.0430176365758115	3.032131236733048	3.0246114699390452	3.0165243846960763	3.0083552552565376	3.0002057399235786	2.9819577457373128	2.974876064096144	Water	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0.2863836430092635	0.87626017869833839	1.5742330185805313	2.1333846075742375	2.8321197075845013	3.5265392425626492	4.2311339729921835	4.2980292393581365	4.3700402575192276	4.4320183242209481	4.4950543831059253	4.7851007146528888	4.8339626368480015	4.8869460684483848	4.7467980379081816	4.8127459139733606	4.7578045388745149	4.7295278504829144	4.7518616713167887	4.7780062538209647	4.8056599060841041	4.7947326834337005	4.8288282331056109	4.8600992373257386	4.8950002554573535	4.9298132337392264	4.9645964426269851	4.982536642537255	5.0002698957981391	5.0252443403530815	5.0474300515338708	5.0748359255748419	5.1009447433040291	5.1265629237360937	5.1518636495510162	5.1593433292955124	5.1856786969928574	Transportation	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	1.7843763921271429	5.4597321264598557	9.8086057029845133	13.292522886719993	17.646145892935767	21.972879820288153	26.363012544995435	27.779867886823229	29.258017861811513	30.695922782189481	32.165852538262108	35.336998972705771	36.800228508554795	38.313621493707593	38.288780361569543	39.905250128552275	40.517592677376165	40.529024669269987	40.971133336228696	41.445979150902907	41.934073143558479	42.083772608407202	42.627244751006216	43.146532336297831	43.698823213142077	44.251267788537064	44.804364625798613	45.269822566708442	45.729548627548432	46.252171641162306	46.746157017551084	47.285739016492613	47.810784134378011	48.32875096150952	48.841271734646362	49.181511115343291	49.698296381612082	Renewables | 50% by 2030 (SB 350)	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	1.3239450348502699	4.0509307746560514	7.2776432576463961	9.8625882712578772	13.092824665394966	16.303110301042455	19.560435632655444	20.410064669478992	21.299240616106005	22.154066611130197	23.027526205510693	25.105409334258816	25.957442558242676	26.841758997368139	26.652278489414741	27.608578430083615	27.870437028280698	27.580997803434531	27.588185544163704	27.617556418598451	27.655572375947255	27.472416809677437	27.547913725474356	27.606929042572041	27.686182606204916	27.764477030525143	27.842152510449097	27.865455051909862	27.888581151386546	27.952941639610994	28.002546247150459	28.08181188901996	28.154524518221272	28.225160589126784	28.294673684602198	28.267160063913867	28.343767547703109	ZNE	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0	0	0	0	0	0	0	1.4112313928358204E-2	2.8639788902105667E-2	4.3481493664946518E-2	5.8682096017970448E-2	7.79296149001939E-2	9.428193462612236E-2	0.11097975571025492	0.12295179523715408	0.13996429053702744	0.15343618061892828	0.60883303436818714	1.065276282455921	1.5223572761557678	1.9802049453719031	2.4190096421947649	2.8780035500619801	3.3366700133286251	3.7992344413468384	4.2634304109409609	4.7292640173410412	5.0322815507189587	5.3314620679287259	5.6352297897158055	5.9330724853576235	6.2344616370645261	6.5319483549622452	6.8264711729999474	7.1182603430948417	7.3822875606354774	7.6702839406241541	Efficiency | Double EE by 2030 (SB 350)	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0	1.6136233697746358	3.5428526507150915	5.1824176851075601	6.8926485997262521	8.6247226320071988	10.177798427859765	11.505588430724947	12.841675600642338	14.17844704475757	15.570369576985154	18.499144394571299	19.757862838872491	21.018815413114325	20.294342275153841	21.326749124297759	21.614089147463595	21.158692293714338	20.702249045626601	20.245168051926758	19.787320382710622	19.348515685887758	18.889521778020544	18.430855314753899	17.968290886735687	17.504094917141565	17.038261310741483	16.735243777363564	16.436063260153798	16.132295538366719	15.8344528427249	15.533063691017997	15.235576973120278	14.941054155082576	14.649264984987681	14.385237767447046	14.09724138745837	California’s Annual GHGs

(Million Metric Tons CO2 Equivalent)

PG&E’s Current and Potential Climate Impact, 
Outside of EE Programs and C&S

Note: More detail on PG&E’s past and planned Climate Change mitigation efforts at:

http://www.pgecorp.com/corp_responsibility/reports/2015/en02_climate_change.jsp
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(mostly new construction)

Reduce fugitive emissions: SF6 from transmission switching equipment and methane from pipelines

Exceed CA average % renewables

Provide incentives for ZEVs, 
Electrify PG&E’s fleet

Allow customers to purchase forest management carbon offsets





SF6 is the most potent greenhouse gas that it has evaluated, with a global warming potential of 24,900 times that of CO2 when compared over a 100-year period. Sulfur hexafluoride is also extremely long-lived with an estimated atmospheric lifetime of 800–3200 years.
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Historical GHG emissions	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	431	466.31670451416943	481.22671626283193	480.31679690642568	483.05430849960203	492.86131332612194	485.13228391181298	482.51819298008371	489.16033972499258	487.10051431065608	458.44118156710857	453.05547099302635	450.94310089618301	458.68460353657002	459.3	CA's GHG Budget	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	440.85859999999991	427.12944937906286	411.64596584866445	395.53098597097193	380.27155885087018	364.96165230258794	349.89826239316824	343.86536504486793	337.95375571345869	332.04727556960859	326.17534269078214	321.20517778886648	315.63771227851026	310.17495318673679	304.3274176590067	299.25172137407236	290.2346	279.06710000000004	269.30080000000004	259.41390000000001	249.27920000000006	237.9486	227.57129999999998	217.10069999999996	206.43079999999998	195.66430000000003	185.01200000000003	174.06360000000001	164.47359999999998	156.34550000000002	147.84100000000001	139.60990000000001	130.76479999999998	122.94221999999999	115.32741999999999	107.99812000000001	101.11282	Remaining necessary savings	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	3.0686841290406903	14.050829652595638	24.341363820410379	34.809618175812773	45.551687315211439	56.828246343646612	67.909924348584639	79.043523930126611	90.45256324120885	101.96775418538459	113.37914604264748	125.63235810526453	136.51863027100072	146.08631949489543	155.97022771223129	165.68434021901587	175.98308713387351	185.24642189322608	194.29265666569768	202.68092539216579	211.01280353539818	Other state policies and goals	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0.13719096033700257	0.41976899992435629	0.7541301498364148	1.0219895242823716	1.3567158319175026	1.6893747850594096	2.0269081256521919	2.1462028117014862	2.2705148938008413	2.3919634419719662	2.5161376859936286	2.7740801968999627	2.8985848192673727	3.0271998817629688	3.0340791348956211	3.1708502233810059	3.2278201516919158	3.1906041895422632	3.1877468804348843	3.1874545468371696	3.1881576318635623	3.1633898009278654	3.1684261520447778	3.1715555972086866	3.1769983268510429	3.1823167408299367	3.1875502047513913	3.1989869627217318	3.2102918913795655	3.226246733761462	3.2404119881841056	3.2579292891595029	3.2746145705237604	3.2909855498825249	3.3071534015700341	3.3118822270173238	3.3287157450256588	High GWP gases	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0.68084704173357669	2.083216569865777	3.7425737113929567	5.0718979047951054	6.7330672397415201	8.3839767719464344	10.059076762968786	10.258363218506382	10.470995925057627	10.660672563362812	10.853888085249068	11.598338978104902	11.761141812026292	11.934728512429487	11.635686953574689	11.840992747433299	11.748798816077045	11.808438036764208	11.992887339115363	12.186892911912544	12.384828657442448	12.482443888688259	12.696553359093043	12.903620911291386	13.120725050589318	13.338075496742094	13.55581733748333	13.760539868993947	13.962714792534745	14.183403174573662	14.39469667514347	14.619466972441797	14.839243096287699	15.056319751591575	15.271205368557528	15.431556017546779	15.646664066871454	Power plants	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0.38303241312217051	1.1719805197072533	2.1055052781205394	2.8533593810394899	3.7879036471777221	4.7166759311212108	5.6590573361263887	6.4420991101373772	7.2523868081605647	8.0646989246693259	8.8960646412931297	10.229943812755936	11.09895476995762	11.990458342709026	12.391396861278237	13.31570525309211	13.90431836423196	13.824586966624178	13.89275716611818	13.972067301682914	14.055792148866944	14.026654037757977	14.129210810209729	14.223511560770882	14.32844481898862	14.4331311926593	14.537740999555364	14.469079664450739	14.401355155484014	14.355814346193045	14.303492740222838	14.267061790349	14.227963087183715	14.188485851557481	14.149109541903979	14.062119859791554	14.02779867437973	Fuels	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0.6276215180776209	1.9203601777207322	3.4499963285173223	4.6754000053202454	6.2067066805009503	7.7285556176332868	9.272703913587149	9.6765326106845926	10.099139823273578	10.505486873104172	10.920694178239598	11.907166919255765	12.312303359999641	12.732769706931389	12.643843758417717	13.098457781033439	13.22360347581094	12.938477689177322	12.794281343777225	12.660443405955906	12.530474714971538	12.301332370030243	12.188843184756093	12.068610578590015	11.956755736412537	11.843916445438165	11.730252751379776	11.592684566960944	11.45691827691593	11.339715664791662	11.217981003167344	11.109478099924775	10.999589003449401	10.890111896030888	10.781414885465081	10.637398921105982	10.534153959838273	Forests	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0.20249348495604488	0.6195779041300723	1.1130940535417109	1.5084537629311987	2.002508884150572	2.4935125957512798	2.9917108899944727	3.0232746637886789	3.0579927112675347	3.0852663713199591	3.1128879185606007	3.2965092730279655	3.3128244830947371	3.3316686410816536	3.2192246735434678	3.2468847335437432	3.193015490533563	3.1489878140263889	3.1389575703522583	3.1314565063939157	3.1249287779716854	3.0934861293481473	3.0912301076430184	3.0870914777343006	3.0851814230628167	3.0831225580619512	3.0809537572254344	3.0666112423700453	3.0524646098693871	3.0430176365758115	3.032131236733048	3.0246114699390452	3.0165243846960763	3.0083552552565376	3.0002057399235786	2.9819577457373128	2.974876064096144	Water	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0.2863836430092635	0.87626017869833839	1.5742330185805313	2.1333846075742375	2.8321197075845013	3.5265392425626492	4.2311339729921835	4.2980292393581365	4.3700402575192276	4.4320183242209481	4.4950543831059253	4.7851007146528888	4.8339626368480015	4.8869460684483848	4.7467980379081816	4.8127459139733606	4.7578045388745149	4.7295278504829144	4.7518616713167887	4.7780062538209647	4.8056599060841041	4.7947326834337005	4.8288282331056109	4.8600992373257386	4.8950002554573535	4.9298132337392264	4.9645964426269851	4.982536642537255	5.0002698957981391	5.0252443403530815	5.0474300515338708	5.0748359255748419	5.1009447433040291	5.1265629237360937	5.1518636495510162	5.1593433292955124	5.1856786969928574	Transportation	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	1.7843763921271429	5.4597321264598557	9.8086057029845133	13.292522886719993	17.646145892935767	21.972879820288153	26.363012544995435	27.779867886823229	29.258017861811513	30.695922782189481	32.165852538262108	35.336998972705771	36.800228508554795	38.313621493707593	38.288780361569543	39.905250128552275	40.517592677376165	40.529024669269987	40.971133336228696	41.445979150902907	41.934073143558479	42.083772608407202	42.627244751006216	43.146532336297831	43.698823213142077	44.251267788537064	44.804364625798613	45.269822566708442	45.729548627548432	46.252171641162306	46.746157017551084	47.285739016492613	47.810784134378011	48.32875096150952	48.841271734646362	49.181511115343291	49.698296381612082	Renewables | 50% by 2030 (SB 350)	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	1.3239450348502699	4.0509307746560514	7.2776432576463961	9.8625882712578772	13.092824665394966	16.303110301042455	19.560435632655444	20.410064669478992	21.299240616106005	22.154066611130197	23.027526205510693	25.105409334258816	25.957442558242676	26.841758997368139	26.652278489414741	27.608578430083615	27.870437028280698	27.580997803434531	27.588185544163704	27.617556418598451	27.655572375947255	27.472416809677437	27.547913725474356	27.606929042572041	27.686182606204916	27.764477030525143	27.842152510449097	27.865455051909862	27.888581151386546	27.952941639610994	28.002546247150459	28.08181188901996	28.154524518221272	28.225160589126784	28.294673684602198	28.267160063913867	28.343767547703109	ZNE	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0	0	0	0	0	0	0	1.4112313928358204E-2	2.8639788902105667E-2	4.3481493664946518E-2	5.8682096017970448E-2	7.79296149001939E-2	9.428193462612236E-2	0.11097975571025492	0.12295179523715408	0.13996429053702744	0.15343618061892828	0.60883303436818714	1.065276282455921	1.5223572761557678	1.9802049453719031	2.4190096421947649	2.8780035500619801	3.3366700133286251	3.7992344413468384	4.2634304109409609	4.7292640173410412	5.0322815507189587	5.3314620679287259	5.6352297897158055	5.9330724853576235	6.2344616370645261	6.5319483549622452	6.8264711729999474	7.1182603430948417	7.3822875606354774	7.6702839406241541	Efficiency | Double EE by 2030 (SB 350)	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0	1.6136233697746358	3.5428526507150915	5.1824176851075601	6.8926485997262521	8.6247226320071988	10.177798427859765	11.505588430724947	12.841675600642338	14.17844704475757	15.570369576985154	18.499144394571299	19.757862838872491	21.018815413114325	20.294342275153841	21.326749124297759	21.614089147463595	21.158692293714338	20.702249045626601	20.245168051926758	19.787320382710622	19.348515685887758	18.889521778020544	18.430855314753899	17.968290886735687	17.504094917141565	17.038261310741483	16.735243777363564	16.436063260153798	16.132295538366719	15.8344528427249	15.533063691017997	15.235576973120278	14.941054155082576	14.649264984987681	14.385237767447046	14.09724138745837	California’s Annual GHGs

