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Today we’re going to talk about the industrial sector here in the Northwest, 
specifically about standalone pumps and fans serving industrial facilities.

Energy use in the industrial sector is quite different from other end uses that we interact with every day in our homes or in the office.

We’re talking about a very diverse and energy intensive sector here, 
with many different industries and manufacturing processes, ranging from French fry factories to lumber mills.

Together, these industrial facilities make up a big sector in the Northwest. 
Its actually the second largest sector in the region, behind residential, and makes up 28% of the regional electricity use.  

And this sector is also going to be very important in helping the region meet its energy efficiency goals over the next few years. 
For BPA for example, about 80 aMW or 28.5% of Bonneville's 6-year energy efficiency target is coming from the industrial sector.

So as I present recent market trends in the industrial pumps and fan market,
I encourage you to think about what these trends mean in the context of energy efficiency,
Where do you think the market is heading towards in the NEXT few years?
And where do you see opportunities for the region’s energy efficiency industry to make an impact?

I’ll plan to wrap up the presentation a few minutes before 11 so there’s an opportunity to hear from YOU and have a discussion together. 

To make sure we get through all of the content on time, please type any questions you have in the chat box and remain muted throughout the presentation. We have our consultants from Cadeo, Nate Baker and Sarah Widder on the call with us today, who will help me answer your questions promptly.
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Within the industrial sector, pumps and fans are big energy users.

As you can see here, electric motors making up 73% of the sector's total energy consumption, (next)
And pumps and fans are the largest category within that motors end use.

So just pumps and fans ALONE consume a QUARTER of the region's total industrial energy consumption.

Because of this, our team decided to build a market model on industrial pumps and fans,
So we can study how these equipment and their energy consumption have changed over the past few years. 

Final 2021 Plan energy use values: https://nwcouncil.app.box.com/s/u0dgjxkoxoj2tttym81uka3wrjcy6bo6/file/655808922371
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And we aren’t the only ones thinking about these systems.
There has been a lot of action on the energy efficiency front in the pump, fan, and motor markets in the past few years.

From a regulatory perspective, DOE established a test procedure and energy conservation standard for commercial and industrial pumps in 2016. 
This process also produced the Pump Energy Index, or PEI, which is a metric aiming to accurately represent equipment efficiency.
Since then, the Hydraulic Institute (which represents pump manufacturers) has been using PEI and the federal standard to promote the adoption of efficient pumps.
 
On the fans side, AMCA, the Air Movement and Control Association, also established a similar metric called the Fan Energy Index (or FEI), to better capture equipment efficiency for fans.
 
These metrics are used in the Northwest too: they are used by NEEA to promote efficient equipment and also used by the RTF to estimate savings in the RTF's pump and fan UES measures. 
 
All of this is to say that the pump and fan markets have begun in recent years to recognize the value of energy efficiency, 
Which is really great news to us, because it makes this point in time a very exciting time to work on getting these equipment to save energy.
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So a lot of the efforts that I just mentioned focused on improving the efficiency of the pump and fan equipment, which gives you about 1-5% savings.
Similarly, motor efficiency improvements gives you about the same level of savings.  

Note: The equipment and motor efficiency savings values characterize the average energy savings from going from one efficiency tier to a higher efficiency tier, relative to the market average efficiency (from DOEs regulatory impact analyses for these equipment completed during the previous rulemakings [pumps).

Those efficiency improvements are great and very important. In addition to those, when you add an adjustable speed drive to control these equipment, you can further save a significant amount of energy for these equipment.
What we mean by ASDs is any form of electronic control that allows a motor to operate at different speeds. 
And the majority of ASDs are variable frequency drives (VFD) and variable speed drives (VSD), which you may be more used to hearing.
With ASDs, you can much better control the motor's speed to better serve the pump or the fan, thus significantly decreasing energy consumption.
 
In addition to saving energy, ASDs also have other non-energy benefits that make them attractive to industrial facilities. 
For example, they help with process control, 
and they also serve as a digital access point to analog machines, so are critical in the adoption of the industrial internet of things (IIoT).

https://www.nema.org/docs/default-source/motor-and-generator-guides-and-resources-library/power-drive-systems-energy-savings-and-non-energy-benefits-in-constant-and-variable-load-applications.pdf
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Our team built a market model to quantitatively measure ASD adoption in the region 
and how much savings ASDs have brought to the region’s industrial sector in the past 6 years.
 
