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Introduction

The purpose of this Staff Paper is to prepare parties for a workshop on whether and how to include non-water heating solar thermal technologies into the CSI-Thermal Program. This paper provides background on the CSI-Thermal Program, discusses the current status of the CSI-Thermal program, reviews the subject of eligibility for non-water heating solar thermal technologies, and poses questions intended to provoke discussion at the workshop. 
This paper does not attempt to give definitive answers about which non-water heating solar thermal technologies should be incorporated into the CSI-Thermal Program or how incentives to those technologies will be calculated and paid. Rather it should be seen as a jumping-off point to guide the discussion among workshop participants. 
Background

Senate Bill (SB) 1
 established the $2.167 billion California Solar Initiative (CSI) in 2006, providing financial incentives and other support for solar photovoltaic (PV) systems with the goal of installing 1,940 megawatts (MW) of distributed solar in the service territories of California’s three large investor-owned electric utilities. SB 1 created Public Utilities Code (PU Code) § 2851, which authorizes the CPUC to create a program funded by electric ratepayers.  Of particular note, PU Code 2851(b) allows up $100.8 million of total CSI funding to provide monetary incentives “for solar thermal and solar water heating devices.” 
The CPUC established the CSI Program via a series of decisions, including Decision (D.) 06-12-033. The CSI Program launched to the public on January 1, 2007. To incentivize performance, the program requires large projects to take a performance-based incentive (PBI) that pays the incentive over five years based on actual thermal output of the systems. Smaller systems may take the incentive in a lump-sum payment based on the system’s estimated performance. 
The CSI program contains several components including a general market program, two low-income programs, a research and development (RD&D) program, and a solar water heating (SWH) pilot program.  The general market program funds rebates for both solar PV technologies, as well as other solar technologies (including thermal) – with the exception of SWH – that generate or displace electricity.  As for February 2011, there have been 3.7 MW of other solar technologies funded through the CSI general market program, which have consisted entirely of concentrating solar PV. To date, no non-water heating solar thermal projects have applied to the program. 
Even though solar water heating (SWH) qualified for incentives under § 2851, it was initially excluded from applying for incentives pending the results of a $2.59 million SWH pilot program (SWHPP) to be administered by the California Center for Sustainable Energy (CCSE) in the service territory of San Diego Gas and Electric Company (SDG&E).
  In addition, all natural-gas displacing technologies were prevented from receiving incentives with the exception of those applying to the SWHPP. The pilot program ran from July 2007 to December 2009 and offered incentives to both natural gas-displacing and electric-displacing SWH systems. 
In October 2007, Governor Schwarzenegger signed Assembly Bill (AB) 1470 (Huffman, 2007) , which authorized $250 million in incentives and other market support for SWH systems that displace natural gas, provided that the SWHPP shows that such a program would be “cost effective for ratepayers and in the public interest.” 

In 2009 the CPUC Energy Division analyzed the results of the SWHPP and recommended that the Commission approve a statewide SWH incentive program, finding that such a program could be cost effective and in the public interest. In January 2010, the CPUC adopted D. 10-01-022, which authorized the creation of the CSI-Thermal program based on the staff recommendations. The CSI-Thermal program, as adopted, combines the $250 million authorized for natural-gas displacing SWH (funded by natural gas ratepayers) with the $100.8 million allowed for electric displacing SWH systems (funded by electric ratepayers and already a part of the CSI general market program). 
Seeking to promote administrative simplicity, D. 10-01-022 directed incentives for gas-displacing and electric-displacing SWH to be administered with a single application process, database, incentive calculator and other tools, although the incentive amounts differ between the different fuels displaced and the funding comes from different ratepayers. The CSI-Thermal program is administered jointly by four Program Administrators: Southern California Gas (SCG), California Center for Sustainable Energy (CCSE in SDG&E’s territory), Pacific Gas and Electric (PG&E), and Southern California Edison (SCE).
Because the incentive calculators and other tools used to administer incentives under the program are designed for SWH, but may differ for non-water heating thermal technologies, D. 10-01.022 did not initially allow incentives for non-water-heating thermal technologies. Instead, the Decision orders Energy Division to hold a workshop within 180 days of the Decision to determine whether and how to pay incentives for non-water-heating thermal technologies. The Decision states (p. 72):


Within 180 days from the effective date of this decision, Energy Division shall hold a workshop on the issue of the eligibility of non-solar water heating solar thermal technologies that displace gas usage and meet all other program requirements. The workshop should address how to estimate these technologies thermal displacement for incentives calculation purposes and whether performance-based incentives might be appropriate for these technologies. Following the workshop, Energy Division should provide a workshop report to the Service List of this proceeding, or its successor proceeding, and the Administrative Law Judge. 