(Million Metric Tons CO2 Equivalent)

How Far Can C&S Take Us Toward 
SB 350 Goal of Double EE?

40

100%

CEC Demand Forecast Baseline

Note: Wedges represent savings in addition to naturally occurring adoption of efficient technologies but do not account for IOU attribution. Estimates are derived from a detailed forecast of Federal, T20, and T24 savings that combines bottom-up, measure-specific approaches and top-down analysis of potential. See Appendix for details on the composition of each wedge.





57%

41%

25%

Adopted C&S

Projected C&S

Expanded C&S





SB 350 Goal:

Double EE 







Spike in SB 350 comes from decommissioning of Diablo Canyon nuclear plant in 2025. E3’s PATHWAYS projects that the emissions intensity of electricity will increase for a few years as a result.



[Yanda will be providing a full table of what’s in Achieved, Projected, Expanded]

40



Leveraging C&S to Meet CA’s GHG Goals:
EE and Zero Net Energy (ZNE) Homes

Note: “ZNE” includes only energy savings and is subtracted from EE to avoid double counting.
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Faster T20 adoption

More aggressive DOE activity and/or preemption waiver

100% new Res ZNE by 2020

100% new Com ZNE by 2030

50% of Com retrofits ZNE by 2030
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Historical GHG emissions	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	431	466.31670451416943	481.22671626283193	480.31679690642568	483.05430849960203	492.86131332612194	485.13228391181298	482.51819298008371	489.16033972499258	487.10051431065608	458.44118156710857	453.05547099302635	450.94310089618301	458.68460353657002	459.3	CA's GHG Budget	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	440.85859999999991	427.12944937906286	411.64596584866445	395.53098597097193	380.27155885087018	364.96165230258794	349.89826239316824	343.86536504486793	337.95375571345869	332.04727556960859	326.17534269078214	321.20517778886648	315.63771227851026	310.17495318673679	304.3274176590067	299.25172137407236	290.2346	279.06710000000004	269.30080000000004	259.41390000000001	249.27920000000006	237.9486	227.57129999999998	217.10069999999996	206.43079999999998	195.66430000000003	185.01200000000003	174.06360000000001	164.47359999999998	156.34550000000002	147.84100000000001	139.60990000000001	130.76479999999998	122.94221999999999	115.32741999999999	107.99812000000001	101.11282	Remaining necessary savings	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	3.0686841290406903	14.050829652595638	24.341363820410379	34.809618175812773	45.551687315211439	56.828246343646612	67.909924348584639	79.043523930126611	90.45256324120885	101.96775418538459	113.37914604264748	125.63235810526453	136.51863027100072	146.08631949489543	155.97022771223129	165.68434021901587	175.98308713387351	185.24642189322608	194.29265666569768	202.68092539216579	211.01280353539818	Other state policies and goals	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0.13719096033700257	0.41976899992435629	0.7541301498364148	1.0219895242823716	1.3567158319175026	1.6893747850594096	2.0269081256521919	2.1462028117014862	2.2705148938008413	2.3919634419719662	2.5161376859936286	2.7740801968999627	2.8985848192673727	3.0271998817629688	3.0340791348956211	3.1708502233810059	3.2278201516919158	3.1906041895422632	3.1877468804348843	3.1874545468371696	3.1881576318635623	3.1633898009278654	3.1684261520447778	3.1715555972086866	3.1769983268510429	3.1823167408299367	3.1875502047513913	3.1989869627217318	3.2102918913795655	3.226246733761462	3.2404119881841056	3.2579292891595029	3.2746145705237604	3.2909855498825249	3.3071534015700341	3.3118822270173238	3.3287157450256588	High GWP gases	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0.68084704173357669	2.083216569865777	3.7425737113929567	5.0718979047951054	6.7330672397415201	8.3839767719464344	10.059076762968786	10.258363218506382	10.470995925057627	10.660672563362812	10.853888085249068	11.598338978104902	11.761141812026292	11.934728512429487	11.635686953574689	11.840992747433299	11.748798816077045	11.808438036764208	11.992887339115363	12.186892911912544	12.384828657442448	12.482443888688259	12.696553359093043	12.903620911291386	13.120725050589318	13.338075496742094	13.55581733748333	13.760539868993947	13.962714792534745	14.183403174573662	14.39469667514347	14.619466972441797	14.839243096287699	15.056319751591575	15.271205368557528	15.431556017546779	15.646664066871454	Power plants	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0.38303241312217051	1.1719805197072533	2.1055052781205394	2.8533593810394899	3.7879036471777221	4.7166759311212108	5.6590573361263887	6.4420991101373772	7.2523868081605647	8.0646989246693259	8.8960646412931297	10.229943812755936	11.09895476995762	11.990458342709026	12.391396861278237	13.31570525309211	13.90431836423196	13.824586966624178	13.89275716611818	13.972067301682914	14.055792148866944	14.026654037757977	14.129210810209729	14.223511560770882	14.32844481898862	14.4331311926593	14.537740999555364	14.469079664450739	14.401355155484014	14.355814346193045	14.303492740222838	14.267061790349	14.227963087183715	14.188485851557481	14.149109541903979	14.062119859791554	14.02779867437973	Fuels	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0.6276215180776209	1.9203601777207322	3.4499963285173223	4.6754000053202454	6.2067066805009503	7.7285556176332868	9.272703913587149	9.6765326106845926	10.099139823273578	10.505486873104172	10.920694178239598	11.907166919255765	12.312303359999641	12.732769706931389	12.643843758417717	13.098457781033439	13.22360347581094	12.938477689177322	12.794281343777225	12.660443405955906	12.530474714971538	12.301332370030243	12.188843184756093	12.068610578590015	11.956755736412537	11.843916445438165	11.730252751379776	11.592684566960944	11.45691827691593	11.339715664791662	11.217981003167344	11.109478099924775	10.999589003449401	10.890111896030888	10.781414885465081	10.637398921105982	10.534153959838273	Forests	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0.20249348495604488	0.6195779041300723	1.1130940535417109	1.5084537629311987	2.002508884150572	2.4935125957512798	2.9917108899944727	3.0232746637886789	3.0579927112675347	3.0852663713199591	3.1128879185606007	3.2965092730279655	3.3128244830947371	3.3316686410816536	3.2192246735434678	3.2468847335437432	3.193015490533563	3.1489878140263889	3.1389575703522583	3.1314565063939157	3.1249287779716854	3.0934861293481473	3.0912301076430184	3.0870914777343006	3.0851814230628167	3.0831225580619512	3.0809537572254344	3.0666112423700453	3.0524646098693871	3.0430176365758115	3.032131236733048	3.0246114699390452	3.0165243846960763	3.0083552552565376	3.0002057399235786	2.9819577457373128	2.974876064096144	Water	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0.2863836430092635	0.87626017869833839	1.5742330185805313	2.1333846075742375	2.8321197075845013	3.5265392425626492	4.2311339729921835	4.2980292393581365	4.3700402575192276	4.4320183242209481	4.4950543831059253	4.7851007146528888	4.8339626368480015	4.8869460684483848	4.7467980379081816	4.8127459139733606	4.7578045388745149	4.7295278504829144	4.7518616713167887	4.7780062538209647	4.8056599060841041	4.7947326834337005	4.8288282331056109	4.8600992373257386	4.8950002554573535	4.9298132337392264	4.9645964426269851	4.982536642537255	5.0002698957981391	5.0252443403530815	5.0474300515338708	5.0748359255748419	5.1009447433040291	5.1265629237360937	5.1518636495510162	5.1593433292955124	5.1856786969928574	Transportation	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	1.7843763921271429	5.4597321264598557	9.8086057029845133	13.292522886719993	17.646145892935767	21.972879820288153	26.363012544995435	27.779867886823229	29.258017861811513	30.695922782189481	32.165852538262108	35.336998972705771	36.800228508554795	38.313621493707593	38.288780361569543	39.905250128552275	40.517592677376165	40.529024669269987	40.971133336228696	41.445979150902907	41.934073143558479	42.083772608407202	42.627244751006216	43.146532336297831	43.698823213142077	44.251267788537064	44.804364625798613	45.269822566708442	45.729548627548432	46.252171641162306	46.746157017551084	47.285739016492613	47.810784134378011	48.32875096150952	48.841271734646362	49.181511115343291	49.698296381612082	Renewables | 50% by 2030 (SB 350)	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	1.3239450348502699	4.0509307746560514	7.2776432576463961	9.8625882712578772	13.092824665394966	16.303110301042455	19.560435632655444	20.410064669478992	21.299240616106005	22.154066611130197	23.027526205510693	25.105409334258816	25.957442558242676	26.841758997368139	26.652278489414741	27.608578430083615	27.870437028280698	27.580997803434531	27.588185544163704	27.617556418598451	27.655572375947255	27.472416809677437	27.547913725474356	27.606929042572041	27.686182606204916	27.764477030525143	27.842152510449097	27.865455051909862	27.888581151386546	27.952941639610994	28.002546247150459	28.08181188901996	28.154524518221272	28.225160589126784	28.294673684602198	28.267160063913867	28.343767547703109	ZNE	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0	0	0	0	0	0	0	1.4112313928358204E-2	2.8639788902105667E-2	4.3481493664946518E-2	5.8682096017970448E-2	7.79296149001939E-2	9.428193462612236E-2	0.11097975571025492	0.12295179523715408	0.13996429053702744	0.15343618061892828	0.60883303436818714	1.065276282455921	1.5223572761557678	1.9802049453719031	2.4190096421947649	2.8780035500619801	3.3366700133286251	3.7992344413468384	4.2634304109409609	4.7292640173410412	5.0322815507189587	5.3314620679287259	5.6352297897158055	5.9330724853576235	6.2344616370645261	6.5319483549622452	6.8264711729999474	7.1182603430948417	7.3822875606354774	7.6702839406241541	Efficiency | Double EE by 2030 (SB 350)	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0	1.6136233697746358	3.5428526507150915	5.1824176851075601	6.8926485997262521	8.6247226320071988	10.177798427859765	11.505588430724947	12.841675600642338	14.17844704475757	15.570369576985154	18.499144394571299	19.757862838872491	21.018815413114325	20.294342275153841	21.326749124297759	21.614089147463595	21.158692293714338	20.702249045626601	20.245168051926758	19.787320382710622	19.348515685887758	18.889521778020544	18.430855314753899	17.968290886735687	17.504094917141565	17.038261310741483	16.735243777363564	16.436063260153798	16.132295538366719	15.8344528427249	15.533063691017997	15.235576973120278	14.941054155082576	14.649264984987681	14.385237767447046	14.09724138745837	California’s Annual GHGs

