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Welcome
Name

Organization

Favorite summer activity

Presenter
Presentation Notes
BONNIERole Call – read through attendee namesQuick Ice Breaker today, since we are in the heart of the “Dog Days of Summer” please share your favorite summer activity. 



Controls Market
Characterization 
Research Findings

Juan Carlos Blacker
Market Research Project Lead

Presenter
Presentation Notes
Welcome and introductionsHello and good morning.  For those of you who don’t know me, I am Juan Carlos Blacker, a Research Project Lead in the Market Research and Momentum Savings team here at Bonneville and I focus primarily on the non-residential lighting and commercial HVAC markets. My research team and I recently concluded a market characterization study focused on control systems for non-residential lighting and commercial HVAC applications. Today, I will share insights from this research and discuss what the BPA Momentum Savings Market Research team has planned for the controls market in our research moving forward. Before we get started on this presentation I first want to thank Kate Donaldson, from the Cadeo Group, for her help on this presentation. I would also like to thank the full Cadeo research team, who were instrumental in conducting the research for this study. 
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Why Controls?

Presenter
Presentation Notes
So, why controls?



55

Controls (might) 
have potential
› High regional interest

› Savings opportunities

› Under-characterized market

?

?

?

Presenter
Presentation Notes
As many of you know,  Bonneville builds market models for a variety of residential, commercial, and industrial markets.  Our model research provide valuable insight to assist in the development and design of incentive programs, quantify Momentum Savings and inform BPA power planning. Until now, these our models did not include controls technologies and we needed to determine if controls have a significant enough impact to include them moving forward. So, beginning in 2022 and ending earlier this year, we conducted this research to determine the feasibility of including controls in the non-residential lighting and commercial HVAC models. We did this because:There is significant interest in both HVAC and lighting controls from a technology perspective. There is also a need to better understand the savings opportunities from controls. And third, despite all this interest, there is surprisingly little data about how prevalent different control strategies are used in the market and how much energy they save.This market characterization study was our way to look at actual data and current practice on controls and not rely on a crystal ball. So what controls did we look at??
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We investigated 
a variety of 
lighting 
controls…

Occupancy sensing

Daylight harvesting

Timeclock/scheduling

High-end trim

Stand-alone installation

Luminaire level 
lighting controls

Networked 
lighting controls

Presenter
Presentation Notes
For lighting controls, we were interested in both lighting control strategies and the ways these strategies operate in both interior and exterior spaces. Looking at controls strategies, we were interested in occupancy and motion sensing, daylight harvesting and photocells, time clock and scheduling functions, and high-end trim, and we looked at these strategies in three installation contexts: stand-alone controls, Luminaire level lighting controls (or LLLC), and networked lighting control (or NLC). Definitions of Lighting Controls installations if needed: Stand-alone controls: non-networked systems; Luminaire level lighting controls (or LLLC): system where a control sensor is embedded in each individual fixture Networked lighting controls (or NLC): system where one sensor communicates to a load controller to control a group of fixtures.Note:  high-end trim is a feature of both LLLC and NLC systems.
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… and HVAC 
controls

