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1 Introduction

Presenter
Presentation Notes
This presentation is about “Beneficial Electrification,” and how it might be used as a framework when thinking about the best investment choices under a cap-and-invest system for the transportation sector 
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Electrification:
The use of electricity in end uses 
that would otherwise be powered 
by fossil fuels (natural gas or 
petroleum).
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Presenter
Presentation Notes
Let’s start with some background on what electrification is and why it’s important.Electrification just means – as indicated here – “applying electricity to end-uses, like water or space heating or transportation, that would otherwise be powered by fossil fuels.” 



Regulatory Assistance Project (RAP)® 6

Electrification is Already Happening

Photo credits: Nest and Dennis Schroder, NREL 

54%

Presenter
Presentation Notes
Why is electrification important?  For a number of reasons, perhaps foremost among them the fact that it is happening already!  Today, market forces are driving rapidly advancement in energy technologies!This is creating new business opportunities for utilities and others, both in load growth, new services, and customer engagement.  Bloomberg New Energy Finance, for instance, projects that electric vehicles may represent 54% of new car sales by 2040, up from 1% just one year ago!.  Others suggest it will happen even sooner.
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Electrification is Crucial for 
Sustainability

Roadmap 
2050

“Increased Electrification is Essential for Decarbonization” 

Presenter
Presentation Notes
The importance of electrification is evident in the fact that virtually every major study or roadmap to address climate change has reached the same conclusion:  [click]“Dramatically increased electrification is essential for deep decarbonization.”



Regulatory Assistance Project (RAP)®

8

So, when is electrification 
beneficial?

But…
Not all electrification is 

created equal.

Presenter
Presentation Notes
But, not all electrification is created equal… Utilities are seeing this as a huge opportunity to increase sales and reverse the trends of flat or declining load. We need advocates like you all to be making sure that electrification goes forward in a beneficial way So this begs the question: (Click)When is electrification beneficial?We consider a project or measure to represent beneficial electrification if it meets one of more of three conditions, without adversely affecting the other two:Saves consumers money over the long run;Reduces environmental impacts; andEnables better grid managementLet’s look briefly at each of these criteria.
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1. Saves 
Customers Money

Long-TermPhoto credit: Flickr 401(k) 2012

Presenter
Presentation Notes
“Saving customers money” in the context of BE means that over its life, an action results in a lower total cost to provide that energy end-use (heating, mobility, etc.) to the consumer, For example if a consumer can switch to an electric vehicle from a less efficient gasoline vehicle, they are likely to purchase more electricity and thus their electric bill will go up. But, if they can save more than that amount by not having to buy gasoline and pay for maintenance on their gasoline vehicle, then they are saving money overall in the long run. 
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2. Reduces 
Environmental 

Impacts

Presenter
Presentation Notes
“Reducing environmental impacts” in the BE context means that the emissions of the grid with the BE measure is lower (cleaner) than the emissions of the fossil fuels that are replaced to provide the consumer end-use.  In other words, we want to be charging our electric devices and using the grid when there are clean resources generating, and not when a utility will have to go out and turn on a dirty plant to serve demand. In this presentation I am mostly focusing on greenhouse gas emission reductions that can result from BE, but there are other environmental benefits that can be achieved. For example, diesel buses are significant contributors of PM 2.5 and nitrous oxides in urban settings. Particulate matter is responsible for a variety of respiratory and heart diseases.  Switching from diesel buses to electric buses reduces the amount of particulate matter in the air, which decreases the frequency of incidence of these diseases, which in turn reduces hospital costs and costs associated with work absence. These are the types of benefits that we want to make sure electrification can bring to all communities. 
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3. Enables Better 
Grid 

Management

Presenter
Presentation Notes
Third, beneficial electrification also offers the grid operator greater flexibility to better manage load, and integrate higher levels of renewable generation.This can occur if: Some or all load can be controlled by the grid operator, such as through smart chargers for EVs that can be programmed to turn on when power is abundant and cheap; Consumers can program their loads to take advantage of low cost or low emission power. 
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2 How Transportation 
Electrification Fits 