(Million Metric Tons CO2 Equivalent)
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DR-enabled appliances (T20);  

DR voluntary communication standards; 

Energy storage trade-offs (T24); 

Battery storage fire safety standards

EV parking (T24); 

EV charging station voluntary communication standards; 

Tire, HVAC & LED headlight

 efficiency standards (CARB)

Plumbing fixture efficiency, landscape and agricultural irrigation efficiency, non-potable sources for indoor and outdoor uses (T20, T24, T23) 

Replace HFCs with CO2 and other 
lower-GWP refrigerants (T24)



Leveraging C&S to Meet CA’s GHG Goals:
Beyond Energy Efficiency





Leverage C&S expertise in new, high-impact domains

Goal is to increase the width of each bar so that the red remainder decreases



Renewables: Renewables will need to be ~80% of electric generation in 2050 to meet our GHG goal (PATHWAYS), so firming with DR and storage are very important



Transportation: GHG savings from transportation are projected to be about 40% of GHG savings over the next 35 years (PATHWAYS). CA is leading the way with ZEVs—40% of national ZEV sales are within CA (http://cleantechnica.com/2015/11/21/40-of-us-electric-car-sales-are-in-california/)--but we need to expand even more. Last Thursday in Paris, Gov Brown joined leaders from 13 states and countries in declaring that 100% of new, CA passenger vehicles will be Zero-Emission Vehicles (ZEVs) in 2050 (http://switchboard.nrdc.org/blogs/smui/thirteen_jurisdictions_go_all-.html).

42
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(Million Metric Tons CO2 Equivalent)

Should we refocus goals towards a single metric, or at least make GHGs reductions a key direct goal?
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There are pros and cons but the shift may enable PG&E to play a larger role in transitioning to a low carbon future. 









Multiple Metrics





EE Goals (GWH, MW, Therms)





Greenhouse Gases (MMTCO2e)





Zero Net Energy





Storage





Demand Response





Single Metric





Renewable Generation





Electric Vehicles





Various transportation goals





Etc.















Appendix

Customer Energy Solutions





Key C&S Activities

APPENDIX A
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Federal Standard Effective Dates
Non-residential Equipment: HVAC and Refrigeration



Text in red font indicates rulemaking is currently open (i.e., not finalized so effective date is estimated)
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Federal Standard Effective Dates
Non-residential Equipment: Lighting and Other



Text in red font indicates rulemaking is currently open (i.e., not finalized so effective date is estimated)
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Federal Standard Effective Dates
Residential Equipment: HVAC and Appliances



Text in red font indicates rulemaking is currently open (i.e., not finalized so effective date is estimated)
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Federal Standard Effective Dates
Residential Equipment: Lighting and Other



Text in red font indicates rulemaking is currently open (i.e., not finalized so effective date is estimated)

49





A “Federal Utility Coalition” Can Enhance Advocacy Efforts

Collectively enhance federal standards advocacy with geographically diverse utilities that share similar energy and climate goals.

Some examples already…
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Initial Utility Outreach Considerations



Initial Targeted Utilities
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Relatively large utility





Commitment to demand side management





C&S attribution—now or future





Geographic diversity





Pacific Coast Collaborative state/province















17 states that have started the process or expressed interest in expansion of energy-efficiency programs to capture savings from C&S

Source: NEEP. “Attributing Building Energy Code Savings to Energy Efficiency Programs” Feb 2013. 
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Initial Stage





Intermediate and Final Stage





Colorado





Georgia





Illinois





Iowa





Maryland





Minnesota





New Hampshire





Ohio





Vermont





California





Arizona





Oregon





Rhode Island





Connecticut





Massachusetts





New York





Washington





























Top 50 EE Spenders (2014)
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Source: EIA form EIA-861 from 2014 reporting year.







“Final/Intermediate” Stage States with EE spending >$10M.  
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Source: EIA form EIA-861 from 2014 reporting year.







“Initial Stage” States with DSM spending >$40M
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Source: EIA form EIA-861 from 2014 reporting year.







Top Ten: Pacific Coast Collaborative States
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BC Hydro would be key utility in British Columbia 

Source: EIA form EIA-861 from 2014 reporting year.







Title 20 Prioritization (to be updated based on additional feedback*)

















(1) Items in bold are supported with supplemental 1-pagers

(2) Includes embedded energy savings

(3) T12 Replacement Tubes (GSFL Loophole): The savings estimate for this measure is based on the assumed persistence of a loophole for T12s absent standards. New sales data will need to be monitored as it becomes available to ensure the loophole is not diminishing on its own.







(4) See pg. 8 and Appendix C for more details.

(5) Procurement has been categorized separately from other measures for the following reasons: 1) procurement is a standards implementation strategy, rather than a specific measure; 2) the direct savings potential from procurement standards depends on which measures are selected and which state government entities are impacted; 3) the bigger role of procurement standards is to function as a code-readiness activity; they can help enable stronger statewide Title 20 standards.



*Note: Groupings are not reflective of C&S IOU team’s final recommendation to the CEC. Prioritization will likely change based on additional input from C&S IOU team members and CEC staff.   









Standards Adoption and NOMAD



Technology Adoption Rate











Innovators

Adopters

Early

Majority

Late

Majority

Laggards

Time



Commercial Introduction







Commercial Growth

Commercial Decline

Commercial Maturity





Incentive Program



C&S

ET





Number of Standards Adopted

Naturally Occurring Market Adoption (NOMAD) Curves

Red Mark: adoption point
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This Can Be Done

Source: Figure 5.3. DOE’s 2015 Quadrennial Technology Review
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Title 24 is requiring more efficiency

Title 20 and DOE standards improving

Code Readiness enhances progress

Incentive programs motivate customers to take action

DR addresses grid impacts

PV is becoming cost effective thereby addressing the “Other” 





http://energy.gov/sites/prod/files/2015/09/f26/Quadrennial-Technology-Review-2015_0.pdf



Figure 5.2 and Figure 5.3 compare residential and commercial energy use in the current building stock with buildings using ENERGY STAR® equipment, today’s best available technologies, technologies meeting DOE’s emerging technologies (ET 2020) cost and performance goals, and the energy used if all equipment operated at theoretical efficiency limits (e.g., perfect heat pumps). In most cases, the best available technologies have similar performance to those meeting the ET 2020 goals, but planned research advances will make those technologies cost-effective by 2020. The cost goals represent the DOE’s analysis of material costs and manufacturing methods judged plausible, including expert solicitations shown in the cited roadmaps.3 Some of these goals are shown in Table 5.14 (see also the supplemental information on roadmaps for this chapter on the web). Considering only cost-based analysis of new energy efficiency technologies has limitations. For example, features such as improving the ability to comfortably stand by a window on a cold day or changing the color of lighting reflect qualitative values that may affect consumer preferences but would be difficult to analyze quantitatively. None of the economic analysis presented here reflects the social cost of carbon, and none of them reflects services that could be provided to the electric grid (see Chapter 3). Furthermore, the savings shown in the ENERGY STAR® scenario in Figure 5.2 and Figure 5.3 include measures that are cost-effective today but are not being used because of a complex set of market failures. Capturing the much larger, potential future savings, reflected in the best available ET 2020 and thermodynamic limit scenarios, requires a well-designed research, development, demonstration, and deployment (RDD&D) program, the focus of this chapter. It will also require market-focused programs that encourage rapid adoption of efficient technologies including credible information, standards, labels, and other policies that help consumers understand the costs and benefits of energy-purchasing decisions, and programs to ensure an adequate supply of workers with the skills needed to design, build, and operate new energy systems. The figures show no reduction in energy used for “other” uses, which include televisions and computer monitors, computers, other electronics, and miscellaneous devices. This is not because their efficiency can’t be improved but because the total is the sum of a very large number of different devices. In many cases, commercial investment in the technology is driving change so fast that federal applied research will have limited value. Rapidly increasing demand for fast information processing, for example, is facing energyuse limits, which are driving an enormous amount of private research investment. It is important to determine where and how to productively invest in RDD&D that could improve the efficiency of an electronic component used by these products, and depending on research results, private research efforts and competing priorities within budget limitations, the mix of appropriate investments is likely to change over time. As an example, the development and application of wide band gap semiconductors could reduce energy use in a number of miscellaneous devices but currently has insufficient RDD&D investment to drive this forward in a timely manner. Excluding this “other” category, Figures 5.2 and 5.3 show that building energy use can be reduced by about half. Buildings last for decades (consider that more than half of all commercial buildings in operation today were built before 1970),5 so it’s important to consider technologies that can be used to retrofit existing buildings as well as new buildings. Many of the technologies assumed in Figure 5.2 and Figure 5.3 can be used in both new and existing structures (e.g., light-emitting diodes [LEDs]). Retrofits present unique challenges, and technologies focused on retrofits merit attention because of the large, existing stock and its generally lower efficiency. These include low-cost solutions such as thin, easily-installed insulation, leak detectors, devices to detect equipment and systems problems (e.g., air conditioners low on refrigerants), and better ways to collect and disseminate best practices. Energy use in buildings depends on a combination of good architecture and energy systems design and on effective operations and maintenance once the building is occupied. Buildings should be treated as sophisticated, integrated, interrelated systems. It should also be understood that different climates probably require different designs and equipment, and that the performance and value of any component technology depends on the system in which it is embedded. Attractive lighting depends on the performance of the devices that convert electricity to visible light, as well as on window design, window and window covering controls, occupancy detectors, and other lighting controls. As the light fixture efficiency is greatly increased, lighting controls will have a reduced net impact on energy use. In addition, the thermal energy released into the room by lighting would decrease, which then affects building heating and cooling loads. Since buildings consume a large fraction of the output of electric utilities, they can greatly impact utility operations. Specifically, buildings’ ability to shift energy demand away from peak periods, such as on hot summer afternoons, can greatly reduce both cost and GHG emissions by allowing utilities to reduce the need for their least efficient and most polluting power plants. Coordinating building energy systems, on-site generation, and energy storage with other buildings and the utility can lower overall costs, decrease GHG emissions, and increase system-wide reliability.
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Example from NEEA: 
Portland Office Building

Baseline (New ASHRAE 90.1-2010 compliant systems): Packaged Rooftop Units (RTU) with Gas-Fired Heating and DX Cooling

 Packaged RTU provides supply air to meet ventilation and space conditioning simultaneously.