Scheduling/setback

Optimal start/stop
Auxiliary heat lockout

Compressor lockout

Economizers Supply air temperatures 
(SAT) reset

Increased deadband

Variable air volume 
box minimums

Heat recovery

Presenter
Presentation Notes
For HVAC controls, we defined controls strategies as user-adjustable sequences that alter the way the HVAC system operates.  Many HVAC systems and equipment have integrated safeties (such as timed lockouts and start-up sequences) that are required for operation. These safeties are not adjustable by end users, so we did not consider them in our study. The controls strategies we did look at include those listed on this slide; We investigated optimal start/stop settings, supply air temperature reset, several lockout functions and demand control ventilation, to name a few. Are there any questions on what control systems and strategies we looked at, or what any of these mean? Definitions of HVAC control sequences, if needed:Scheduling / Setback: Scheduling is the straightforward process of turning HVAC equipment on/off based on times of day when the space is occupied. Setback refers to the temperature setpoints during unoccupied periods, allowing for the heating/cooling setpoint to be lower/higher, respectively, during unoccupied periods. Optimal Start: This control adjusts or delays the startup of HVAC equipment but still meets setpoint at occupancy.Optimal Stop: Similarly, HVAC shut-down will be initiated as early as possible and allow the space temperature to “coast.”  Both Optimal Start and Stop can be adjusted based on outside air temperature and learning algorithms.Auxiliary heat lockout: Turns a heating element (usually electric resistance) in a heat pump off when outdoor air temperature goes above a certain set point. This ensures that the auxiliary heating will only be used when the heat pump is unable to meet heating demand using the more-efficient DX heating.Compressor lockout: Locks out the compressor in a heat pump from operating if the outdoor air temp is below a certain temperature. This ensures that the compressor will only operate when conditions are appropriate for proper functionality of the heat pump.Economizers: An airside economizer is a duct and damper arrangement with a controls system that enables the HVAC system to use outdoor air to meeting cooling loads. Economizers reduces air conditioning costs by using outside air for free-cooling, resulting in lower compressor runtimes and less cooling energy consumption. Supply Air Temperature Reset: Control scheme which allows an airside system to modulate the supply air temperature based on demand. Demand might be determined by a poll of how much VAV boxes are open or based on outside air temperature. In cooling mode, as the demand increases, colder air will be supplied to the space and vice versa.Demand control ventilation (DCV), also called demand-based ventilation (DBV): A ventilation system capability that provides for the automatic reduction of outdoor air intake below design rates when the actual occupancy of spaces served by the system is less than design occupancy. Typically uses a CO2 sensor to determine the need for more/less ventilation.Duct static pressure reset: Control strategy to help minimize fan energy in VAV systems. Similar to supply air temperature reset, but the static pressure in the duct system is the variable being reset as opposed to temperature. Heat recovery- air side: Method of reducing heating and cooling demands in an HVAC system by exchanging energy emitted from a space to pre-heat/pre-cool fresh air. Heat recovery- refrigerant side: For VRF systems, heat recovery is an added functionality which allows the VRF system to simultaneously provide heating and cooling in different zones. Excess heat can be moved from a zone in cooling mode and reused in a different zone which is in heating mode.Variable Air Volume box minimums: Traditionally, VAV box minimums have been set to 30% of design. Properly calculating the minimum amount of flow to provide for ventilation can decrease the amount of supply air provided, which allows for less conditioned air and also a lower VFD speed.Increased deadband: Traditional deadband might allow a setpoint to vary +/- 2°F. By allowing the temperature to "swing" more, less space conditioning is required. This strategy may decrease occupant comfort.
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We also 
investigated 
whole-building 
controls

?

Presenter
Presentation Notes
We also investigated whole-building controls, which include integrated controls system that monitor and manage multiple building systems. Whole Building controls  combined HVAC and lighting controls strategies, energy management systems, and other whole building approaches. [CLICK-ANIMATION]
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We also 
investigated 
whole-building 
controls
Still 
uncommon

Presenter
Presentation Notes
Unfortunately, we determined that that market is currently very small and this level of integrated multisystem controls are, still uncommon,  only occurring in specific niches in the market (for example, at multi-building campuses, like Amazon or Google). Therefore, we did determined that there was not enough available data or market uptake to warrant continuing research into the whole building controls market at this time. 
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Methodology
      & 
Findings

Presenter
Presentation Notes
Now that I have shown you what controls systems we were looking at, lets move into the methodology and findings from this research.  We pursued our investigation of controls through two main activities: First, we did an thorough review of available regional data on controls use and savings; and Second, we conducted extensive interviews with experts and market actors within the controls industry.
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We reviewed available regional data

stock & flow data, 
savings potential & 

persistence

2021 Power Plan 
supply curves & load 

forecast

regional program 
incentives & savings data

Presenter
Presentation Notes
Our data review revolved around three primary areas of interest.  1) Available stock and flow data, 2) the 2021 Power Plan documentation and 3) regional utility program incentive and savings data. Because both models need to leverage the best available data, understanding what data currently exists, and what gaps are present in that data, was crucial to answering the question of modeling feasibility.For available stock and flow data, we looked at sales, installation, and energy savings potential. We also looked to see what data there was on use and persistence of savings. [CLICK-ANIMATION]
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We reviewed available regional data