We surveyed and collected the most accurate and up-to-date data that exists out there to use as inputs to our model.
We first estimate the region's total motor HP stock of industrial pumps and fans and how that changed over time.
We then used region-specific market data to inform how the saturation of ASDs in the region has changed over time.
Finally, we developed a granular methodology to estimate energy consumption of individual pieces of equipment,
And all of that combined gave us quantitative estimates of the region's annual industrial pump and fan energy consumption from 2016 to 2021.
 
You see “Expert Review” on the slide here. Throughout the entire process of model development, we worked with a panel of industry experts and stakeholders to review and vet all of our model inputs, methods, and results. 
This panel included experts in the region and across the country, including representatives from the Council and NEEA as well as from organizations like the Hydraulic Institute and NEMA.
And I want to give special thanks to everyone on the panel who advised us throughout this entire process. 

Because of their direct industry experience, they not only provided feedback that helped us make our model more robust, 
They also provided observations about the market that corroborated our model results, which we will sprinkle throughout this presentation.
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What did we learn about the market? In this section I will first go over high-level insights on the industrial pump and fan motor stock and energy consumption, then we’ll move on to adjustable speed drives, the energy savings these drives brought to the region, and more specifics about where these drives are being installed.

A note to those might have joined later: we are recording this presentation, so the content can be posted on our website later.
Please mute your audio throughout the presentation, and if you have any questions, please type them in the chat and we will make sure to answer them promptly. 
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First, the stock of pump and fans looks pretty much like you would expect, 
the blue line on this chart shows a slow growth in total motor HP over the past 6 years, which is in line with the growth of the region's industrial gross output in that same period.
 
We see a slight decline in 2020 and 2021, but that isn’t unexpected given the global pandemic.
The supply chain issues we all experienced in the past two years meant that goods couldn’t get from production to the consumer,
so production itself had to slow down as well.
We saw that industries like refineries and transportation showed large decreases in production. 
But interestingly, a couple industries like electronics actually grew in the past two years.
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One interesting finding specific to pumps is that the average pump size has increased from about 30 motor HP in 2015 to 37 motor HP in 2021. 

This is a pretty significant change… whereas the average industrial fan size has remained the same throughout this time period, at round 17-18 HP.

The reason the average pump size has increased is because industries with larger motors (like chemical and refinery) are growing faster in the region than other industries like miscellaneous manufacturing and fabricated metal.
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While the stock of motor HP grew pretty consistently over the analysis period (as you see in the dotted line), the energy that those motor HP consumed did not follow that same trend.

The energy consumption, which is the blue area shown here, actually remained FLAT.

So while the motor HP increased by about 4% in 2021 compared to 2015
energy consumption actually decreased by about 2%. 

So even though there’s more motors in the stock consuming energy, the amount of energy they’re consuming has not increased.
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Combining these two juxtaposing trends meant that the average per-HP energy consumption has decreased over the past 6 years.

You can see that decrease across pumps and fans in these blue bars, 
and the red and green data labels show more specifically how much that per-unit energy consumption decreased in pumps vs. fans.

Improvements in pump, fan and motor efficiency all contributed to this decrease…

But the major driver in this decrease is the accelerated adoption of ASDs in the region.
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So, what's happening with ASDs?
 
The saturation of ASDs, which is the percent of the pump and fan motor HP stock equipped with ASDs, is increasing.
This chart is actually showing ASD saturation across the country, the red diamonds for pumps and the green diamonds for fans. 
It tells us that the national ASD saturation for both pumps and fans increased by about 10 percentage points from 2015 to 2021. 

Compared to the nation, ASD saturation in the Northwest is not only higher and also growing faster. (next) 

Now the chart is showing ASD saturation specific to the Northwest region.
As you can see with the trajectory of the green circles, the region’s ASD saturation for fans is just slightly higher than the nation, and growing at a pretty similar pace as well. 

But for pumps, we see a much bigger difference in the Northwest versus the country.
Not only do we see higher ASD saturation at the beginning of this timeframe, we also see that it's growing at a faster pace, from about 40% in 2015 to just shy of 60% in 2021.   
 
These differences in ASD saturation are pretty striking, but they align with what we have been hearing from market actors and experts in the field. 
So we heard consistently that the Northwest has higher adoption rates of ASDs,
And experts noted that utility programs promoting ASDs in the region is a key reason for the healthy ASD adoption that we see here.