Proposed: Dedicated Outdoor Air System (DOAS) with Heat Recovery Ventilation (HRV) and Zone-Level Variable Refrigerant Flow (VRF) Fan Coil Units

HRV unit provides minimum outdoor air for ventilation; zonelevel VRF fan coil units provide space conditioning.
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Program Coordination Opportunities

Building Demonstrations

Low-rise offices

K-12 Schools

Warehouses

Supermarket

Single family*

Multifamily*



End-Use Applications

Outdoor lighting

Indoor lighting LPD and controls

Commercial RTUs as systems

Space Conditioning only systems

IAQ and Cooling Ventilation

Pumps & Motors

C&I pumps

Circulator pumps
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*Not included in today’s discussion





Expanded Program Vision to Support Market Transformation

New subprograms for Savings by Design

Low-rise offices

Retail

Schools

Warehouses (?)

New program for existing buildings 

Market transformation focus

Leverage financing programs and tools

Focus on different building types, for example:

State buildings

Retail

Etc.
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Natural Gas Issues and Strategy

APPENDIX B
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Context of Natural Gas in a Changing Regulatory Environment

Carbon and Global Warming Mitigation

Natural Gas reduces carbon emissions from fossil fuel generation*

Natural gas: 1.2 lbs CO2/kWh

Coal: 2.1 lbs CO2/kWh

Reduce natural gas carbon emissions

Increase combustion efficiency, or

Fuel switching to electro-technology (heat pump)

“De-carbonize” the grid – reduce fossil fuels

RPS: 50% renewables by 2030
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* Source: http://www.eia.gov/tools/faqs/faq.cfm?id=74&t=11
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PG&E Gas Demand 
7,688 Million Therms/yr
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Source: 2012 Gas Report





Million Therm/yr	Residential	Commercial	Industrial	Electric generation	Wholesale	NGV - Natural Gas Vehicles	2157	912	1858	2706	37	19	

Res Gas Furnace Std. Proposal: 
1st Year Savings to PG&E’s Customers
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		DOE Original		From 2021, 92% AFUE for all		4.8 MMT/Yr

		DOE Revised		From 2021, 92% AFUE for > 75 kBtu/hr		3.1 MMT/Yr

		NRDC		From 2019, 92% AFUE for > 75 kBtu/hr
From 2025, 95% AFUE for > 55 kBtu/hr		4.8 MMT/Yr
5.3 MMT/Yr











PG&E 1st Yr Savings Breakdown

MMT: Million Therm







DOE Revised Proposal:
PG&E Lost Cumulative Energy Savings

The DOE revised proposal: less savings

1st year gas savings is reduced by 1.7 MMT/yr

Cumulative savings loss of 85 Million therms over 10 years as compared to DOE original proposal  
 PG&E customers pay $97 million more for heating through 20301
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Note: Assume $1.14/therm based on PG&E residential G-1 baseline rate



Lost Cumulative Savings:

  85 Million therms

  $97 Million @1.14/therm





Nrdc proposal low income customers will pay high gas prices to 2031

 mmt savings on y axis

Title 24 Planning

PG&E Codes & Standards
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Effects of NRDC Proposal on Lost
Savings for Small Furnaces (< 55 kBtu/hr)

NRDC proposal delays DOE update for small furnaces until 2031 and offsets lost savings with increased efficiency for larger equipment

Impacts 342,000 customers: either low income (mobile homes, small homes) 

Total energy savings loss = 20 Million therms

$23 million more to be paid for heating 

($1.14/therm G-1 baseline rate) 

Terrible social policy
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Yanda add second axis with label one axis Million therms other Million $

Title 24 Planning

PG&E Codes & Standards
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DOE Original Proposal: 
Impact on PG&E Gas Demand
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Conversion to heat pump space heating has much larger impact

Note % impact is of residential sales which are 28% of total sales (2% of res sales = 0.6% of total sales)







Title 24 Residential Performance Approach (ACM) Base CASE

Unlike domestic hot water where performance approach has a single base case (Tankless Water Heater EF = 0.82)…

…Space heating has a different base case depending upon fuel source for proposed design

When Proposed Design is gas heated, Base Case is Min Federal Efficiency Furnace, AFUE = 0.80

When Proposed Design is electrically heated, Base Case is Min Federal Efficiency Heat Pump, HSPF = 8.2

Min eff heat pump space heating has a lower TDV budget than minimum efficiency gas furnace

Not a great strategic position when gas base case is called into question
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Space Heating (base = AFUE 0.80)
All alternates, including HP save total house TDV
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Base

Case

0%





CZ 03 (Bay Area)	Furnace AFUE 0.80	Furnace AFUE 0.92	Furnace AFUE 0.96	Heatpump HSPF 8.2	Heatpump HSPF 8.5	0	6.8724768463548136E-2	8.484920446449791E-2	5.8370933270007246E-2	7.3592970790786277E-2	State Avg	Furnace AFUE 0.80	Furnace AFUE 0.92	Furnace AFUE 0.96	Heatpump HSPF 8.2	Heatpump HSPF 8.5	0	3.9275595993107357E-2	4.8393820540019276E-2	7.0087167923843135E-3	1.5604249445075746E-2	

Whole House Savings Compared to Base (%TDV kBtu)



Space Heating (base = AFUE 0.92)
All heat pumps have negative TDV savings
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Base

Case

0%





CZ 03 (Bay Area)	Furnace AFUE 0.80	Furnace AFUE 0.92	Furnace AFUE 0.96	Heatpump HSPF 8.2	Heatpump HSPF 8.5	-7.3796409628723303E-2	0	1.7314361485107992E-2	-1.1117911056711728E-2	5.2274581803345146E-3	State Avg	Furnace AFUE 0.80	Furnace AFUE 0.92	Furnace AFUE 0.96	Heatpump HSPF 8.2	Heatpump HSPF 8.5	-4.0881230693527351E-2	0	9.4909887881296159E-3	-3.3585988933087979E-2	-2.4639060327088121E-2	Whole House Energy Savings Relative to Base (%TDV kBtu)



Space Heating (base = HSPF 8.2)
Only Standard furnace has negative TDV savings
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Base

Case

0%





CZ 03 (Bay Area)	Furnace AFUE 0.80	Furnace AFUE 0.92	Furnace AFUE 0.96	Heatpump HSPF 8.2	Heatpump HSPF 8.5	-6.1989306970644746E-2	1.0995662261676763E-2	2.8119640875617927E-2	0	1.6165641077373279E-2	State Avg	Furnace AFUE 0.80	Furnace AFUE 0.92	Furnace AFUE 0.96	Heatpump HSPF 8.2	Heatpump HSPF 8.5	-7.0581856164380081E-3	3.2494624823384929E-2	4.1677207491641319E-2	0	8.6562015176262826E-3	Whole House Energy Savings Relative to Base (% TDV kBtu)



Single Family Space Heat Gas Consumption
 of One Year’s PG&E SF New Const.
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Without sales of gas to electricity generation: 

	Loss in 0.8 Million therms is better than losing 5.3 therms

With sales of gas to electricity generation: 

	 Loss in 0.8 Million therms is better than losing 2.9 therms

0.8

2.9

*Indirect gas consumption assumes 3 to 1 source energy multiplier and 44% of electricity is from natural gas and PG&E’s share of consumption is 36.5% corresponding to its fraction of statewide gas sales.





Million therm direct	80 AFUE	92 AFUE	96 AFUE	8.2 HSPF	8.5 HSPF	5.3471131530137503	4.5333770621579976	4.3444823248284985	Million therm Indirect	80 AFUE	92 AFUE	96 AFUE	8.2 HSPF	8.5 HSPF	2.3770327754229266	2.2941481770303787	

Million Therms/yr



Shrinkage, Leaks and Climate Change

Natural gas GWP 28-36 times per pound that of CO2 over a 100-year period.

http://www3.epa.gov/climatechange/ghgemissions/gases/ch4.html

MW CH4 = 16 g/mol,  MW CO2 = 44 g/mol

Per volume, leaked unburned Methane has 11 times more impact than CO2. 

16/44 x 30 = 11

“Shrinkage” 45 out of 2299 MMCF/day or 1.9%. (p 57, 2012 California Gas Report)

If 1.9% is leaks, this would account for 21% of global warming potential impacts of total gas load.

Some of unaccounted gas could also be metering error

http://infohouse.p2ric.org/ref/07/06348.pdf 
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Single Family CALGreen ZNE Tier:
EE and PV Credit for Tier 1 & 2 Prerequisites

In climate zone 3, energy efficiency (not PV) must deliver 20% code compliance margin as a prerequisite to meeting the 30% tier 2 prerequisite for ZNE tier in CALGreen

With new tankless water heater baseline, a heat pump water heater starts out a -20% (negative) compliance margin (see previous slide). Other efficiency measures to account for both prerequisite target and heat pump negative margin must reduce compliance margin by 40%!  
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EE beyond code	01	02	03	04	05	06	07	08	09	10	11	12	13	14	15	16	0.22199999999999998	0.22899999999999998	0.22199999999999998	9.8999999999999977E-2	0.21499999999999997	0.15	0.15	2.2999999999999965E-2	3.6999999999999977E-2	6.0999999999999999E-2	0.11899999999999999	6.7999999999999977E-2	9.0999999999999998E-2	0.13099999999999998	0.13699999999999998	0.13299999999999998	PV Credit	01	02	03	04	05	06	07	08	09	10	11	12	13	14	15	16	7.8E-2	7.0999999999999994E-2	7.8E-2	0.20100000000000001	8.5000000000000006E-2	0	0	0.27700000000000002	0.26300000000000001	0.23899999999999999	0.18099999999999999	0.23200000000000001	0.20899999999999999	0.16900000000000001	0.16300000000000001	0.16700000000000001	Title 24 Climate Zone 

Fraction of T-24 Regulated Loads



Single Family DHW Gas Consumption
 of One Year’s Statewide SF New Const.
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Without sales of gas to electricity generation: 

	Loss in 2.1 Million therms is better than losing 7.0 therms

With sales of gas to electricity generation: 

	 Loss in 2.1 Million therms is better than losing 4.5 therms

2.1

4.5

*Indirect gas consumption assumes 3 to 1 source energy multiplier and 44% of electricity is from natural gas and PG&E’s share of consumption is 36.5% corresponding to its fraction of statewide gas sales.





Million therm/yr direct	Gas Tank EF 0.60	Gas Tankless EF 0.82	Cond Tankless EF 0.96	HP EF 2.4	HP EF 2.7	7.0216149311745006	4.9469033933570001	4.2254829439069255	Million therm/yr Indirect	Gas Tank EF 0.60	Gas Tankless EF 0.82	Cond Tankless EF 0.96	HP EF 2.4	HP EF 2.7	2.5266050891378691	2.2732463452609744	

Million Therms/yr





PG&E SB 350 Natural Gas Savings Goals
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SB 350 Goal for PG&E

Incentive Program Potential
(CPUC forecast)

Likely C&S Program Achievement

Extended C&S Efforts





Climate Strategy

APPENDIX C
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CA and PG&E at Paris Climate Talks

“We don’t have to wait for the federal government to say jump. We’re already moving. We’re working with China and Germany and Mexico and provinces all over the place. We’re a global force.”

Gov. Jerry Brown, interview with TIME




"Our participation in the Paris conference gives us the opportunity to show the world how California is making the transition to a low-carbon future. As the state's largest energy utility, PG&E is committed to doing our part to enable that transition.”

