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Guides

A Pocket Guide to Electric Transportation 2023
Read Publication
Electrifying transportation is the world’s single largest climate change challenge, causing about 28% of total greenhouse gas emissions and 45% of smog-causing nitrogen oxides. More than half of these emissions come from passenger vehicles and light/medium/heavy duty trucks. Globally, about 75% of CO2 emissions from transportation are from road vehicles.

This pocket guide is intended to help you buy electrically and make better public policies. From your personal car to rented construction equipment and from jet skis to cargo bikes.
2023-06-30


Guides

Redwood Energy's Pocket Guide to All-Electric Commercial Retrofits
Read Publication

This “pocket guide” helps you identify trends in commercial electrification, teaches Best Practices through case studies, references nine interviews with practicing engineers, and finishes with an extensive product catalog of commercial appliances and equipment.
2022-06-27


Guides

A Pocket Guide to All Electric Retrofits of Single Family Homes
Read Publication
Jump to the section that you're interested in:
Benefits and strategies for electrifying your home
COST
CLIMATE
COMFORT
HEALTH
SAFETY


Cost to electrify your entire home and specific appliances
ELECTRIFYING ON A TIGHT BUDGET
SPACE HEATING AND COOLING
WATER HEATING
KITCHEN
LAUNDRY DRYING


The "Watt Diet' - how to calculate your home's electrical load on your panel and ways to reduce the power demand of your home

THE WATT DIETAll Electric retrofit Case Studies from around the United States

An Extensive Product Guide

Induction Cooking


Heat Pump Water Heaters


Electric Dryers


Heating and Cooling


Electric Vehicles


Power Sharing


Solar PV Products


Back-Up Batteries


Heat Pump Pool and Spa Heating


Electric Saunas


Electric Outdoor Heating


Electric Fireplaces


Electric Landscaping


Electric Barbecues




This booklet is a simple “how-to” guide to help homeowners, home renters, and utilities and policy makers who want to replace existing gas appliances with efficient electric alternatives. Many of the electric products highlighted here are simple and require no home modifications. This booklet has three sections, the first to explain the costs, benefits and strategies for electrifying a home, the second section is lessons learned from case studies of retrofitted homes, and the third section is an extensive product guide to help choose your electrification appliances.
2022-04-01


Guides

Consumers Energy All-Electric Multifamily Design Guide October 2021
Read Publication


2021-10-01


Guides

Zero Emissions All-Electric Single Family Construction Guide
Read Publication


2020-04-01


Guides

Zero Carbon Commercial Construction 2nd Edition
Read Publication
	Educational and informative with case studies and history
	Updated comprehensive and curated all-electric product guide
	Inspirational large-scale architecture
	Actionable electrification strategies



2019-09-01


Guides

A Zero Emissions All-Electric Multifamily Construction Guide
Read Publication
	Educational and informative
	Comprehensive and curated all-electric product guide
	Inspirational architecture
	Case studies




2019-01-01


Reports

Electrification of Homes without an Electrical Service Upgrade
Read Publication

This document discusses the full electrification of residential buildings in Alberta, covering aspects such as the Watt Diet, appliance swapping, load-sharing devices, and a few examples of piloted devices and applications. Single-line diagrams are provided for reference. 
2023-10-24


Reports

Redwood Energy comment letter on NEM 3.0
Read Publication
A Discussion of the Absence of the Societal Cost Test Analysis and Lack of Income-Based, Time of Use Analysis in the NEM 3.0 Pro

This letter to the CPUC for the Net Energy Metering 3.0 proceeding of December, 2022, includes a comprehensive literature review of Time of Use rate research that illustrates no TOU study, hypothetical or real-world, to date has shown Low Income households to benefit from TOU rates.
2022-11-21


Reports

Retrofit Ready Induction Stove
Read Publication

The primary objective for the project team is to analyze cooking session data taken from the Atascadero housing complex and determine if an 1800W induction cooktop is sufficient for their cooking needs. The project deliverables summarized below reflect the data analysis requests of the client (Redwood Energy) and are within scope of what is extractable from the data set provided. 
2022-11-12