Due to delays in the initial program startup resulting from protests to the Program Administrators’ (PAs) Program Handbook filings and other issues, Energy Division has not yet held that workshop. The workshop is now scheduled for February 23, 2011. This briefing paper provides a background for the workshop, including questions that should be discussed at the workshop. 
I. Current Status of Solar Thermal Rebates
At present, the CSI-Thermal Program is accepting applications from single-family and multi-family/commercial customers taking natural gas or electricity service from the large investor-owned utilities in California.
 To qualify, single-family applicants must install a SWH system with an OG-300 rating from the Solar Rating and Certification Corporation (SRCC), and multi-family/commercial applicants must use install a SWH system with SRCC OG-100 rated collectors. In addition, the program only allows end uses that directly consume the solar-heated water, rather than using it as a medium to carry heat for other end uses.
 

Applicants to the program installing systems smaller than 250 kWth (about 3850 square feet of collector space) are paid incentives in an up-front lump-sum payment after the systems has been installed and inspected if necessary. Incentives rates are set per therm of natural gas or kWh of electricity, and actual incentives for each individual project are determined by multiplying the system’s expected first-year energy displacement by the applicable incentive level. 

For single-family OG-300 rated systems, the expected first-year energy displacement is provided by SRCC for each climate zone. The CSI-Thermal incentive calculator simply uses this estimate and adjusts the incentive to account for shading or sub-optimal orientation. 

For multi-family/commercial systems with OG-100 collectors, TRNSYS-based software is used to model each system and determine the first-year energy savings. The CSI-Thermal Program has contracted with an independent software developer, TESS, to build and maintain this model. Although many of the most common SWH system configurations are already built into the TRNSYS model, there are many other configurations that are not included and would need to be “custom-modeled” by TESS as the need arises. 

One hurdle the program has faced in paying incentives based on modeled energy displacement is the difficulty in verifying the applicant’s estimate of building hot water load, which has a large impact on the energy savings and thus can greatly affect the incentive payment. To mitigate this problem, the CSI-Thermal Program requires applicants to meter hot water load for 60 days unless the building type appears on a list of standard hot water load profiles maintained by the American Society of Heating, Refrigeration and Air-Conditioning Engineers (ASHRAE). 

Due to concerns about “gaming” the incentive calculator with inaccurate hot water loads and to avoid potential inaccuracies in modeling large systems, SWH systems larger than 250 kWth are required to take the incentive in two parts. The first part of the incentive is equal to 70 percent of the expected first-year energy savings as calculated by the TRNSYS model. The second part of the payment is paid after the first year of system operation and is equal to the actual first year energy displacement as measured by a revenue grade meter, less the original payment. 