Tony Earley, PG&E news release

Sources: TIME: “How Cities and States Took the Spotlight in Paris Climate Talks”

PG&E News Release: “PG&E Joins Climate Talks in Paris to Represent California’s Leadership in Clean Energy Innovation”
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Quote1. http://time.com/4140172/paris-cities-states-climate-change/

Quote2. http://www.pge.com/en/about/newsroom/newsdetails/index.page?title=20151124_pge_joins_climate_talks_in_paris_to_represent_californias_leadership_in_clean_energy_innovation


Image1. http://www.breitbart.com/big-government/2015/12/03/jerry-brown-still-paris-san-bernardino/
Image2. http://www.pgecurrents.com/2015/12/07/pge%E2%80%99s-ceo-in-paris-%E2%80%98we-need-a-more-sophisticated-grid%E2%80%99/
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Developing a C&S Climate Strategy

C&S Climate Strategy Goals





Sources: San Jose Mercury News, NOAA
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Hottest year on record source: http://www.mercurynews.com/science/ci_27282528/new-report-2014-was-warmest-year-ever-recorded


2015 average is on track to be on par with 2014 but likely slightly lower, depending on December average. Jan-Nov 2014 average was 62.8 and Jan-Nov 2015 was 62.5. http://tinyurl.com/jzlzxpx
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Outline strategies and initiatives to show how expanding C&S Program’s scale and scope can further increase climate impacts. 





Leverage existing Greenhouse Gas accounting models to show how C&S Program can be used to help CA meet future climate goals.





Document GHG impacts from codes and standards.













Developing a C&S Climate Strategy

C&S Climate Strategy Goals

Sources: NASA Goddard Institute for Space Studies, reported by New York Times
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U.S. was 2.4°F above the 20th century average.

(Source: https://www.ncdc.noaa.gov/sotc/national/201513)
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Outline strategies and initiatives to show how expanding C&S Program’s scale and scope can further increase climate impacts. 





Leverage existing Greenhouse Gas accounting models to show how C&S Program can be used to help CA meet future climate goals.





Document GHG impacts from codes and standards.













Two Different Futures…

Source: IPCC 2014. “Working Group III Contribution to the IPCC Fifth Assessment Report

RCP =  Representative Concentration Pathways (e.g., scenarios)





The warmest it’s been over the past 2 million years is 2oC above preindustrial times.
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Paris Agreement Impacts
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Source: http://climateactiontracker.org/global.html





From http://climateactiontracker.org/global.html



Addressing global warming

In the absence of policies global warming is expected, to reach 4.1°C – 4.8°C above pre-industrial by the end of the century. The emissions that drive this warming are often called Baseline scenarios (‘Baselines’ in the above figure). and are taken from the IPCC AR5 Working Group III. Current policiespresently in place around the world are projected to reduce baseline emissions and result in about 3.6°C  [1] warming above pre-industrial levels. The unconditional pledges or promises that governments have made, including in submitted INDCs as of 7 December 2015, would limit warming to about 2.7°C [2] above pre-industrial levels, or in probabilistic terms, likely limit warming below 3°C.

There remains a substantial gap between what governments have promised to do and the total level of actions they have undertaken to date. Furthermore, both the current policy and pledge trajectories lie well above emissions pathways consistent with a 1.5°C or 2°C world.

 

Evaluating progress towards the below 2°C and 1.5°C limits

Limiting warming to the globally agreed goal of holding warming below a 2°C increase above pre-industrial in the 21st century means that the emissions of greenhouse gases need to be reduced rapidly in the coming years and decades, and brought to zero shortly after mid-century.  Vulnerable countries, small island states and least developed countries, have called for warming to be limited to below 1.5°C by 2100. As a consequence the adequacy of the 2°C limit is being reviewed in a formal UNFCCC process where the merits of the 1.5°C limit are also being examined [3]. 



The CAT evaluates progress towards these global goals by quantifying the aggregate effects of current policies and the pledges (promises) and INDCs put forward by countries, and compares these with the emissions levels consistent over time with both the 1.5°C and 2°C warming limits.



The CAT Thermometer explained



The temperatures on the CAT thermometer are ‘median’ warming estimates in 2100. It means that there is a 50% chance that the calculated temperature would be exceeded if the given emissions pathway were followed.

For example, our emissions pathway in the pledge scenario (that incorporates INDCs until 7 December) gives a 50% chance of warming being 2.7°C or higher in 2100.



Using probabilities to provide more information

The ‘median’ is based on the probability distribution generated by the climate model (MAGICC) when it takes into account uncertainties in our knowledge of climate sensitivity, the carbon cycle, and effect of greenhouse gases, aerosols, and other factors that are used to calculate the temperatures. The probability distribution enables us to provide more information for policy makers and stakeholders about the likelihood of goals being met, or specific temperatures being exceeded.

 

December 2015 - INDCs likely below 3°C and over 90% chance exceeding 2°C

The emissions pledge pathway that includes INDCs has aover 90% probability of exceeding 2°C, and only a ‘likely’ (>66%) chance of remaining below 3°C this century. The current policy pathways have a higher than 99.5% probability of exceeding 2°C.


Limiting warming to 2°C with ‘likely’ probability

In the CAT we assess pathways against a (>66%) probability of holding warming below 2°C. A median 2°C pathway would give, in effect, only a ‘toss of the coin’ chance of limiting warming below this level. It is assumed that policy makers are interested in a higher probability of achieving this limit. A higher probability of limiting warming below 2°C gives greater confidence that the emissions reduction efforts made will be successful in limiting warming to 2°C. This means, of course, that the median peak warming from a 2°C compatible pathway will be lower than 2°C - in the range of 1.5-1.7°C (see figure above and IPCC AR5 WGIII Ch6).


What governments need to do to achieve the global goal

Fortunately, as shown by the IPCC AR5, substantially more action, sufficient to hold warming below 2°C (and to below 1.5°C by 2100) with likely probability is technically and economically feasible. According to the IPCC, the costs of reducing emissions to limit warming to below 2°C are modest, even before taking into account co-benefits such as increased energy-security and health improvements due to reduced air pollution. Annualised reductions of consumption growth are estimated at around 0.06 per cent over the century, relative to a baseline of 1.6 to 3% growth per year.[4]

The IPCC AR5 shows that even starting from emission levels implied by INDCs and current policy projections, 1.5°C and 2°C pathways are still technically feasible. However, the resulting emission pathways are increasingly expensive as they are not consistent with the most cost-efficient policies. Slower-than-optimal emission reductions early on need to be followed by faster reductions later on, effectively leading to significantly higher costs for the period 2030–2050 than would otherwise be needed.  While the challenges are significant, limiting warming to below 1.5°C by the end of the century is still feasible from current emissions levels. However, with every decade lost, these challenges and costs rise and will, at some point, become insurmountable with warming locked in to 1.5 or 2°C and above.[5]


Further information
For more information on the global emission pathways and how they are calculated, please see the detailed analysis and methodology pages.

If you use the provided data or any of the graphs provided on this website, please make sure to reference the Climate Action Tracker and the Ecofys / Climate Analytics / New Climate / PIK team!

Last temperature update: 7 December 2015. 'Pledges' include all INDCs submitted by 7 December.
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Expanded C&S

Federally preempted savings potential
    - More aggressive DOE activity, and/or

    - CA Preemption waiver
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Double CEC’s Rate of T20 measure adoption

5% more aggressive T24

Expanded C&S

Adopted C&S

Projected C&S (58% Federal)



Note: Wedges represent savings in addition to naturally occurring adoption of efficient technologies but do not account for IOU attribution. Estimates are derived from a detailed forecast of Federal, T20, and T24 savings that combines bottom-up, measure-specific approaches and top-down analysis of potential. See Appendix for details on the composition of each wedge.





Current State Policies and Targets



CA to remain within or 

below budget until ~2028

Additional, long term reductions needed



(mostly new construction)

Sources: Policy wedges derived from LBNL’s CALGAPS GHG model, “S2” scenario : Current CA Policies and Targets, including those without committed funding and detailed plans (https://ses.lbl.gov/sites/all/files/lbnl-7008e.pdf). “Efficiency” wedge derived from NRDC’s energy savings analysis of energy savings multiplied by forecasted emissions intensity from E3’s PATHWAYS. To avoid double counting,  CALGAPS efficiency wedges were excluded and “ZNE” was subtracted from “Efficiency.” CALGAPS wedges scaled linearly to harmonize with PATHWAYS. “CA’s GHG Budget” reflects the PATHWAYS “Straight Line” scenario, which backcasts a low-cost trajectory to 80% below 1990 GHG levels by 2050.
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It’s not very noticeable, but the gray area has changed slightly in this graph. In CA’s GHG goals slide, it was a linear interpolation between interim targets. Here, it is the default scenario developed by E3 in PATHWAYS that backcasts how we can reach our 2050 goals in a low-cost, technologically feasible way.