Skip:
We also asked industry experts to comment on the higher pump ASD saturation relative to fans, 
and they said that one of the reasons why that happened might relate to the payback on ASD installations:
It often takes more resources to monitor, install, and confirm savings on fan systems as they are typically in harder to reach places and don’t have pre-existing metering equipment. 
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That ASD adoption has had a direct impact on energy consumption, and is one of the driving reasons why the region’s industrial pump and fan energy consumption has not increased in the past 6 years. 
 
We wanted to isolate ASD's impact on energy consumption to estimate savings, so we modeled what the energy consumption would have looked like if that increase in ASD adoption hadn’t occurred. 
The way we did that was we built a baseline case where we assumed that the ASD saturation from 2016 to 2021 remains fixed at what it was in 2015.
 
This chart compares the actual energy consumption (the area in the blue) vs. the baseline energy consumption (the area up to the green), 
and that difference between the two areas represents savings that occurred in the region directly attributed to ASDs.

So the increase in ASD adoption from 2016 to 2021 has resulted in 27.6 aMW of energy savings in total. 

Putting that number in a more digestible form, that’s equivalent of the annual energy consumption of about 20k Northwest homes. 
That’s a LOT of savings! Yay!

Sources: 
Northwest Homes: - annual energy consumption of 20,000 Northwest homes file:///\\HQ5F01.bud.bpa.gov\ESB\Planning\Momentum%20Savings\Communications\EE%20Calculator%20from%20Dave\EE%20Calculator%20Conversions_May2020.xlsx
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Now let’s shift gears a little bit from ASD savings, 
and dive deeper into WHERE those ASDs have been getting installed in the region. 

Reminder and a note to those might have joined later: we are recording this presentation so the content can be posted on our website later.
And thanks you all for making sure you’re muted to avoid background noise, and for typing your questions in the chat. 

Ok, so what kinds of equipment are getting ASDs?
We saw two big installation trends. 
 
First, we saw that ASDs were concentrated in variable load systems, or systems where the pump or the fan is trying to meet a more fluctuating load.
And second, we saw ASDs primarily installed on system with larger motors.
 
The market experts we spoke with said these trends made sense if you think about the amount of energy that you could save with variable load and larger systems. 
 
Looking at load variability, the more fluctuation there is in the system’s operating point, the more the ASD can do to help efficiently match that load. 
Of course, you still save energy by adding ASDs to constant load systems to match a less fluctuating load or to right size the equipment, BUT the energy saved is just not as much as for variable load systems.

And the reason why ASDs are more often installed on larger equipment is again tied to savings. On a per-equipment basis, the larger the motor, the more absolute savings you get per ASD. 
And while the cost of an ASD increases as the motor size increases, it is not a proportional increase, so you are most likely getting a faster payback period on larger equipment. 

Percent Variable Load, 2021
Fans
Total Stock – 61%
ASD equipped Stock – 93% 
Pumps
Total Stock – 49% 
ASD equipped Stock – 65%

Average Motor Size, 2021
Fans
Total Stock – 17 HP
ASD equipped Stock – 21 HP
Pumps
Total Stock – 37 HP
ASD equipped Stock – 43 HP
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Interestingly, while the majority of ASDs are installed on variable load systems, we are starting to see an increase in ASDs on constant load pumps. 
 
If you remember earlier we showed that pump ASD saturation increased quite a bit over the past few years, reaching almost 60% of the pump motor stock.
Reaching this kind of saturation in the market means that not only are tons of variable load pumps getting ASDs, so are an increasing number of constant load pumps. 

From our interviews with market actors, we identified a few observations that may support this trend:
The cost of ASDs has decreased over the past decade, meaning that systems with smaller energy savings (such as constant load applications) are able to more easily justify the cost of getting an ASD.
Second, facilities are more and more familiar and comfortable with this technology, so they might be more likely to apply ASDs to a broader portion of their equipment.
Third, facilities are recognizing the non-energy benefits that an ASD brings to a system like process control, which is not related to load variability.

All of these trends may be driving us to see more ASDs on less variable load equipment.