Presenter
Presentation Notes
Now I’m going to take a quick look at how transportation electrification can help further the outcomes of beneficial electrification. For most of this presentation, I’m going to be focusing on the narrow example of electric vehicles and the impact of switching from a gasoline-powered passenger car to an EV can have.  But transportation electrification is much broader than just light duty vehicles. It can take many different forms - For example, municipalities across the country are beginning to investigate how to switch public transit buses to electric. This can help bring the benefits of transportation electrification to broader populations, including those who choose not to, or cannot afford to have their own vehicle. I will come back to this briefly in a few slides.When implementing policies under cap-and-invest, states will want to look at how they can bring the benefits of electrification to various populations and communities. 
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• Internal combustion 
systems: <25% well-to-
wheels efficiency.

• Electric vehicles: ~75%  
battery-to-wheels 
efficiency.

• Charging can be 
controlled into low-cost 
and low-emission hours

13

Electric Vehicles

Presenter
Presentation Notes
Let’s talk briefly about the technology. The well-to-wheels efficiency of gasoline is poor, ICE systems only have about 25% efficiency.  The battery-to-wheels efficiency of EVs is 3 times as great.Because EVs don’t need to charge very many hours to get a full charge for the day’s driving needs, they can be controlled into low-cost and low-emission hours.  
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Electric Vehicle Energy Impact

Source: NW Energy Coalition research paper, ”Building “good load” to reduce 
carbon emissions”, 2016

Presenter
Presentation Notes
It is worth spending a little more time on the overall efficiency of electrified transportation, because many of the benefits from EVs occur due to this feature.If you take the same amount of energy (the 120 MJ of energy on the left hand side of this slide) and use it to power a vehicle as either gasoline or electricity, due to the higher efficiency of the EV you’ll be able to go much further on the same amount of energy Whereas in a gasoline car you can go 25 miles on 1 gallon of gasoline, in a comparable EV you can go 114 miles. This is a 78% reduction in energy consumption.
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So, what does that mean for 
consumers, the environment, 

and the grid?

Presenter
Presentation Notes
So what does that mean for our three BE conditions, consumers, the environment, and the grid?
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Gasoline 
Vehicle:

Assessing BE – Customer Costs

3,000 kWh / year  x  13¢ / kWh
= $390 / year

Fuel savings: $450 / year

350 gallons / year @ $2.40 / gallon
= $840 / year

EV:

Plus maintenance cost savings…

Presenter
Presentation Notes
First, let’s look at a simple calculation for a driver’s annual energy costs driving a gasoline vehicle compared to an EV. The gasoline vehicle, on average, requires about 350 gallons per year. At $2.40/gallon (which is probably a little low now), costs are $840/year. The equivalent amount of electricity to drive the same number of miles would be 3000 kWh, at the national average of $.13/kWh, is only $390/year. The fuel savings are  $450 per year. Another customer benefit of EVs is that they have much lower maintenance costs than traditional vehicles. With the federal tax credit of $7500 and the incentives that many states have, up front costs of EVs over traditional vehicles can often be paid back within a couple of years, if there are up front costs at all.  And then after that point, consumers are saving money every year. The same sorts of customer savings can be realized with electrified public transit, ride sharing, and other modes of transportation, which we will see in a couple of slides.
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Gasoline 
vehicle:

Assessing BE – Environmental Benefit 

3000 kWh charging on
100% coal = 6426 pounds CO2
100% gas =  2386 pounds CO2
And cleaner from there…

350 gallons/ year x 19.6 lbsCO2/ gallon 
= 6860 pounds CO2

EV:

Presenter
Presentation Notes
Using the same assumptions about how much gasoline and electricity the two types of vehicles would use per year, let’s look at the impacts on CO2 emissions. The conventional vehicle produces about 6800 pounds of carbon dioxide per year. The electric vehicle, when charged entirely by coal power, is a little bit better than that, but not a lot.But, if the EV is charged with 100% natural gas or cleaner, it can be a significant improvement over gasoline-powered cars. An EV charged entirely on natural gas produces a little over a third of the emissions of a conventional vehicle. Again, the same sorts of emissions benefits are achievable with other types of transportation electrification where you might be displacing diesel, which is a more carbon-intensive fuel.
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Source: https://www.eia.gov/todayinenergy/detail.php?id=31012

Presenter
Presentation Notes
I want to pause briefly on the discussion of environmental impacts. This EIA graph shows how the carbon intensity of the electric power sector has improved dramatically over the last decade compared to other energy end use sectors. This means that BE devices like EVs are getting cleaner over time as the grid gets cleaner.  It is important to remember these trends and the way the grid is changing when thinking about the impact of an investment in technology today.

https://www.eia.gov/todayinenergy/detail.php?id=31012
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Source: Acadia Center

RGGI States Are Even Further Ahead

Presenter
Presentation Notes
As all of you already know, this same trend is occurring in the RGGI region specifically, and at even more dramatic rates of reduction than the nation as a whole. This trend is important because it means that as RGGI continues to have such success with electricity sector emission reductions, electrification becomes even more beneficial from an emissions perspective.
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As the Grid Gets Cleaner, So Do Electric 
Devices

Presenter
Presentation Notes
What that means is, while fossil-fuel powered appliance, like a natural gas water heater or gasoline vehicle, will keep the same ”emissions efficiency” over time–… an EV’s or electric resistance water heater’s emissions efficiency will improve over time to become as clean, and then cleaner, than appliances using the fossil-fueled alternatives.So we think that states and regulators need to have an appreciation for these trends when they’re thinking about what policies and programs to implement today.
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Assessing BE – Better Grid Management

Avoid Home 
Charging during 

these hours

Workplace 
Charging

Presenter
Presentation Notes
Let’s shift to talking about the final condition: assessing whether electrification helps grid management. There are a number of ways that EVs could help with grid management. I’m just going to touch on one here, which is the integration of RE.On this graph, the vertical axis shows how much power generation is needed, and the horizontal axis shows the hours in a day. This is a 24 hour period, from midnight to midnight. Consider a utility load shape with lots of solar being added.  (CLICK) In the middle of the day, solar is coming onto the grid and therefore the demand from other power plants on the system dips during the middle of the day. Then, as the solar energy decreases toward the end of the afternoon and people get home from work and start turning on appliances, the system needs to ramp up to meet that peak from about 6-8pm.  That ramp (CLICK) which goes from about 12000 megawatts around 3pm to over 26000 megawatts during the evening peak is the most challenging aspect of integrating large amounts of solar for grid operators. This is a challenge that controlled EV charging can help address. Depending on the length of a person’s commute and the type of charger they use, typically an EV will need 2-8 hours per day of charging. So a vehicle that sits idle for 8 hours during the day at work, and 10-12 hours at home at night, provides considerable flexibility in the timing of charging. (Click) With workplace charging, EVs can start helping to fill in the utility’s load in the middle of the day, when the sun is shining. This helps reduce the steepness of the ramp that happens from 4-6pm. With workplace charging, that ramp could start from 18000 megawatts rather than 12000.(Click) And second, if smart charging of EVs can prevent some from charging in the early evening, it can help reduce the size of that peak and also help with the ramp. Flattening out this ramp is what will help utilities integrate more renewables
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Source: Aber, Judah, ”Electric Bus Analysis for New York City Transit,” Columbia University, May 2016.