Case Studies

Getting to All Electric Multifamily ZNE - Atascadero Family Apts | Atascadero, CA
Read Publication

In 2014, Atascadero Family Apartments won highly competitive funding from the USDA Rural Development Division with commitments to all-electric design, 105%solar PV offset with a strategy to store 5% of the site energy “off-grid,” LEED Platinum, and Dept. of Energy Zero Energy Ready Homes (ZERH). While this was the developer’s 5th all electric project, this design strategy for storage was new and overall, a departure from their standard designs, which are typically not high performing, all-electric buildings and assume a central gas boiler not individual systems.
2022-10-19


Technology Briefs

Building Energy Modeling for Zero Net Energy Design
Read Publication
This document is intended for building designers, building energy modelers, model and compliance code developers, and anyone interested in Zero Net Energy design. This paper draws from the findings of the EPIC research project (EPC 15-097) optimizing domestic hot water in four multifamily affordable all-electric new construction projects in California. The research focused on the evaluation of domestic hot water heat pump systems in four multifamily affordable all-electric new construction projects in California. Final Report: Getting to All-Electric Multifamily ZNE Construction 


2022-06-01


Reports

Service Upgrades for Electrification Retrofits Study Final Report
Read Publication


2022-05-27


Reports

The Impact of the California Utility Allowance Calculator and the Benefits of Standardization within California Title 24 Software
Read Publication


2022-04-28




Summary of Advice on “Gas Not Available” In Title 24 Energy Modeling
Read Publication
Summary of Correspondence with the Senior Mechanical Engineer of the California Energy Commission, Danny Tam, Regarding the “Gas NotAvailable” Setting in Title 24 Code Software.
On Thursday, February 25, 2021, Danny Tam of the CEC corresponded with Sean Armstrong of Redwood Energy on questions regarding modeling heat pump water heaters, which centered on the topic of how to answer the software prompt of whether natural gas is “available” to the building.
The guidance and citations shared by Danny Tam (see Correspondence on the next page) are summarized in the following two points:
1. On p.73 of the 2019 Building Energy Efficiency Standards “NATURAL GAS AVAILABILITY” is defined: “For newly constructed buildings, natural gas is available if a gas service line can be connected to the site without a gas main extension.” The CEC does not define “gas . ain extension,” and defers to the Utilities.
2. PG&E defines a gas “Main Line Extension” as an “Extension of electric or gas service from the main energy supply line to the customer’s facility.” A “supply line to the customer’s facility” is called a “Service Lateral” in language of Architects and Engineers.

Discussion 
The CEC does not have an independent definition of what constitutes a “gas main extension,”nor does it define whether a “site” is a building or a parcel, but Title 24 code regulates onlybuildings.
The Senior Mechanical Engineer of the CEC directs interested parties to a definition provided by PG&E. PG&E’s definition describes a Gas Service Lateral to a “customer’s facility,” which is more clearly speaking to a building, not to the parcel. Utilities deliver to meters that are nearor attached to buildings, not to the parcel boundary.
Consequently it is reasonable and appropriate for a Certified Energy Analyst to select “Gas Not Available” in the Title 24 software prompt when a Gas Service Lateral is not being extended to the parcel the building sits upon, nor to the building. With more than 50 cities in California banning gas in new construction as of March of 2022, and the California Air Resources Board announcing a new rule to end the sale of all gas appliances by 2030, a CEA will have to get comfortable with the relatively new practice of choosing the “Gas Not Available” setting in Title 24 software.
The result of choosing “Natural Gas Not Available” the first tab of the CEC Title 24 software is the software sets Propane as the only Available fuel. Propane boilers’ fuel costs are consistently higher than various heat pump water heater’s electricity costs, and a Title 24 model shows positive Compliance for heat pump boilers. This is true even without a .25-.35 solar fraction that is in the Prescriptive Code for all multifamily central water heaters.