stock & flow data, 
savings potential & 

persistence

2021 Power Plan 
supply curves & load 

forecast

regional program 
incentives & savings data

available 
but 

limited

Presenter
Presentation Notes
What we found is that regional stock data sources, like NEEA’s CBSA, and sales data sources, like BPA’s non-residential lighting data and HVAC permit data collection efforts,  are limited in their ability to identify the presence of controls systems and how they are operating or what controls systems are actually enabled. While there is ample available data on the savings potential of controls, very little is published either on actual energy savings (i.e. how the system is actually operating) or on the persistence of these energy savings (i.e. if savings increase or decrease over time). Even code compliance studies have very little detail on controls. We THEN reviewed the 2021 Power Plan documentation, including load forecast and supply curve workbooks, to determine if and how the Plan accounts for non-residential lighting and commercial HVAC controls. [CLICK-ANIMATION]
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We reviewed available regional data

stock & flow data, 
savings potential & 

persistence

2021 Power Plan 
supply curves & load 

forecast

regional program 
incentives & savings data

available 
but 

limited

inclusion is 
justified and 
potential is 
in retrofits

Presenter
Presentation Notes
We were able to confirm that controls are an area of high interest and that the region does consider that controls has future savings potential. We concluded that there are no technical barriers, justifying their inclusion in both of the market models.  It is worth noting that the savings opportunities for controls in the 2021 Plan are largely concentrated on retrofit projects, as it assumes that new construction will already include controls due to regional code requirements. Finally, we reviewed available regional program data to determine how these programs calculate and report their savings.  [CLICK-ANIMATION]
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We reviewed available regional data

stock & flow data, 
savings potential & 

persistence

2021 Power Plan 
supply curves & load 

forecast

regional program 
incentives & savings data

Available 
but 

limited

inclusion is 
justified and 
potential is 
in retrofits

considerable 
variation and 

lack of 
granularity

Presenter
Presentation Notes
The first thing we noticed was the considerable variation in the reporting of controls activity and savings. In many cases the inclusion of controls in a report is unclear.  When we can identify controls in a project report, we often cannot parse out the energy savings of controls from the savings attributed to other equipment.  These gaps impact the precision at which we can characterize program savings from controls in the models. Increased clarity and consistency around reporting controls presence and savings would improve our ability to accurately model controls activity and savings.
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We interviewed 
50+ market actors

Manufacturer 
Reps and 
Distributors

8 Lighting
5 HVAC

Controls 
Installers or 
Contractors

7 Lighting 
9 HVAC

Commissioning 
Agents

6 Lighting
6 HVAC

Facilities 
Managers

1 Lighting
2 HVAC

ESCOs

5 Lighting
4 HVAC

Presenter
Presentation Notes
As we were reviewing available data, we also conducted over 50 market actor interviews to answer these questions: What do the controls-specific supply chains look like for each market? And who are the relevant actors are, and what types of records do they keep about controls installation and operation on projects? We also wanted to learn what market trends can be observed about controls from speaking to key actors and what insights they had into where and how often controls are being installed and what barriers exist to the adoption of control systems.To broaden our scope of understanding, we conducted these interviews across the five market actor types listed here. Including… [name the actor types]So what did we learn…Market Actor Types Descriptions, if needed: Manufacturer reps and distributors: they specify and often design the equipment and controls systems. For the HVAC market, manufacturer reps can also act as installers.Controls Installers or Contractors: they have visibility into how controls equipment is actually installed and operating.Commissioning and Retro-commissioning agents: they interact with the system after installation and can provide insight into how well controls strategies are configured and operating.Facilities managers: primary user, interacts with the system.ESCO: they work with end-use customers to plan and implement energy savings projects and, therefore, have insight into the design, installation, and operation of controls systems.
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Controls 
activity is 
not well 
documented.
Market actors keep 
inconsistent records and 
sometimes keep none.

?

?
?

?

?

Presenter
Presentation Notes
From the lighting interviews, we first found that Market Actors keep unreliable records. There is NO consistent format for records, and for records that do exist, they are not stored in a consistent manner or location. For example, we heard that some installers provide the manufacturer reps with drawings of the building and controls as installed at the end of a project, but this is not always the case. And, even in instances where it is the case, manufacturer reps and installers did not always keep these records. As a result of this lack of consistency and maintenance of controls records on installation or use, we resolved that there is likely NO opportunity to collect controls data from the controls supply chain market actors.
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Code 
requirements 
drive controls 
activity.
Most market actors install 
controls exclusively to meet 
code requirements.