It’s Not All About EVs

Presenter
Presentation Notes
I focused on EVs for the majority of this presentation but I wanted to make the case for policymakers to think about how electrification of public transportation could be a source of significant benefits.  This is from a Columbia U study of the impact of electrifying buses in New York City, but it is illustrative of effects we could expect in different urban areas.  (Click) When you include the costs of health impacts and the cost of carbon, electric buses are significant improvements over diesel.  In fact, as you can see, electric buses are superior to diesel buses on fuel costs, and maintenance costs as well.  The only cost barrier to electric buses is the up-front purchase price (click). If this cost can be overcome, perhaps with investments of cap-and-invest revenues, significant benefits can be achieved. This study used the social cost of carbon as a carbon price (Which is around $36/ton).  The price of allowances under a TCI cap-and-invest system might be different, so the exact height of that yellow bar may be different, but the ultimate result is similar.  Electric buses can help drive down emissions in the transportation sector in a complimentary fashion with the cap. And we can achieve significant health co-benefits. Because the transit agency would no longer need to purchase emissions allowances to cover the emissions from diesel fuel, they would be able to pass those savings on to riders through lower fares. This might be an effective solution for urban communities. There might be other strategies that are more compelling, like electrifying port infrastructure or construction vehicles.  For rural communities, something else entirely might be needed. Having community input is the key to figuring out the right solutions.  Rural solutions – check out greenlining.org [[In this study, health benefits were measured as a function of reduced costs of hospitalizations, emergency room visits, and missed work hours.]]
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• Equitable access to benefits is critical

• Each state is different

• Must distinguish from energy efficiency (EE), which is 
crucial but different

• EE goal (still important!): Use fewer kWh to do a task

• BE goal: Use less overall energy – by using more kWh

• “Emissions efficiency” matters = Total emissions emitted by 
a project vs. alternatives

Other Principles to Consider

Presenter
Presentation Notes
Before I transition to a takeaways slide I just want to highlight a few additional principles of BE that we have been thinking about at RAP. First, we need to ensure that these benefits are available to all customers. This will likely mean focusing not just on how to increase EV infrastructure for personal vehicles but also for ride and car sharing, increasing access to transit. It will also mean looking at ways to make charging infrastructure available for multi-family housing where people don’t have a dedicated indoor garage space where a charger can be installed. Each state will have different concerns when it comes to equity and will need to come up with different solutions to meet their needs. The first step to figuring out how to meet those needs is to work with communities to determine what solutions are actually practical and useful. Second, it’s important to understand that beneficial electrification is different from energy efficiency.Energy efficiency means using fewer kWh to do a task.  That’s still important because it will enable customers to save as much money as possible.Beneficial electrification means using less overall energy – across all fuel types – but often means using more kilowatt-hours of electricity.So that’s why at RAP we’ve started thinking about a new metric of “emissions efficiency” to reflect how much emissions are emitted by the project, versus alternatives, rather than focusing solely on saving kWhs.
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Takeaways

• Customers benefit from lower cost of 
transportation electrification

• Environmental improvements are 
realized

• Grid management reduces cost and 
enables more renewable energy

3

Presenter
Presentation Notes
I want to leave you with three takeaways from this before I pass this over to Jordan. If electrification of transportation is done right, you want to be assured that all customers can benefit from the lower cost of these more efficient transportation options.  This means ensuring that electric transportation options are practical and available for communities.  Second, you want to be sure that emissions reductions are achieved, and  third that grid management is done in a way that further reduces costs and can bring more renewable energy onto the grid and continue to make it cleaner as we go forward. I would submit to you that as advocates you have an important role to play in getting states to recognize the positive benefits of these conditions and to observe them as they develop their strategies for investment of cap-and-invest funds.



About RAP
The Regulatory Assistance Project (RAP)® is an independent, non-
partisan, non-governmental organization dedicated to accelerating the 
transition to a clean, reliable, and efficient energy future.