2022-03-22


Reports

Benefits of Rooftop Solar for Low-income Seniors
Read Publication


2021-10-25


Reports

Getting to All-Electric Multifamily ZNE Construction Report
Read Publication


2021-10-22


Reports

Getting to All-Electric Multifamily ZNE Construction Appendices
Read Publication


2021-10-22


Case Studies

Getting to All Electric Multifamily ZNE - Edwina Benner Plaza | Sunnyvale, CA
Read Publication


2021-10-19


Technology Briefs

Domestic Water Heating
Read Publication
This technology brief is intended for building owners, architects, MEP engineers, green building consultants, and homeowners who are making design decisions around heat pump water heating(HPWH) systems in new construction multifamily buildings. This paper draws from the findings of the EPIC research project (EPC 15-097) optimizing domestic hot water in four multifamily affordable all-electric new construction projects in California. The research focused on the evaluation of domestic hot water heat pump systems in four multifamily affordable all-electric new construction projects in California. Final Report: Getting to All-Electric Multifamily ZNE Construction


2021-06-01


Technology Briefs

Energy and Performance Monitoring for Owners
Read Publication
This technology brief is intended for multifamily building owners and operators to learn of the various methods by which their building can be monitored to understand performance and identify issues. This paper draws from the findings of the EPIC research project (EPC 15-097) optimizing domestic hot water in four multifamily affordable all-electric new construction projects in California. The research focused on the evaluation of domestic hot water heat pump systems in four multifamily affordable all-electric new construction projects in California. Final Report: Getting to All-Electric Multifamily ZNE Construction


2021-06-01


Technology Briefs

Solar Photovoltaics
Read Publication
This technology brief is intended for multifamily building owners, architects, engineers, and green building consultants working to design all-electric zero net energy (ZNE) multifamily buildings from the ground up. This paper draws from the findings of the EPIC research project (EPC 15-097) optimizing domestic hot water in four multifamily affordable all-electric new construction projects in California. The research focused on the evaluation of domestic hot water heat pump systems in four multifamily affordable all-electric new construction projects in California. Final Report: Getting to All-Electric Multifamily ZNE Construction 


2021-06-01


Technology Briefs

Thermal Load Shifting with Heat Pump Water Heaters
Read Publication
This technology brief is intended for building owners, architects, MEP engineers, green building consultants, utilities, 3rd party demand response aggregators, and homeowners who are making design decisions around heat pump water heating (HPWH) systems in new construction multifamily buildings.This paper draws from the findings of the EPIC research project (EPC 15-097) optimizing domestic hot water in four multifamily affordable all-electric new construction projects in California. The research focused on the evaluation of domestic hot water heat pump systems in four multifamily affordable all-electric new construction projects in California. Final Report: Getting to All-Electric Multifamily ZNE Construction 


2021-06-01


Reports

Portable HP Space Heater Research
Read Publication


2021-05-21


Reports

Pool Heat Pump Strategies
Read Publication


2021-05-20


Reports

Pool Heat Pump Design Strategies and Bay Area Resources
Read Publication
This technical guidance is directed at pool contractors, architects, educators, and program staff at relevant agencies, authorities having jurisdiction, and community choice energy programs. This guide is most appropriate for the single-family or smaller multifamily residential poolmarket, and touches on equipment sized for larger pools only briefly. 
This guide includes the results of interviews with four Bay Area swimming pool contractors who install heat pumps, including the products they sell and best practices for designing with heat pump pool heaters. This guide draws from product documentation to identify the best products for Bay Area climates.
While common world-wide and regionally in the U.S. (e.g. Florida, Hawaii), heat pump pool heaters are a growing market in the Bay Area due to the ~1% adoption of all-electric new construction in California from 2010-2019, according to SCE’s internal review of building permits. As of spring of 2021, many Bay Area cities have adopted prohibitions or Code-based discouragements on installing natural gas infrastructure, making it necessary to provide technical assistance to designers who are supporting new construction of swimming pools.