Daylighting

Occupancy

Presenter
Presentation Notes
We also heard from most of our lighting market actors that code drives controls activity. They agreed that code determines if both a project will include controls , AND what control strategies are selected. For new construction projects, some of our interviewees went so far as to insist that they exclusively install controls when it is required to meet code, and they only install those control strategies that are code required, such as daylighting and occupancy sensing.  Market actors reported very little uptake of controls types above code unless they were specifically requested by the customer, which is still somewhat rare. The types of projects that exceed code are large, often campus style projects where a full energy management strategy is employed.
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Controls are 
rarely installed in 
retrofit projects.

$

✔ ×

Presenter
Presentation Notes
Although all new construction projects include lighting controls because of code requirements, this is not true for some lighting retrofit projects, as they are not required to meet code. We thought that is could present an opportunity for controls installation outside of code and thus increased savings. However, when we asked our market actors about retrofit projects, they admitted that controls are rarely added to retrofit project scopes. Since there was no code requirement there was incentive to drive the inclusion of controls. Projects that do not have code requirements are typically small—under 10,000 square feet—or include simple one-to-one lamp replacement—not a full lighting system replacement. In these small or simple replacement projects, a high first cost is the primary reason to not include controls. For larger or more complex retrofits, controls may be included at a slightly higher rate depending on the customer and project needs.One thing to note on this… As I mentioned earlier, the 2021 Power Plan suggests that there is great potential energy savings in the installation of lighting controls in retrofit projects. As there does not appear to be much market activity happening in this space, this COULD BE an opportunity for utility programs to push the market towards greater efficiency.
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Customers 
have a lot of 
influence.
How controls are selected and by 
whom varies widely depending on 
customer involvement. 

Presenter
Presentation Notes
Finally, from our lighting interviews, it was clear that the end customer had significant influence in this market. How controls are selected and by whom varies widely depending on customer involvement. Highly engaged customers often push beyond minimum code requirements and opt for more advanced controls systems. Market actors agreed that if a customer has a specific request for a control system, that control system will be used on the project. Unengaged, or uninformed, customers usually leave it up to other market actors – like the manufacturer’s rep, the installer, the architect, or others playing the lighting control specifier role on the project – to choose the controls options. In these cases, where the customer is unengaged, meeting code and low first cost are the priorities when designing a project.Information on reporting, code compliance, customer influence and installation incentives were the primary findings from our lighting interviews and these observations helped us better understand how the market is adopting lighting controls solutions. 
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Most HVAC 
controls are 
required by 
code.
Many market actors indicated 
that they install controls 
exclusively to meet code, 
meaning the opportunities for 
energy savings lie with:
• Commissioning
• Retro-commissioning
• Retrofit projects

Code-required 
controls

Presenter
Presentation Notes
We also learned quite a bit from our HVAC interviews,. Most importantly, Market Actors stated that  current codes already provide stringent guidelines for HVAC controls, making them a necessary requirement in most permitted projects. As contractors strive to meet code there are limited opportunities to make large controls improvements above code. They mentioned that the real opportunity for significant energy savings and market transformation lies in commissioning and retro-commissioning processes and retrofit projects. New construction commissioning can help ensure that contractors have accurately met code. Commissioning agents can test HVAC equipment and the controls to make sure they are operating as designed. For existing systems, retro-commissioning can evaluate, optimize, and fine-tune these systems to improve their performance and energy efficiency.Market actors also suggested that adding controls in HVAC retrofits projects could provide a good savings opportunity as adding controls to existing equipment can make them more efficient. And by providing incentives, resources, and technical assistance, utility programs can encourage building owners and operators to invest in commissioning, retro-commissioning, and retrofit projects. This support can help unlock the full potential of HVAC systems and contribute to energy conservation, cost savings, and environmental sustainability in buildings.