If we’re successful in implementing all of our current state policies and targets, we should have emissions that are < the PATHWAYS backcasting scenario until ~2028.
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(Million Metric Tons CO2 Equivalent)
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Historical GHG emissions	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	431	466.31670451416943	481.22671626283193	480.31679690642568	483.05430849960203	492.86131332612194	485.13228391181298	482.51819298008371	489.16033972499258	487.10051431065608	458.44118156710857	453.05547099302635	450.94310089618301	458.68460353657002	459.3	CA's GHG Budget	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	440.85859999999991	427.12944937906286	411.64596584866445	395.53098597097193	380.27155885087018	364.96165230258794	349.89826239316824	343.86536504486793	337.95375571345869	332.04727556960859	326.17534269078214	321.20517778886648	315.63771227851026	310.17495318673679	304.3274176590067	299.25172137407236	290.2346	279.06710000000004	269.30080000000004	259.41390000000001	249.27920000000006	237.9486	227.57129999999998	217.10069999999996	206.43079999999998	195.66430000000003	185.01200000000003	174.06360000000001	164.47359999999998	156.34550000000002	147.84100000000001	139.60990000000001	130.76479999999998	122.94221999999999	115.32741999999999	107.99812000000001	101.11282	Remaining necessary savings	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	3.0686841290406903	14.050829652595638	24.341363820410379	34.809618175812773	45.551687315211439	56.828246343646612	67.909924348584639	79.043523930126611	90.45256324120885	101.96775418538459	113.37914604264748	125.63235810526453	136.51863027100072	146.08631949489543	155.97022771223129	165.68434021901587	175.98308713387351	185.24642189322608	194.29265666569768	202.68092539216579	211.01280353539818	Other state policies and goals	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0.13719096033700257	0.41976899992435629	0.7541301498364148	1.0219895242823716	1.3567158319175026	1.6893747850594096	2.0269081256521919	2.1462028117014862	2.2705148938008413	2.3919634419719662	2.5161376859936286	2.7740801968999627	2.8985848192673727	3.0271998817629688	3.0340791348956211	3.1708502233810059	3.2278201516919158	3.1906041895422632	3.1877468804348843	3.1874545468371696	3.1881576318635623	3.1633898009278654	3.1684261520447778	3.1715555972086866	3.1769983268510429	3.1823167408299367	3.1875502047513913	3.1989869627217318	3.2102918913795655	3.226246733761462	3.2404119881841056	3.2579292891595029	3.2746145705237604	3.2909855498825249	3.3071534015700341	3.3118822270173238	3.3287157450256588	High GWP gases	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0.68084704173357669	2.083216569865777	3.7425737113929567	5.0718979047951054	6.7330672397415201	8.3839767719464344	10.059076762968786	10.258363218506382	10.470995925057627	10.660672563362812	10.853888085249068	11.598338978104902	11.761141812026292	11.934728512429487	11.635686953574689	11.840992747433299	11.748798816077045	11.808438036764208	11.992887339115363	12.186892911912544	12.384828657442448	12.482443888688259	12.696553359093043	12.903620911291386	13.120725050589318	13.338075496742094	13.55581733748333	13.760539868993947	13.962714792534745	14.183403174573662	14.39469667514347	14.619466972441797	14.839243096287699	15.056319751591575	15.271205368557528	15.431556017546779	15.646664066871454	Power plants	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0.38303241312217051	1.1719805197072533	2.1055052781205394	2.8533593810394899	3.7879036471777221	4.7166759311212108	5.6590573361263887	6.4420991101373772	7.2523868081605647	8.0646989246693259	8.8960646412931297	10.229943812755936	11.09895476995762	11.990458342709026	12.391396861278237	13.31570525309211	13.90431836423196	13.824586966624178	13.89275716611818	13.972067301682914	14.055792148866944	14.026654037757977	14.129210810209729	14.223511560770882	14.32844481898862	14.4331311926593	14.537740999555364	14.469079664450739	14.401355155484014	14.355814346193045	14.303492740222838	14.267061790349	14.227963087183715	14.188485851557481	14.149109541903979	14.062119859791554	14.02779867437973	Fuels	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0.6276215180776209	1.9203601777207322	3.4499963285173223	4.6754000053202454	6.2067066805009503	7.7285556176332868	9.272703913587149	9.6765326106845926	10.099139823273578	10.505486873104172	10.920694178239598	11.907166919255765	12.312303359999641	12.732769706931389	12.643843758417717	13.098457781033439	13.22360347581094	12.938477689177322	12.794281343777225	12.660443405955906	12.530474714971538	12.301332370030243	12.188843184756093	12.068610578590015	11.956755736412537	11.843916445438165	11.730252751379776	11.592684566960944	11.45691827691593	11.339715664791662	11.217981003167344	11.109478099924775	10.999589003449401	10.890111896030888	10.781414885465081	10.637398921105982	10.534153959838273	Forests	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0.20249348495604488	0.6195779041300723	1.1130940535417109	1.5084537629311987	2.002508884150572	2.4935125957512798	2.9917108899944727	3.0232746637886789	3.0579927112675347	3.0852663713199591	3.1128879185606007	3.2965092730279655	3.3128244830947371	3.3316686410816536	3.2192246735434678	3.2468847335437432	3.193015490533563	3.1489878140263889	3.1389575703522583	3.1314565063939157	3.1249287779716854	3.0934861293481473	3.0912301076430184	3.0870914777343006	3.0851814230628167	3.0831225580619512	3.0809537572254344	3.0666112423700453	3.0524646098693871	3.0430176365758115	3.032131236733048	3.0246114699390452	3.0165243846960763	3.0083552552565376	3.0002057399235786	2.9819577457373128	2.974876064096144	Water	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0.2863836430092635	0.87626017869833839	1.5742330185805313	2.1333846075742375	2.8321197075845013	3.5265392425626492	4.2311339729921835	4.2980292393581365	4.3700402575192276	4.4320183242209481	4.4950543831059253	4.7851007146528888	4.8339626368480015	4.8869460684483848	4.7467980379081816	4.8127459139733606	4.7578045388745149	4.7295278504829144	4.7518616713167887	4.7780062538209647	4.8056599060841041	4.7947326834337005	4.8288282331056109	4.8600992373257386	4.8950002554573535	4.9298132337392264	4.9645964426269851	4.982536642537255	5.0002698957981391	5.0252443403530815	5.0474300515338708	5.0748359255748419	5.1009447433040291	5.1265629237360937	5.1518636495510162	5.1593433292955124	5.1856786969928574	Transportation	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	1.7843763921271429	5.4597321264598557	9.8086057029845133	13.292522886719993	17.646145892935767	21.972879820288153	26.363012544995435	27.779867886823229	29.258017861811513	30.695922782189481	32.165852538262108	35.336998972705771	36.800228508554795	38.313621493707593	38.288780361569543	39.905250128552275	40.517592677376165	40.529024669269987	40.971133336228696	41.445979150902907	41.934073143558479	42.083772608407202	42.627244751006216	43.146532336297831	43.698823213142077	44.251267788537064	44.804364625798613	45.269822566708442	45.729548627548432	46.252171641162306	46.746157017551084	47.285739016492613	47.810784134378011	48.32875096150952	48.841271734646362	49.181511115343291	49.698296381612082	Renewables | 50% by 2030 (SB 350)	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	1.3239450348502699	4.0509307746560514	7.2776432576463961	9.8625882712578772	13.092824665394966	16.303110301042455	19.560435632655444	20.410064669478992	21.299240616106005	22.154066611130197	23.027526205510693	25.105409334258816	25.957442558242676	26.841758997368139	26.652278489414741	27.608578430083615	27.870437028280698	27.580997803434531	27.588185544163704	27.617556418598451	27.655572375947255	27.472416809677437	27.547913725474356	27.606929042572041	27.686182606204916	27.764477030525143	27.842152510449097	27.865455051909862	27.888581151386546	27.952941639610994	28.002546247150459	28.08181188901996	28.154524518221272	28.225160589126784	28.294673684602198	28.267160063913867	28.343767547703109	ZNE	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0	0	0	0	0	0	0	1.4112313928358204E-2	2.8639788902105667E-2	4.3481493664946518E-2	5.8682096017970448E-2	7.79296149001939E-2	9.428193462612236E-2	0.11097975571025492	0.12295179523715408	0.13996429053702744	0.15343618061892828	0.60883303436818714	1.065276282455921	1.5223572761557678	1.9802049453719031	2.4190096421947649	2.8780035500619801	3.3366700133286251	3.7992344413468384	4.2634304109409609	4.7292640173410412	5.0322815507189587	5.3314620679287259	5.6352297897158055	5.9330724853576235	6.2344616370645261	6.5319483549622452	6.8264711729999474	7.1182603430948417	7.3822875606354774	7.6702839406241541	Efficiency | Double EE by 2030 (SB 350)	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0	1.6136233697746358	3.5428526507150915	5.1824176851075601	6.8926485997262521	8.6247226320071988	10.177798427859765	11.505588430724947	12.841675600642338	14.17844704475757	15.570369576985154	18.499144394571299	19.757862838872491	21.018815413114325	20.294342275153841	21.326749124297759	21.614089147463595	21.158692293714338	20.702249045626601	20.245168051926758	19.787320382710622	19.348515685887758	18.889521778020544	18.430855314753899	17.968290886735687	17.504094917141565	17.038261310741483	16.735243777363564	16.436063260153798	16.132295538366719	15.8344528427249	15.533063691017997	15.235576973120278	14.941054155082576	14.649264984987681	14.385237767447046	14.09724138745837	California’s Annual GHGs

(Million Metric Tons CO2 Equivalent)



Solar PV system 

high efficiency equipment to offset size of PV system

On-site energy storage

Demand response

EV charging infrastructure

High efficiency plumbing fixtures





CO2-based Refrigeration

Leveraging C&S to Meet CA’s GHG Goals:
Code Readiness – Low-rise Office 

Dedicated outdoor air system

Fault detection diagnostics

Commissioning / acceptance tests

Daylighting

High efficiency lighting

Lighting controls

Plug load controls

Measures to Include in Low-rise Office ZNE Code Readiness Projects 
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Historical GHG emissions	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	431	466.31670451416943	481.22671626283193	480.31679690642568	483.05430849960203	492.86131332612194	485.13228391181298	482.51819298008371	489.16033972499258	487.10051431065608	458.44118156710857	453.05547099302635	450.94310089618301	458.68460353657002	459.3	CA's GHG Budget	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	440.85859999999991	427.12944937906286	411.64596584866445	395.53098597097193	380.27155885087018	364.96165230258794	349.89826239316824	343.86536504486793	337.95375571345869	332.04727556960859	326.17534269078214	321.20517778886648	315.63771227851026	310.17495318673679	304.3274176590067	299.25172137407236	290.2346	279.06710000000004	269.30080000000004	259.41390000000001	249.27920000000006	237.9486	227.57129999999998	217.10069999999996	206.43079999999998	195.66430000000003	185.01200000000003	174.06360000000001	164.47359999999998	156.34550000000002	147.84100000000001	139.60990000000001	130.76479999999998	122.94221999999999	115.32741999999999	107.99812000000001	101.11282	Remaining necessary savings	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	3.0686841290406903	14.050829652595638	24.341363820410379	34.809618175812773	45.551687315211439	56.828246343646612	67.909924348584639	79.043523930126611	90.45256324120885	101.96775418538459	113.37914604264748	125.63235810526453	136.51863027100072	146.08631949489543	155.97022771223129	165.68434021901587	175.98308713387351	185.24642189322608	194.29265666569768	202.68092539216579	211.01280353539818	Other state policies and goals	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0.13719096033700257	0.41976899992435629	0.7541301498364148	1.0219895242823716	1.3567158319175026	1.6893747850594096	2.0269081256521919	2.1462028117014862	2.2705148938008413	2.3919634419719662	2.5161376859936286	2.7740801968999627	2.8985848192673727	3.0271998817629688	3.0340791348956211	3.1708502233810059	3.2278201516919158	3.1906041895422632	3.1877468804348843	3.1874545468371696	3.1881576318635623	3.1633898009278654	3.1684261520447778	3.1715555972086866	3.1769983268510429	3.1823167408299367	3.1875502047513913	3.1989869627217318	3.2102918913795655	3.226246733761462	3.2404119881841056	3.2579292891595029	3.2746145705237604	3.2909855498825249	3.3071534015700341	3.3118822270173238	3.3287157450256588	High GWP gases	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0.68084704173357669	2.083216569865777	3.7425737113929567	5.0718979047951054	6.7330672397415201	8.3839767719464344	10.059076762968786	10.258363218506382	10.470995925057627	10.660672563362812	10.853888085249068	11.598338978104902	11.761141812026292	11.934728512429487	11.635686953574689	11.840992747433299	11.748798816077045	11.808438036764208	11.992887339115363	12.186892911912544	12.384828657442448	12.482443888688259	12.696553359093043	12.903620911291386	13.120725050589318	13.338075496742094	13.55581733748333	13.760539868993947	13.962714792534745	14.183403174573662	14.39469667514347	14.619466972441797	14.839243096287699	15.056319751591575	15.271205368557528	15.431556017546779	15.646664066871454	Power plants	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0.38303241312217051	1.1719805197072533	2.1055052781205394	2.8533593810394899	3.7879036471777221	4.7166759311212108	5.6590573361263887	6.4420991101373772	7.2523868081605647	8.0646989246693259	8.8960646412931297	10.229943812755936	11.09895476995762	11.990458342709026	12.391396861278237	13.31570525309211	13.90431836423196	13.824586966624178	13.89275716611818	13.972067301682914	14.055792148866944	14.026654037757977	14.129210810209729	14.223511560770882	14.32844481898862	14.4331311926593	14.537740999555364	14.469079664450739	14.401355155484014	14.355814346193045	14.303492740222838	14.267061790349	14.227963087183715	14.188485851557481	14.149109541903979	14.062119859791554	14.02779867437973	Fuels	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0.6276215180776209	1.9203601777207322	3.4499963285173223	4.6754000053202454	6.2067066805009503	7.7285556176332868	9.272703913587149	9.6765326106845926	10.099139823273578	10.505486873104172	10.920694178239598	11.907166919255765	12.312303359999641	12.732769706931389	12.643843758417717	13.098457781033439	13.22360347581094	12.938477689177322	12.794281343777225	12.660443405955906	12.530474714971538	12.301332370030243	12.188843184756093	12.068610578590015	11.956755736412537	11.843916445438165	11.730252751379776	11.592684566960944	11.45691827691593	11.339715664791662	11.217981003167344	11.109478099924775	10.999589003449401	10.890111896030888	10.781414885465081	10.637398921105982	10.534153959838273	Forests	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0.20249348495604488	0.6195779041300723	1.1130940535417109	1.5084537629311987	2.002508884150572	2.4935125957512798	2.9917108899944727	3.0232746637886789	3.0579927112675347	3.0852663713199591	3.1128879185606007	3.2965092730279655	3.3128244830947371	3.3316686410816536	3.2192246735434678	3.2468847335437432	3.193015490533563	3.1489878140263889	3.1389575703522583	3.1314565063939157	3.1249287779716854	3.0934861293481473	3.0912301076430184	3.0870914777343006	3.0851814230628167	3.0831225580619512	3.0809537572254344	3.0666112423700453	3.0524646098693871	3.0430176365758115	3.032131236733048	3.0246114699390452	3.0165243846960763	3.0083552552565376	3.0002057399235786	2.9819577457373128	2.974876064096144	Water	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0.2863836430092635	0.87626017869833839	1.5742330185805313	2.1333846075742375	2.8321197075845013	3.5265392425626492	4.2311339729921835	4.2980292393581365	4.3700402575192276	4.4320183242209481	4.4950543831059253	4.7851007146528888	4.8339626368480015	4.8869460684483848	4.7467980379081816	4.8127459139733606	4.7578045388745149	4.7295278504829144	4.7518616713167887	4.7780062538209647	4.8056599060841041	4.7947326834337005	4.8288282331056109	4.8600992373257386	4.8950002554573535	4.9298132337392264	4.9645964426269851	4.982536642537255	5.0002698957981391	5.0252443403530815	5.0474300515338708	5.0748359255748419	5.1009447433040291	5.1265629237360937	5.1518636495510162	5.1593433292955124	5.1856786969928574	Transportation	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	1.7843763921271429	5.4597321264598557	9.8086057029845133	13.292522886719993	17.646145892935767	21.972879820288153	26.363012544995435	27.779867886823229	29.258017861811513	30.695922782189481	32.165852538262108	35.336998972705771	36.800228508554795	38.313621493707593	38.288780361569543	39.905250128552275	40.517592677376165	40.529024669269987	40.971133336228696	41.445979150902907	41.934073143558479	42.083772608407202	42.627244751006216	43.146532336297831	43.698823213142077	44.251267788537064	44.804364625798613	45.269822566708442	45.729548627548432	46.252171641162306	46.746157017551084	47.285739016492613	47.810784134378011	48.32875096150952	48.841271734646362	49.181511115343291	49.698296381612082	Renewables | 50% by 2030 (SB 350)	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	1.3239450348502699	4.0509307746560514	7.2776432576463961	9.8625882712578772	13.092824665394966	16.303110301042455	19.560435632655444	20.410064669478992	21.299240616106005	22.154066611130197	23.027526205510693	25.105409334258816	25.957442558242676	26.841758997368139	26.652278489414741	27.608578430083615	27.870437028280698	27.580997803434531	27.588185544163704	27.617556418598451	27.655572375947255	27.472416809677437	27.547913725474356	27.606929042572041	27.686182606204916	27.764477030525143	27.842152510449097	27.865455051909862	27.888581151386546	27.952941639610994	28.002546247150459	28.08181188901996	28.154524518221272	28.225160589126784	28.294673684602198	28.267160063913867	28.343767547703109	ZNE	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0	0	0	0	0	0	0	1.4112313928358204E-2	2.8639788902105667E-2	4.3481493664946518E-2	5.8682096017970448E-2	7.79296149001939E-2	9.428193462612236E-2	0.11097975571025492	0.12295179523715408	0.13996429053702744	0.15343618061892828	0.60883303436818714	1.065276282455921	1.5223572761557678	1.9802049453719031	2.4190096421947649	2.8780035500619801	3.3366700133286251	3.7992344413468384	4.2634304109409609	4.7292640173410412	5.0322815507189587	5.3314620679287259	5.6352297897158055	5.9330724853576235	6.2344616370645261	6.5319483549622452	6.8264711729999474	7.1182603430948417	7.3822875606354774	7.6702839406241541	Efficiency | Double EE by 2030 (SB 350)	32874	36526	36892	37257	37622	37987	38353	38718	39083	39448	39814	40179	40544	40909	41275	41640	42005	42370	42736	43101	43466	43831	44197	44562	44927	45292	45658	46023	46388	46753	47119	47484	47849	48214	48580	48945	49310	49675	50041	50406	50771	51136	51502	51867	52232	52597	52963	53328	53693	54058	54424	54789	0	1.6136233697746358	3.5428526507150915	5.1824176851075601	6.8926485997262521	8.6247226320071988	10.177798427859765	11.505588430724947	12.841675600642338	14.17844704475757	15.570369576985154	18.499144394571299	19.757862838872491	21.018815413114325	20.294342275153841	21.326749124297759	21.614089147463595	21.158692293714338	20.702249045626601	20.245168051926758	19.787320382710622	19.348515685887758	18.889521778020544	18.430855314753899	17.968290886735687	17.504094917141565	17.038261310741483	16.735243777363564	16.436063260153798	16.132295538366719	15.8344528427249	15.533063691017997	15.235576973120278	14.941054155082576	14.649264984987681	14.385237767447046	14.09724138745837	California’s Annual GHGs