SKIP: We were also surprised about the fact that we weren’t seeing this trend in Fans. We reached out to some individuals experienced in pump and fan ASD installation, and identified a couple reasons why.
ASD saturation is much lower in fans, and there is still a lot of remaining variable load potential. 
Fan ASD installations are often times a lot more resource intensive, with fewer systems having pre-existing metering equipment, or requiring a lift to access the equipment. This means the payback period for those ASD installations can be a lot longer.
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Ok, shifting gears again, what about different industrial facility types … and what KINDS of facility types are installing ASDs?
 
Our model segments the industrial sector into 11 different facility types, and we found that ASDs are not equally distributed across facility types. 
We saw that for pumps, the 5 facility types highlighted in red here, so Chemical, Fabricated Metal, Food, Electronics, and the Miscellaneous Manufacturing facility types, have the highest ASD saturation as of 2021.
These five facility types are also where we saw the fastest growth in ASDs over the past few years.

SKIP: From 12:00 icons (clockwise): Food, Computer & electronics, Miscellaneous, Wood products, Paper, Warehousing, Transportation Equipment, Refinery, Primary Metals, Chemical, Fabricated Metal
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For FANS, we see most of those same facility types as having the highest and fastest growing ASD saturation as well.
And it looks like Transportation also made it in the top five highlighted here for fans.
 
There could be many reasons why these industries are doing better than the rest,
One reason could be whether the industry has a strong need for process control. 
For example, some industries like Chemical have very precise requirements around the process, and ASDs help ensure those requirements are met. 
Another reason could be whether the industry has a technical focus: 
industries like Computer and Electronics can be generally more aware of the ASD technology, and thus adopting more.
 
And of course, these differences in ASD saturation may also be driven by where utilities have targeted their program investments.
 
So, to explore that further, in the next few slides, we're going to look at region’s ASD PROGRAM activity over the past few years… 
Whereas up until this point we've been looking at the entire industrial pump and fan market.

SKIP: From 12:00 icons (clockwise): Food, Computer & electronics, Miscellaneous, Wood products, Paper, Warehousing, Transportation Equipment, Refinery, Primary Metals, Chemical, Fabricated Metal
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The region's energy efficiency programs have promoted ASDs for a long time. 
ASDs were recognized as a measure in both the 6th and 7th Power Plans. 
And of course they are also part of the 2021 Power Plan.

We did an extensive review of regional program data and interviewed several utilities.
And we learned that ASDs on industrial pumps and fans are almost exclusively incented through CUSTOM programs.

These custom programs go deep—just like this cave explorer shown on the slide—they go deep to understand each industrial facility and its systems and their operational characteristics… they do that so that they can maximize the energy savings for industrial facilities.

Since custom projects collect a lot of rich data, we were able to analyze data from about 150 BPA industrial pump and fan projects that included ASDs, and saw that savings from adding ASDs to variable load systems have consistently delivered about 2,000 kWh/motor HP.

This means that while there will always be outliers (for example pumps that operate only 30 minutes a year or fans that never shut off), 
Setting aside those outliers, we can pretty much expect to save around 2,000 kWh/HP from installing ASDs on industrial pumps and fans. 
It was pretty exciting for us to see such strong central tendency in these per-HP savings.

Note: All project have the verification method identified, and they included metering, energy modeling, energy use indexing, or "Engineering calculations with verification"


Chemical .
Custom

programs also

concentrate in . .
certain facility

typeS . .Wood
®q @

Miscellaneous

18


Presenter
Presentation Notes
Another insight we got from program data is… we saw that program activity concentrate in even fewer facility types than the market overall. 

For fans, more than 90% of the total fan motor HP incented by utilities to install ASDs are in either Chemical, Food, Miscellaneous Manufacturing or Wood.

Not surprisingly, these facility types are also where we saw the highest ASD saturation in the market. This means that program investments have great influence on the market adoption of ASDs.

From 12:00 icons (clockwise): Food, Computer & electronics, Miscellaneous, Wood products, Paper, Warehousing, Transportation Equipment, Refinery, Primary Metals, Chemical, Fabricated Metal
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For pumps, we see Chemical, Food, and Miscellaneous show up again as having the most program-incented ASDs.
We also see Paper added in here for pumps.
And together, these four facility types received almost all of the program incentives for ASDs on pumps.
 
And programs don’t just influence the market through direct financial incentives, they also provide staff engagement and education around ASDs, which helps create an environment where the industry itself recognizes the benefit of ASDs.
and is able to adopt ASDs on its own. 