2021-05-01


Reports

Trinity Church Electrification Feasibility Study
Read Publication

Redwood Energy was contracted by Trinity Church in Menlo Park to deliver a feasibility report and plan for reducing natural gas use on its campus and adding a resilient microgrid so that the campus could be used as a shelter during grid outages. This document includes budget estimates for needed equipment and specific equipment recommendations to replace each gas appliance. 
2020-12-01


Reports

High Efficiency Cookware Study: Energy Usage Comparison of Stovetop and Insulated Cookware
Read Publication
This study examines the energy usage of five different technologies of cookware. Three insulated; a Crock-Pot model SCR200-R 2-QT slow cooker, a COSORI C3120-PC 2-QT pressure cooker and a Redmond 5-QT electric pressure cooker and two non-insulated; a SUNAVO 1500W electric cooktop, a Avantco IC1800 countertop induction range and an Air Core 8-quart insulated pot on the SUNAVO 1500W electric cooktop. Two different pressure cookers were used to see if volume influences cooking efficiency.


2020-10-01


Reports

Characterizing the Electromagnetic Fields and Testing of Induction Ranges
Read Publication


2020-06-30


Reports

Heat Pumps For Hot Water: Installed Costs In New Homes
Read Publication


2020-06-01


Reports

Additional Solar Needed to Offset Electrification Costs for Multifamily Apartments in Southern California Edison Territory
Read Publication
Study Question:
What amount of additional solar is required to make utility bills of an all-electric apartment
building cheaper than its gas hybrid counterpart, built to the 2019 California Title 24 New
Construction Low Rise Residential Multifamily Energy Code in all Southern California Edison
Territory Climate Zones?

Summary of Study:
Three scenarios were studied using a two-story multifamily project, all designed to meet
California’s 2019 Title 24 Code with minimum code compliant PV arrays.
The scenarios studied are as follows:
	Minimum prescriptive compliance options for all-electric and gas-hybrid construction
	High performance mechanical system options for all-electric and gas-hybrid construction
	Adding more PV to the all-electric Minimum Prescriptive and High-Performance options
until the utility bills are lower than the gas-hybrid options

The two-story multifamily project of study consists of 26 residential apartments (Figure 1) and
was modeled using Energy Pro v8.0.3. The building of study was modeled in Southern
California Edison (SCE) Territories 5, 9, 10, 13, 14 and 16 residing in California Energy
Commission (CEC) Climate Zones 6, 9, 10, 13, 14 and 16 respectively.

Figure 1: The apartment building of study, modeled in all Southern California Edison Territories


Comparing Utility Rates and Additional Solar Needed to Offset Costs of 2019 CA Title 24 Prescriptive and High-Performance Apartments in All-Electric vs. Natural Gas-Hybrid Scenarios
2019-01-27


Reports

Lifecycle Leakage Rate of Natural Gas Consumed in California
Read Publication
Abstract:
This paper uses the best-available science to estimate of the rate of leakage of natural gas from extraction to end-user (“lifecycle”) for natural gas used within California. Methane, the primary component of natural gas, is a very powerful short-lived climate pollutant. Understanding the rate at which methane escapes from the natural gas system has important implications on both short term climate impacts and long-term infrastructure planning for a low-carbon future. The California Greenhouse Gas Inventory compiled by the Air Resources Board accounts for emissions from sources and activities that occur only within state boundaries. As California imports 90% of the natural gas consumed within the State, excluding emissions from out-of-state processes can skew how the carbon intensity of different energy sources compare to each other and how greenhouse gas mitigation programs are chosen. This paper found that natural gas consumed in California has a lifecycle leak rate of 3.6% [2.4 – 4.3]%.
….for comparison purposes, studies have revealed that if
2% of natural gas leaks before being combusted for end use, the climate benefit from the use of natural gas instead of coal is negated (Wigley 2011).