21

Building 
size and 
type 
influence 
controls

Building 
Management 

System

Controls 
Packaged 
with HVAC

Programmable 
Thermostat (incl. 
Wi-Fi connected)

HVAC Distributor/ 
Manufacturer Rep

Mechanical 
Contractor

Small Building Sites

Controls 
Manufacturer 
Rep/Controls 

Contractor

Large 
Building 

Sites

80%

80%

20%

20%

Presenter
Presentation Notes
Market actors also provided us with great insight into the selection and use of controls. In our interviews they identified three primary categories of controls used in the commercial HVAC market and discussed how the are selected. These include Building Management Systems, controls packaged with HVAC equipment, and programmable thermostats (all shown on the left).  Computer based building management systems are the most robust HVAC control systems. These communicate with, and manage, the various equipment in the building through sensors and actuators. These systems are installed by contractors, licensed by the controls manufacturers. These contractors typically receive extensive training in the programing and servicing of the system  and use of the manufacturer-specific software. Our interviews indicated that about 80% of Building Management Systems go into large building facilities, like schools, class A office buildings, higher education, and healthcare, while only 20% of systems get installed in smaller, less complicated buildings or facilities.  The next level down include controls that are packaged with the HVAC system. These are enhanced systems that allow facility managers to schedule, change set points, view alerts, and other functions. VRF equipment often comes with these type of controls, as do packaged rooftop units. The least complicated controls system are programmable thermostats, similar to programmable thermostats you may have at home. They allow users to change set points and can be scheduled via Wi-Fi.Typically, controls packaged with HVAC equipment and programmable thermostats flow through an HVAC distributor or a manufacturer’s representative. The mechanical contractor will purchase and install this equipment, sometimes with the help of a manufacturer’s rep. About 80% of this equipment goes into smaller buildings and less complex facilities like warehouses and strip malls. In about 20% of the cases these systems are installed into larger buildings sites.Understanding this decision process for HVAC system installation helps us better identify savings potential in the market. 
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Controls strategy 
persistence is a 
savings risk...
End users often override control 
strategies, which impacts the 
persistence of controls savings.

Presenter
Presentation Notes
No matter the system selected, one important point that all our market actors agreed on, is that control strategies are often overridden. In our some of our interviews, it was mentioned that that controls strategies are “changed right away,” while in others, it was suggested that controls remain in place about half of the time. Market actors had differing opinions on which controls strategies where most often overridden, but virtually all interviewee’s confirmed that all forms of controls strategies, could be, and are overridden. Coincidentally, this information was supported from our data review. Meta studies of commissioning projects showed that for sites revisited 3 to 20 years after commissioning, energy savings persistence dropped to as low as 50%.   When we asked our market actors how to ensure the optimization of HVAC controls, they suggested…
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... monitoring- 
based 
commissioning 
could help
Monitoring-based commissioning 
presents an opportunity to increase 
energy savings and persistence of 
savings.

Collect data (from 
building controls, 

meter, weather, etc.)

Use software to 
analyze data 

Modify setpoints, 
schedule, or 

controls 

Presenter
Presentation Notes
Monitoring-based commissioning. This uses cloud-based artificial intelligence to identify possible faults in an HVAC system. Building data is collected (typically from a building management system) and sent to the monitoring-based commissioning program. The software analyzes the data, detects potential failures, and suggests potential changes. It’s like a super-powered Nest but for commercial buildings. Depending on the software and the controls capabilities, it might make direct changes to the system, or suggest them so a facilities manager can make the changes.Currently, monitoring-based commissioning is emerging, and not-yet-proven, but one of the contractors we talked to installs them on roughly half of their new buildings over 50,000 square feet.  And while many of our other respondents have rarely installed, or even, seen a system installed, there is potential for savings. As such, utilities in the Northeast, California, and British Columbia have begun incentivizing this type of work.
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Conclusions

Presenter
Presentation Notes
So that’s how we did the research and the key findings that we collected.  Lets talk about some of our conclusion and the implications of this research. 



2525

Fully 
understanding 
the controls 
opportunities 
requires more 
data.
Controls are still an important 
savings opportunity, but more data 
is needed to fully characterize 
their regional impact.

Presenter
Presentation Notes
Fully understanding the controls opportunities requires more data.  Controls are clearly an important savings opportunity, but MORE data is needed to fully characterize their regional impact. The gaps in available data make it challenging to accurately quantify the impact controls are having on energy consumption in the region. We do anticipate that regional data will improve over the next few years, and at the very least, there is a new Commercial Building Stock Assessment currently being conducted by NEEA. Although in its early stages, the CBSA will collect extensive building data, improving visibility into the installed controls stock in the region. As controls gain traction in the market, other data sources may emerge or current reporting on controls—like regional program savings reporting—may improve in granularity. However, controls will remain complex, and difficult to fully characterize, due to the inherent conflict between the equipment component and operational component of the controls system. The BPA models could help understand controls better by leveraging available data to provide more insight into their markets.  However, BPA, along with NEEA and our regional utilities will need to pursue creative solutions to these data limitations to fully access the impact of controls.
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Improved 
granularity and 
consistency in 
reporting 
controls activity 
are needed.