From 12:00 icons (clockwise): Food, Computer & electronics, Miscellaneous, Wood products, Paper, Warehousing, Transportation Equipment, Refinery, Primary Metals, Chemical, Fabricated Metal
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We also saw that programs are driving some of the trends we see in the overall market, where ASDs are installed in more larger and more variable-load systems. 
The reason is SIMPLE, and that’s because custom programs target the highest energy savings opportunities. 
 
To illustrate this point with data, 
We saw that programs incented about a fifth of the pump and fan motor HP that installed ASDs in the past 6 years.
But those incented motor HP actually produced a much larger portion of energy savings… (next) so actually close to a third of regional ASD savings come from programs. 

Percent Variable Load (program activity):
Fans
97%
Pumps
100%

Average Motor Size  (program activity)
Fans
41.6
Pumps
140.5!
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So, I’ve just shared with you all the key insights we have in the industrial pump, fan, and drive markets over the past six years… 

Now let's spend the last section of the presentation to talk about where we GO from here. And what’s left in the market.
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There is still a lot of remaining potential for ASDs.

The model shows that 57% of the region’s industrial fan motor HP stock are not equipped with ASDs. That is almost 700k motor HP as of 2021. 

For pumps, that value is lower but it's still significant… about 500k pump motor HP in the region are still not equipped with ASDs.
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If we zoom in on the portion of that motor stock without ASDs,
there's potential for variable load systems to install ASDs…
but what we SEE here is the majority of the remaining potential is in CONSTANT LOAD systems. 

For example, for fans on the left here, we see that 63% of fan motor HP without ASDs is constant load. 71% for pumps.

Now these graphs are showing the remaining potential in terms of motor HP, and how many motor HP do not have ASDs. 
From an energy savings or aMW perspective, if you imagine a hypothetical world where all of the region’s industrial pumps and fans have ASDs… 
That’s could give us more than 100 aMW of savings potential (115 aMW), so there’s plenty of opportunities left in this market. (this is rough estimate using our model).

And constant load systems hold about a third of that remaining aMW potential.
This is because ASDs on constant load systems achieve less savings than variable load systems… 
But looking ahead, what would be interesting for the region to think about is HOW we can put ASDs on those harder-to-reach, smaller-savings systems.

Skip: NEEA's XMP Program has just started working with drives on small industrial pumps (50 HP or less) and 89% of custom programs occur above 100 motor HP. This leaves an identifiable gap (around 50-100HP) that could be targeted through deemed programs.
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The last piece of data I'll leave with you is which facility types have the most remaining potential for ASDs.
 
The majority of the region’s industrial pump and fan motor HP without ASDs fall into a handful of facility types, such as Wood, Primary Metal, Paper, Warehousing and Refinery.

Of those 5, programs are already really active in wood and paper. 
And we believe that as long as the region continues to offer custom programs, these motor-intensive industries will continue to be encouraged to adopt ASDs.
 
Primary Metal, Warehousing, and Refinery are facility types where an increase in program engagement could potentially be very impactful. 
Now, I'm sure there are existing challenges in implementing programs in these facility types, 
but as far as what the data can tell us, we see that these are the lagging facility types where more influence from programs might really help boost ASD awareness and adoption.

Looking into the future, with the industrial sector being a big part of our energy efficiency goals in the next 6 years, 
I think promoting ASDs will be very critical to achieve those energy efficiency goals.

And we’re on a good path to get there! 

In addition to the region’s existing custom programs, there’s several other channels that will continue to promote ASDs in the region.
NEEA’s XMP Initiative focuses on the adoption of pumps with integrated ASDs, and they are in the process of developing a program around efficient fans. 
They are also looking at opportunities to promote retrofit drives
In addition, as most of you probably know, the RTF has planning measures for ASDs on small pumps, fans, and ASDs.
And all of the information our team has collected and analyzed through this market modeling work can be used by the RTF to potentially expand its measure sets… and enable utilities to implement more ASD measures.
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Zooming out from the region and the utility program perspective,
there’s also several exciting activities on the horizon nationally and globally that’s going to help put more ASDs on pumps and fans.
NEMA, the motor industry organization, worked with NEEA and published the Power Index, or PI. This metric accounts for both component efficiency and input-power. 
And will REALLY help communicate the impact an ASD can have. And I courage you to read more and talk to NEEA about this.  (Because ASDs decrease the power draw at lower operating points but don’t necessarily impact component efficiency)
More nationally, the US Congress’s recently passed infrastructure bill included $10 million dollars to increase the adoption of ASDs in commercial and industrial facilities. 
On the global scale, European regulatory organizations are including ASD control as part of energy conservation standards, and accounting for part load efficiency has been a focus of motor regulators for a long time. 