2018-06-01


Reports

A Literature Review of Chemicals Found in Potable Water Plumbed with PEX and CPVC
Read Publication


2018-06-01


Reports

Lifecycle Cost Comparison of Heating and Cooling
Read Publication

For new homes, an all-electric home is much more economical than adopting a dual-fuel home with two space conditioning appliances. In addition, taking into account the avoided cost of an NG infrastructure cost, the economics of an all-electric home gets even better. For existing homes, the current capital costs of HPSC are only around 10-15% higher than air-conditioners (AC). So already replacing retiring NG furnace or AC with an HPSC makes economic sense. Mandating new homes to be all-electric and incentivizing homes with AC and NG furnace to switch to HPSC will help bring down the installation cost of HPSC, due to economies of scale. Greater customer adoption will require larger outreach and education to consumers, building contractors, plumbers and technicians and developing regional partnerships that set market adoption targets, standards-setting, or performance goals in heat pumps.
2018-01-10


Reports

Domestic Hot Water Energy
Read Publication
Trends in electrical consumption by air source heat pump water heaters in multi-family housing
	Case studies
	In-depth data analysis and conclusions
	Actionable recommendations


DHW Energy Use in ZNE Apartments
2017-09-12


Articles

Selma Home Energy Magazine
Read Publication
Valley View Homes is just one of many similar CBH developments. CBH’s multifamily, affordable apartment complex for farmworkers completed in 2015, Calistoga Family Apartments, recently won the 2016 PCBC Golden Nugget Judges Special Award of Excellence. The award acknowledges CBH’s dedication to, “Community Spirit or Service”. That type of recognition could be part of the reason that three more CBH farmworker housing projects qualified for a total of $9-million in USDA low-interest loans in 2016. Those three projects constitute fully one-third of the projects chosen for these loans nationwide and half of those chosen in California. Of the nine eligible projects, six are in California; and five of those are Redwood Energy projects. Sean Armstrong is very proud of that accomplishment.
More from HomeEnergy.org

Building to Mitigate Climate Change and Address Social Justice
2016-11-13


Reports

Bear River Band Rancheria Energy Sovereignty Master Plan
Read Publication
Redwood Energy conducts cutting edge research in Zero Net Energy economics.  Technological advances combined with energy efficient design have made all-electric residential design cost competitive with conventional gas-electric hybrid models.
We have also done work supporting energy sovereignty. See the attached Bear River Band Rancheria Energy Sovereignty Master Plan for a full report. The following is an abbreviated description of details in the report.
"The Energy Sovereignty Master Plan is a detailed energy audit report with recommended improvements and cost analyses for best options for mechanical equipment replacement and building shell enhancement to reduce energy consumption in all buildings on the property. The report also includes alternatives and cost analyses for energy produced on site in four scenarios with combinations of biomass, solar, wind and battery storage. The report ends with financial resources available for the development of a micro-grid and energy resources."

Another research project supporting the energy sovereignty ambitions of the Bear River Band Rancheria is a complete Building Code for New Construction, which covers everything from Site and Design to Landscaping, Building Envelope, HVAC, Plumbing, Lighting and Appliances, Health and Materials, Performance, Renewable Energy, and Education.
Check back with our site as we reveal our research findings that show the environmental and economic benefits of all-electric building designs…


2016-08-23


Articles

The Cottages at Cypress
Read Publication
Sean Armstrong and Michael Winkler of Redwood Energy, Garret McSorley of K.Boodjeh Architects, and the Danco Group housing developers teamed up to address the housing needs of this population by building $e Cottages at Cypress, a net zero energy community. $is was the team’s third 100% net zero project, but the #rst to build houses rather than apartments.


A Net Zero Energy Low-Income Senior Housing Development
2015-12-01


Case Studies

Cottages at Cypress
Read Publication
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Working for a Zero Net Energy California


Redwood Energy has led the design of more than 20,000 units of Zero Net Energy, all-electric affordable housing, and 200 all-electric market rate residences.
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