Presenter
Presentation Notes
Additionally,  better granularity and more consistency in the REPORTING of controls activity is needed.  Manufacturers, specifiers, installers, and facilities managers need to improve reporting if we are to fully understand what types of controls are installed and exactly how those controls are operating over time. Utility programs also need to improve and, if possible, standardize their reporting of projects. Only then will we be able to fully characterize regional energy savings from controls.
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More code 
requirements = 
More controls 
in more places

Presenter
Presentation Notes
This is going to become increasingly important as we see more and more controls systems being installed.  Building codes have driven most of the controls activity in both the lighting and HVAC markets, and they will continue to so as for new construction and major retrofit projects where they are required.  More stringent lighting codes are requiring more controls types, like occupancy sensing and daylighting, in more space types. Several market actors mentioned in interviews that installing a more advanced lighting control systems, like luminaire level lighting controls, are sometimes the easiest way to meet these code requirements. Codes are already requiring new HVAC systems installed to have a variety of control capabilities. While this is not a guarantee these control capabilities are used on every project, it does increase the presence of controls in the market naturally over time. Continual monitoring of building codes will provide valuable insight into the growth and proliferation of distinct control systems via new construction projects.
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Large buildings 
offer greatest 
controls 
potential.
Outside of code, large buildings 
and campus projects present 
the most controls savings 
opportunities.

Presenter
Presentation Notes
But there is potential, even outside of code driven market growth.   We heard in both the lighting and HVAC interviews that outside of code-required activity, the biggest savings opportunity is in big buildings. Large square footage projects, like corporate campuses, are pursuing more advanced lighting and HVAC control systems to improve building performance and reduce energy consumption.  Therefore in large building and campus projects the high first cost of adding controls can be cost effective if the controls systems offer significant energy savings over time.This is definitely a controls market to focus on. 
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Utility programs 
can help.
Utility incentive programs can help 
tip the scales toward adding 
controls, even for smaller projects.

Presenter
Presentation Notes
As we have mentioned throughout the presentation, the high first cost is a prevalent barrier to including controls on a project. Utility programs can help alleviate this concern by bringing down that cost. Offering more robust utility programs for controls above code requirements could help tip the scales on getting smaller projects, retrofits, and other lagging market sectors to include controls in their upcoming projects.
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Include controls 
in our market 
models

Controls in the 
era of demand 

flexibility

Looking Ahead

Presenter
Presentation Notes
Looking ahead, we found that there is enough data currently available to include lighting controls in our market models. However, the modeling approach will be limited by questions about the persistence of controls savings, and by gaps in available data, particularly in the granularity at which we can model and report controls. We do know that controls are impacting total energy consumption in both markets, and accounting for this in the models, even in a limited fashion, will allow us to better understand regional energy consumption. Therefore, we will aim to create a structure within the models to track future growth in controls adoption. As more data becomes available, we will assess and possibly build out a more robust modeling strategy.  Finally, we want to note that improving the characterization of controls in the Northwest will help the region understand the potential value of controls as a facilitating technology for demand response and demand flexibility. As an example, facilities with lighting and HVAC controls are more able to take full advantage of time-of-use rates. Controls can also facilitate automated demand response events. As additional electrification occurs in the Northwest, utilities may need more tools to manage demand, and understanding the current landscape for how controls will help the region assess what programs are feasible today and where additional opportunities may exist.As such, My team will be keeping controls at the forefront of our research in lighting, HVAC, and all building systems.  
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BPA Project Lead:
Juan Carlos Blacker
jcblacker@bpa.gov

Thank You
Contact

Presenter
Presentation Notes
That’s all we have for you today. Any questions? Thank you for attending. I hope that his information was informative and valuable and I would love to discuss our finding in more detail anytime.  So please, if you have any questions on today’s presentation, don’t hesitate to reach out to me.