All of this is to say, we’re not alone in this! And with our region’s proven ability to collaborate with each other to promote energy efficiency, I am very confident we will continue to see innovations and advancements to get more ASDs in the field.

Notes:
Seventh Plan Achievable Potential, by sector: https://www.nwcouncil.org/sites/default/files/7thplanfinal_chap03_resstrategy_3.pdf, Figure 3-5
2021 Plan Achievable Potential: https://www.nwcouncil.org/fs/17680/2021powerplan_2022-3.pdf, Page 63. 
In total, the Industrial Tech Achievable Potential in 2035 from the 7P is about 600 aMW and the Tech Industrial Achievable Potential in 2041 from the 2021P is about 750 aMW (20-year span in both cases).
Power Index: https://neea.org/news/new-national-power-index-helps-standardize-industrial-energy-savings#:~:text=NEMA%20and%20the%20Northwest%20Energy,equipment%20speed%20with%20a%20PDS.
Infrastructure bill 
Infrastructure bill:In accordance with section 1005 of the Energy Act of 2020 (42 U.S.C. 6317 note; Pub. L. 116-260, div. Z) and section 40555 of the Infrastructure Investment and Jobs Act (Pub. L. No. 117-58),
European Regulation: “Trends in energy efficiency standards and regulations for electric drive systems”;  Savvas Tsotoulidis*, Benno Weis, Susanne Gaksch, EEMODS 2022 
Details on Infrastructure Bill: DOE issued (and requested feedback) on guidance for implementing the distribution of these funds. This was essentially a draft RFP for implementation support that they wanted feedback on. NEEA, along with manufacturers and industry associations provided feedback and input to DOE on how to make the program as impactful as possible. The region’s ability to “tap into” these funds is defined by when and how DOE decides to implement the program (something that NEEA is keeping a close eye on). The bill language is pretty prescriptive, and may (it isn’t clear) limit the methods for implementation to down-stream program incentivization.
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Where does the research go from here?
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I want to touch briefly on future research before we wrap up. 

What we learned from modeling the industrial pump and fan market is that we need more information… both on the pump and fan market AND on the industrial sector as a whole. 
Load Profile:
We learned that pump and fan load profiles are the biggest driver of uncertainty in the model. 
Meaning, they are important drivers of energy consumption and more research into pump and fan load profiles would help refine our energy consumption estimates 
and improve our understanding of ASD energy savings
This is something the RTF’s VFD research strategy also flagged as a important area to research.
ASD Saturation: 
Research into ASD saturation will improve our understanding of ASD adoption, and make sure we are up to date on how ASD adoption is changing over time. 
As we noted in this presentation, where ASDs are being installed is changing over time, which means the impact of ASDs may differ by application, and research into ASD saturation at a more granular level will help us more accurately characterize that impact.
Motor Stock Assessment
Research that characterizes the industrial sector as a whole, and perhaps with a focus on the motor end use, will improve our understanding of the pump and fan stock, as well as other motor applications with energy savings potential. 
If you remember back to the beginning of this presentation, pumps and fans only represent 30% of the energy consumed by industrial motors; there are other motor-driven end uses like compressors or material processing that have the potential to save with ASDs. 
A more updated motor stock assessment will help us understand motor energy consumption in those end-uses as well.

These research objectives are things that I believe together with NEEA and different utilities in the region, we can make a large impact.

With just a few minutes left, I’d like to open it up for discussion and invite you all to unmute your mics if you’d like and share any ideas you have for future research, or your reaction to this presentation overall.
And where do you see opportunities for your utility to make an impact related to pumps, fans and ASDs?



For more information, visit

https://www.bpa.gov/energy-and-services/efficiency/market-research-and-momentum-
savings/adjustable-speed-drives-market-research

uestions? Contact :
Q Bonneville

POWER ADMINISTRATION

Joan Wang
jjiwang@bpa.gov
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We’re at time.

With that, I want to thank you all for attending this presentation, I hope it leaves you excited about motors and drives, and eager to check out our more detailed model report and results on our website. 

And if you have any more questions, please don’t hesitate to email me at the address shown here on the slide.
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