(Million Metric Tons CO2 Equivalent)

Exploring Dual-path Approach 
Provide Builders with a Compliance Option that Values  Efficient Equipment
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				Equipment
		Solar PV System		Cost

		Option 1		Just meets federal efficiency standards		Larger PV system		More costly

		Option 2		More efficient than required by federal efficiency standards		Smaller PV system		Less Costly













Preferred Option

cannot be primary prescriptive path due to preemption

Exploring opportunities to include in building code by way of dual path approach









Option 2 is preferred because it respects the loading order and uses a smaller and less expensive PV system
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U.S. EPA reported a 292,965% increase in GHG emissions from HFCs in the commercial sector between 1990 and 2013

Emissions from HFCs are a Growing Portion of Overall GHG Emissions 
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U.S. EPA reported the emissions of GHG (measured in CO2e) from fluorinated gases increased by 73 percent between 1990 and 2013 for the nation as a whole. In the commercial sector, U.S. EPA reported a 292,965 percent increase in GHG emission (measured in CO2e) from fluorinated gases between 1990 and 2013. This significant increase in GHG emissions from fluorinated gases occurred at the same time that U.S. EPA measured an overall decrease in GHG emissions and a significant decrease in emissions from landfills and from emissions of gases other than CO2 associated with the combustion of fossil fuels. 
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Transitioning to CO2 Refrigerants 
Could Reduce GHG Emissions Significantly 
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Sources: CARB GHG Inventory data on HFC emissions; PATHWAYS data on total GHGs by sector

In 2013, emissions from HFCs used for refrigeration and AC accounted for ~14% of GHG emissions from commercial buildings

HFCs have a Global Warming Potential (GWP100) that is 140 to 11,700 times higher than the GWP100 of CO2



Transitioning to CO2 refrigeration would reduce GHG emissions from the commercial sector by ~14%

This a 2% reduction in statewide GHG emissions





Statewide GHG Emissions from 
HFCs and All Other GHGs 

Other	Commercial	Residential	46.089513589499994	59.317490866200004	HFCs for other uses
(Aerosols, foams, fire safety)	Commercial	Residential	0.37399086839999995	1.7486713248000003	HFCs used for refrigeration 
and air conditioning	Commercial	Residential	7.6564955421000001	1.6278378090000001	

Statewide GHG Emissions

(MMtCO2e in 2013)







SB 350: Doubling IOUs’ AAEE + POU Targets
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SB 350: Doubling IOUs’ AAEE + POU Targets
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SB 350: Doubling IOUs’ AAEE + POU Targets

94







C&S Modeling – Adopted Federal Details

Adopted standards not included in the 2015-2025 CEC Demand Forecast baseline
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C&S Modeling – Adopted T20 Details

Adopted standards not included in the 2015-2025 CEC Demand Forecast baseline
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C&S Modeling – Adopted T24 Details

Adopted standards not included in the 2015-2025 CEC Demand Forecast baseline
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C&S Modeling – Projected Federal Details

Updates every 6 years for federal measures.

Update #1 shown to the left

Measures have 1-2 updates from 2016-2030

Diminishing returns of savings/measure assumed

Currently developing more conservative assumptions about frequency of updates

Projected Federal subtracted from preempted savings potential in the Expanded Scenario
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C&S Modeling – Projected T20 Details

T20 currently in rulemakings, likely to be adopted 2016 (left) + 

Likely additional T20 (right)

Based on average CEC rate of adoption

Assuming measures with the highest impact are adopted first
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C&S Modeling – Projected T24 Details

Title 24: 2019, 2022, 2025, 2028
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C&S Modeling – More Aggressive DOE and/or 
CA Preemption Waiver Details
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Estimate of preempted savings potential draws on 2012 ACEEE paper “Federal Appliance Standards Should be the Floor, Not the Ceiling: Strategies for Innovative State Codes & Standards”

<http://aceee.org/files/proceedings/2012/data/papers/0193-000415.pdf>

All adopted and projected Federal measures subtracted from 2012 potential estimate

Further refinements to estimate under development

Savings from more aggressive DOE activity and/or CA preemption waiver would be higher under a less optimistic scenario for Projected Federal





C&S Modeling – Double T20 Adoption Rate Details

Additional savings from likely T20, because they would be adopted earlier
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More measures would be adopted by 2030 if CEC adopted measures twice as fast. These measures were chosen assuming that CEC will prioritize the highest impact measures.







C&S Modeling – More Aggressive T24 Details
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Title 24: 2019, 2022, 2025, 2028

5% more savings each year

Working on developing more aggressive scenario





Key GHG-Reducing CA Policies & Targets
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Source: See Appendix for details on the selected policies and targets above as well as additional GHG-reducing CA goals. 













Supporting Agencies:





Policy Wedge Details
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Source: CALGAPS, except Efficiency, which is a combination of NRDC analysis and E3’s PATHWAYS
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Policy Wedge Details
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Source: CALGAPS
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Policy Wedge Details
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Source: CALGAPS
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Policy Wedge Details
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Source: CALGAPS
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Climate Strategy Next Steps
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Refine Modeling





Further Develop Strategic Plan Document





Prioritize Key Initiatives in Strategic Plan





Implement, Iterate





How can we reach/exceed SB 350 EE goal?





Vision, key strategies, and key initiatives





Quantify non-EE C&S in terms of GHGs





Based on GHG impact, needs and strengths assessment, feasibility, timing, cost





Develop specific contracts for high priority initiatives





Living strategic plan document





Assess shifting towards a single GHG reduction target
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AL B KNOWLEDGE CENTER | SAFETY AND OPERATIONS  POLICY AND

NATURAL GAS FURNACE EFFICIENCY RULE

HOME/ POLICY AND ISSUES ENVIRONMENT / ENERGY EFFICIENCY / NATURAL GAS FURNACE EFFICENCY RULE

The U.S. Department of Energy (DOE) recently issued a notice of proposed rulemaking for
residential natural gas furnaces, which would mandate that all non-weatherized natural gas
furnaces manufactured must have a 92 percent or higher efficiency rating. These proposed
standards would eliminate efficient, non-condensing furnaces, causing an undue burden on,
and significant costs for, many natural gas customers.

Click here to see AGA's blog post about the rule.