Learn more about our work at raponline.org

http://www.raponline.org/
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BE and Transportation Carbon Policy

• Two mechanisms for reducing emissions
• Cap: 

• Requires regional emissions reductions 
• Imposes a cost on emitters 
• Price signal drives long-term investment decisions

• Revenue reinvestment: 
• Allowance auctions generate revenue
• State programs reinvest revenue to achieve various goals
• Reducing demand for polluting activities 

• Question: How best to pursue emissions reductions in 
disadvantaged communities? 

Presenter
Presentation Notes
5 state + DC announcement: http://www.georgetownclimate.org/articles/five-northeast-states-and-dc-announce-they-will-work-together-to-develop-potential-market-based-policies-to-cut-greenhouse-gas-emissions-from-transportation.html Baker EO: http://www.mass.gov/governor/legislationexecorder/execorders/executive-order-no-569.html“Transportation-first carbon pricing” capitalizes on carbon pricing interest, channels into a more politically viable appraoch
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Revenue Reinvestment Priorities

CO2 Reductions

Benefits for 
Disadvantaged 
Communities

Transportation 
Improvements

• Stakeholders and policy 
makers have distinct 
interests

• Identify opportunities for 
overlapping benefits 

Presenter
Presentation Notes
5 state + DC announcement: http://www.georgetownclimate.org/articles/five-northeast-states-and-dc-announce-they-will-work-together-to-develop-potential-market-based-policies-to-cut-greenhouse-gas-emissions-from-transportation.html Baker EO: http://www.mass.gov/governor/legislationexecorder/execorders/executive-order-no-569.html“Transportation-first carbon pricing” capitalizes on carbon pricing interest, channels into a more politically viable appraoch
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Considering BE

CO2 Reductions

Benefits for 
Disadvantaged
Communities

Transportation 
Improvements

• Identify lowest cost 
opportunities for CO2 
reductions

• Reduced demand for high-
emitting electricity yields 
benefits for all

• Grid management, 
off peak charging

Presenter
Presentation Notes
5 state + DC announcement: http://www.georgetownclimate.org/articles/five-northeast-states-and-dc-announce-they-will-work-together-to-develop-potential-market-based-policies-to-cut-greenhouse-gas-emissions-from-transportation.html Baker EO: http://www.mass.gov/governor/legislationexecorder/execorders/executive-order-no-569.html“Transportation-first carbon pricing” capitalizes on carbon pricing interest, channels into a more politically viable appraoch
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From Proposal to Policy

• Stakeholder process (2018)
• Regional listening sessions

• Broad challenges
• Policy design
• Emissions target

• State-specific sessions
• Local challenges
• Reinvestment opportunities

2018
Listening 
Sessions

2019
Analysis and 
Rulemaking

2020-2022
Implementation

Presenter
Presentation Notes
5 state + DC announcement: http://www.georgetownclimate.org/articles/five-northeast-states-and-dc-announce-they-will-work-together-to-develop-potential-market-based-policies-to-cut-greenhouse-gas-emissions-from-transportation.html Baker EO: http://www.mass.gov/governor/legislationexecorder/execorders/executive-order-no-569.html“Transportation-first carbon pricing” capitalizes on carbon pricing interest, channels into a more politically viable appraoch
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Next Steps

4-5 Regional Listening Sessions

State Listening Sessions

Written Comments 

Presenter
Presentation Notes
5 state + DC announcement: http://www.georgetownclimate.org/articles/five-northeast-states-and-dc-announce-they-will-work-together-to-develop-potential-market-based-policies-to-cut-greenhouse-gas-emissions-from-transportation.html Baker EO: http://www.mass.gov/governor/legislationexecorder/execorders/executive-order-no-569.html“Transportation-first carbon pricing” capitalizes on carbon pricing interest, channels into a more politically viable appraoch
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• Customers benefit from lower cost of 
transportation electrification

• Environmental improvements are realized
• Grid management reduces cost and enables more 

renewable energy
• Beneficial electrification requires alignment of 

policies and investment

33

Key Takeaways
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