Support for Rep. Blackburn's amendment regarding energy conservation standards for
residential natural gas furnaces

Written Testimony of John Somerhalder, President and CEO of AGL Resources, and past
Chairman of AGA

Freedom of Information Request to DOE from AGA (March 31, 2015)

AGA Statement at DOE's Public Meeting on the National Gas Furnace Efficiency Rule
Natural Gas Furnace Efficiency Rule Fact Sheet

Infographic: AGA Furnace Standard

Gas Technology Institute - Fuel Switching Study

Gas Technology Institute Technical Analysis: Furnace Efficiency Rule
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RankUtility/Entity Name State


 2014 EE 


Spending 


($M) 


26 Arizona Public Service Co AZ 58 $               


27 PacifiCorp UT 56 $               


28 Duke Energy Progress - (NC) NC 56 $               


29 PPL Electric Utilities Corp PA 54 $               


30 Oncor Electric Delivery Company LLC TX 53 $               


31 MidAmerican Energy Co IA 53 $               


32 Entergy Arkansas Inc AR 52 $               


33 Tennessee Valley Authority TN 50 $               


34 Niagara Mohawk Power Corp. NY 49 $               


35 Interstate Power and Light Co IA 49 $               


36 Salt River Project AZ 47 $               


37 Western Massachusetts Electric Company MA 45 $               


38 City of San Antonio - (TX) TX 44 $               


39 City of Seattle - (WA) WA 42 $               


40 Union Electric Co - (MO) MO 42 $               


41 Delmarva Power MD 41 $               


42 Vermont Energy Investment Corporation VT 41 $               


43 Sacramento Municipal Util Dist CA 41 $               


44 Cape Light Compact MA 37 $               


45 United Illuminating Co CT 35 $               


46 Georgia Power Co GA 35 $               


47 Duke Energy Indiana Inc IN 34 $               


48 Virginia Electric & Power Co VA 33 $               


49 Hawaii Energy Efficiency Program HI 33 $               


50 Duke Energy Florida, Inc FL 30 $               
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RankUtility/Entity Name State


 2014 EE 


Spending 


($M) 


1 Pacific Gas & Electric Co CA 419 $             


2 Southern California Edison Co CA 391 $             


3 Massachusetts Electric Co (National Grid) MA 230 $             


4 NJ Clean Energy Program NJ 191 $             


5 NSTAR Electric Company (Eversource) MA 188 $             


6 NYSERDA NY 145 $             


7 Northern States Power Co - Minnesota (Xcel) MN 138 $             


8 Connecticut Light & Power Co CT 134 $             


9 Commonwealth Edison Co IL 120 $             


10 Potomac Electric Power Co MD 118 $             


11 Energy Trust of Oregon OR 118 $             


12 Puget Sound Energy Inc WA 93 $               


13 Baltimore Gas & Electric Co MD 89 $               


14 Long Island Power Authority NY 82 $               


15 The Narragansett Electric Co (NGRID) RI 81 $               


16 Los Angeles Department of Water & Power CA 78 $               


17 Consolidated Edison Co-NY Inc NY 77 $               


18 San Diego Gas & Electric Co CA 77 $               


19 Consumers Energy Co MI 75 $               


20 PECO Energy Co PA 75 $               


21 Ohio Power Co OH 73 $               


22 Focus on Energy WI 70 $               


23 Public Service Co of Colorado (Xcel Energy) CO 65 $               


24 Ameren Illinois Company IL 62 $               


25 Duke Energy Carolinas, LLC NC 60 $               




image80.png

LIPA

Long Island Power Authority






image81.gif

VPACIFICORP






image82.jpeg







image83.jpeg







image84.png







image85.jpeg

SiVISTA






image86.png







image87.png







image88.emf

RankEntity Name State


 2014 EE 


Spending 


($M) 


1 Pacific Gas & Electric Co CA 419 $               


2 Southern California Edison Co CA 391 $               


3 Massachusetts Electric Co (National Grid) MA 230 $               


4 NSTAR Electric Company (Eversource) MA 188 $               


5 NYSERDA NY 145 $               


6 Connecticut Light & Power Co CT 134 $               


7 Energy Trust of Oregon OR 118 $               


8 Puget Sound Energy Inc WA 93 $                  


9 Long Island Power Authority NY 82 $                  


10 The Narragansett Electric Co RI 81 $                  


11 Los Angeles Department of Water & Power CA 78 $                  


12 Consolidated Edison Co-NY Inc NY 77 $                  


13 San Diego Gas & Electric Co CA 77 $                  


14 Arizona Public Service Co AZ 58 $                  


15 Niagara Mohawk Power Corp. NY 49 $                  


16 Salt River Project AZ 47 $                  


17 Western Massachusetts Electric Company MA 45 $                  


18 City of Seattle - (WA) WA 42 $                  


19 Sacramento Municipal Util Dist CA 41 $                  


20 Cape Light Compact MA 37 $                  


21 United Illuminating Co CT 35 $                  


22 PUD 1 of Snohomish County WA 21 $                  


23 New York State Elec & Gas Corp NY 15 $                  


24 Tucson Electric Power Co AZ 13 $                  


25 PacifiCorp WA 11 $                  


26 Avista Corp WA 11 $                  


27 City of Tacoma  - (WA) WA 11 $                  
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RankEntity Name State


 2014 EE 


Spending 


($M) 


1 Northern States Power Co - Minnesota (Xcel) MN 138 $       


2 Commonwealth Edison Co IL 120 $       


3 Potomac Electric Power Co MD 118 $       


4 Baltimore Gas & Electric Co MD 89 $          


5 Ohio Power Co OH 73 $          


6 Public Service Co of Colorado CO 65 $          


7 Ameren Illinois Company IL 62 $          


8 MidAmerican Energy Co IA 53 $          


9 Interstate Power and Light Co IA 49 $          


10 Delmarva Power MD 41 $          


11 Vermont Energy Investment Corporation VT 41 $          
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RankUtility Name State


2014 EE 


Spending 


($M)


1 Pacific Gas & Electric Co CA 419 $       


2 Southern California Edison Co CA 391 $       


3 Energy Trust of Oregon OR 118 $       


4 Puget Sound Energy Inc WA 93 $          


5 Los Angeles Department of Water & Power CA 78 $          


6 San Diego Gas & Electric Co CA 77 $          


7 City of Seattle - (WA) WA 42 $          


8 Sacramento Municipal Util Dist CA 41 $          


9 PUD 1 of Snohomish County WA 21 $          


10 PacifiCorp WA 11 $          


11 Avista Corp WA 11 $          
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‘The Hottest Year on Record
Globally, 2015 was the warmest yearin ecorded histor.
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2010-12 Fed App - Electric Motors 1-200HP

2010-12 Fed App - Residential Electric & Gas Ranges

2010-12 Fed App - Incandescent Reflector Lamps.

2010-12 Fed App - General Service Fluorescent Lamps.
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2016-18 Fed App - Automatic Commercial Ice Makers

2016-18 Fed App - Single-Package Vertical A/C and HP

2016-18 Fed App - Air-Cooled Commercial Package ACs and HPs - Tier 1

2016-18 Fed App - Air-Cooled Commercial Package ACs and HPs - Tier 2
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2015 T-20 - Residential Faucets & Aerators - Lavatory w/ Natural Gas Water Heating - Tier 2 (1.5-1.2 gpm))
2015 T-20 - Residential Faucets & Aerators - Lavatory w/ Electric Water Heating - Tier 2 (1.5 1.2 gpm)
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2015 T-20 - Toilets - Residential (1.28 gpf)

2015 T-20 - Urinals (.125 gpf)
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Future T-20 - LED Quality Lamps.
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Figure 5. Projected California Annual Savings After Full Stock Turnover if Equipment in
Major Precmpted End-Use categories (Lighting, HVAC, Water Heating, and Appliances)
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2025 Title 24 - Process.
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Category

2ZNE

Policy / Target

Double EE by 2030

Based on a doubling of the mid-case Additional Achievable
Energy Efficiency (AAEE) projected for the I0Us in the CEC
Demand Forecast 2015-2025, plus a doubling of POU EE targets
(58 350). ZNE subtracted to avoid double counting.

cPuC strategic Plan ZNE buildings

100% new residential construction ZNE by 2020; no residential
ZNE retrofits. 100% of new commercial construction ZNE by 2030;
150% of commercial retrofits ZNE by 2030 (CPUC. 2008). Does not
assume that any fraction of existing buildings are ZNE.

Renewables

RPS 33% target (S8 1078, B 107, SP E-
3,582; includes 581)

Increase renewable electricity generation to 33% by 2020 (CARE,
2013¢; 5. Grant, pers. commun., 2013; GoSolarCA, 2014)

|50% renewables by 2030

[An additional 27% increase in renewable electricity generation to|
|50% by 2020 (8 350)

Local actions and RPS targets

[Additional 4% RPS and 8.2 MtC02e/yr other GHG reductions by

2020 (R. McCarthy, pers. commun. 2013)
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Category Policy / Target

Description

Pavley LDV efficiency/GHG
standards (AB 1453)

Reduce GHG emissions from LDVs through 2025, resulting in
doubled fleet efficiency to 40 mpg by 2040 (CARE, 2013b)

LDV ZEV deployment (EO B-16-2012)

6% (~1.5 M) of fleet by 2025 (11% by 2035, 13% by 2050) (GO,
2012)

LDV VMT reductions (58 375)

7.6% below Business As Usual scenario (S0) in 2020, 12% below SO|
in 2035 (Leginfo, 2008; J. Cunningham, pers. commun., 2013)

HDV efficiency standards

EPA/NHTSA)
Transportation (P )

Heavy heavly-duty diesel *7 mpg; medium heavy-duty gasoline
11 mpg, diesel “14 mpg by 2020 (EPA, 2011; J. Cunningham, pers.
commun., 2013)

[scoping Plan HDV efficiency (5P T-8)

[Reduction of 0.5 MtCOZe/yr in 2020 (CARL 2008), by increasing
efficiency 1.3% for all vehicle types

[scoping Plan HDV efficiency (5P T-8)

[Reduction of 0.5 MtCO2e/yr in 2020 (CARL 2008), by increasing
efficiency 1.3% for all vehicle types

[scoping Plan HOV VMIT (goods
movement) reductions (5P T-2)

[Reduction of 3.5 MtCOe/yr in 2020 (GARB, 2008), by reducing VMT
9.5% relative to baseline

High-speed rail deployment (5P T-5)

Deploy high-speed rail in 2022, growing to ridership of 27 M/yr by|
2030 (M. Cederoth, pers. commun., 2014)







image157.png

Forests

Fuels

High GWP Gases

Policy / Target

Description

|20x20 water conservation (8 X7-7)

[Reduce residential/commercial wateruse 20% per capita in 2020
(DWR, 2014)

[Additional water conservation (5P W-
1 through W-4)

[Additional 4 MtCO2e/yr reduction (CARB, 2008) equivalent to
|additional 26% savings in residential and commrecial sectors.

sustainable forests (sP F-1)

|sequestration of 5 MtcO2e/yr in forests in 2020 (CARE, 2008)

LCFS target (EO 3-01-07)

10% reduction in GHG emissions by 2020 (22% biofuel gasoline,
|5% biofuel diesel) (GO, 2007)

petroleum fuel displacement (A8
12076, AB 1007)

[20% petroleum displacement by 2020, 26% by 2022, 30% by 2030
(GEC. 2005, 2007)

In-state bio fuels targets (£0 5-06-06)

Minimum of 0% in-state biofuels by 2020, 75% by 2050 (GO,
|2006)

Once-through cooling phase-out
(Clean water Act)

Phase out 15.6 GW of capacity by 2030 (CCEF, 2011; SWRCB, 2013)

Imported coal power phase-out (S8
1368)

Phase out 3.9 GW of capacity by 2030 (CCEF, 2012; CEC, 2014)

[scoping Plan high GWP measures (sp
H-1 through H-5, some H-6)

Reduction of 10 MtCO2e/yr in 2020 (CARE, 2008; R. McCarthy,
pers. commun., 2013)

HFC phase-out (includes SP H-6)

Reduce HFCs 25% in 2030, 100% by 2050 (CARE, 2008; WP, 2013;

|author estimates)
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Category Policy / Target

Description

Landfill methane capture (5P RW-1)

Reduce GHG emissions 1.5 MtCO2e/yr in 2020, equal to 10%
reduction in gross emissions (CARE, 2008)

Electricity storage target

1.3 6W by 2020 (CPUC, 2010)

Other state pol
and goals

Diablo Canyon nuclear power
relicense

Maintain 2.2 GW capacity through 2045 (NRC. 2013)

Build CCS power

300 MW by 2020 (HECA 2013)

Increased CHP (sP E-2and Governor's

target)

[Additional 30 TWh/yr by 2020 (CARE. 2008) and 6.5 GW capacity by|
2030 (60, 2011)
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