II.  Solar Thermal Technologies Currently Excluded from Incentives
At present, a number of solar thermal applications do not qualify for incentives under the CSI-Thermal Program, even though they use solar thermal technology to displace natural gas or electricity.
 A brief summary of the types of solar thermal applications that are currently excluded, and the prospects for including them in the program, are discussed below. 
· Systems lacking an SRCC rating: These systems are excluded from the CSI-Thermal Program due to language in AB 1470 specifically requiring OG-300 or OG-100 ratings as a condition of receiving incentives. These systems are unlikely to qualify for the program in the future unless the law is changed. 
· Space Heating technologies that displace natural gas: Because OG-100 collectors can be used for space heating and radiant heating, these technologies are not prohibited from receiving incentives from the CSI-Thermal Program under AB 1470.
 These systems were not originally included as eligible in the CSI-Thermal Program due to the difficulty of modeling those systems’ energy displacement. It is the intent of the CSI-Thermal Program to include these systems, but there are two technical hurdles to doing so. First, design and installation standards must be developed to ensure that these systems to not suffer from technical deficiencies such as inadequate overheat protection. Second, it must be determined whether their energy savings can be predicted using TRNSYS-based software with reasonable accuracy and at reasonable expense. 
· Solar cooling technologies that displace natural gas: A number of technologies currently exist that use the heat of the sun to create cool air, include absorption cooling, desiccant cooling and vapor compression cooling. These technologies can displace electricity by reducing air conditioning load, and thus should qualify CSI-Thermal Electric displacing incentives, provided they use OG-100 rated solar collectors. As with space-heating applications, however, the program’s ability to pay these technologies a one-time, up-front incentive will depend on the ability of these systems’ energy displacement to be modeled accurately and at reasonable cost. In addition, minimum system design specifications may be required. 
· Natural gas-displacing end uses that do not directly consume the solar heated water: The CSI-Thermal Program currently does not pay incentives to SWH applications that do not directly consume the solar-heated water, due to uncertainty in modeling these systems energy savings. Certain types of process heat applications are likely excluded from the program under this definition. Although the breadth of technologies that might fall into this category is not clear, the CPUC hopes to explore these types of technologies at the workshop and determine whether and how they might be offered incentives under the CSI Thermal Program.
III. Relevant Questions
1) Are new system design and installation criteria needed to accommodate the new technologies?

A major goal of the CSI-Thermal Program is to provide some level of consumer protection to safeguard the reputation of the solar thermal industry as one that installs only high-performing, long-lasting systems. A major lesson from the previous era of solar water heating in California is that a few poorly installed systems can sully the reputation of the industry. Thus, the CSI-Thermal Program will develop standards and guidelines for proper system design, sizing and installation. 

The process for developing those standards would need to be determined. It could be a technical committee containing members of the industry, or it could be done by the CSI-Thermal PAs with help from national labs, universities, accredited agencies or other qualified sources. The standards and/or guidelines would then be incorporated into the CSI-Thermal Handbook. One topic that will be discussed at the workshop will be how to develop these standards. 
2) Is a new incentive calculation method needed to accommodate non-water heating solar thermal technologies?

The issue of whether or not the energy displacement of non-water heating solar thermal technologies can be estimated using current CSI-Thermal Program methodology is a critical issue that will need to be resolved before these technologies can be included in the program. 

As mentioned earlier in this paper, the CSI-Thermal Program has faced some technical challenges under the current system, whereby a web application calculates the incentive using TRNSYS to model expected energy displacement.  Some of those challenges, such as measuring and verifying thermal load, may be even more difficult with non-water heating applications than with SWH. For instance, while ASHRAE estimates hot water loads for certain building types, those guidelines might not exist for non-water heating thermal loads.
Another challenge facing the incorporation of non-SWH technologies into the CSI-Thermal program is the number of custom TRNSYS simulations that may be required to accommodate these technologies. For every system configuration that has not already been modeled, TESS must create a custom model to estimate the thermal displacement of that system. Thus, if there is a wide variety of non-SWH thermal systems that are new to the TRNSYS model, incorporating all of these systems into the program could become costly and time-consuming.
3) How would the program handle combination systems comprised of SWH and non-SWH?
In practice, the Program Administrators are already confronted with some systems that are combinations of SWH and non-SWH technologies, like space heating and cooling. These existing projects are only eligible for the water heating portion of their system under current rules, but the combination systems are already presenting a system sizing and rebate level challenge to the Program Administrators.

TESS has informed the Program Administrators that it is likely possible to model the output of such systems by adding the water heating savings to the other thermal savings to come up with a single expected therm or kWh savings for the system. This is one possible solution to the problem. Other possible solutions are that the applicant meter the site and provide a customer load profile, or that the project be paid a PBI incentive. 

4) Does the Program need to add a PBI element where payments are made based on actual metered energy at regular intervals over a certain time span?
If the TRNSYS model is capable of estimating thermal displacement for the entire breadth of non-SWH thermal technologies seeking to participate in the program, PBI incentives are probably not needed. The CSI-Thermal Program may wish to consider introducing a PBI option into the program for other reasons, however. Those are listed below. 
a) There might be some non-water heating solar thermal technologies that can be modeled, but not modeled accurately.
In order to model any thermal system, TRNSYS needs to know the load for the end use of that system. Acquiring this information is challenging with solar water heating, but it is possible due to the existence of ASHRAE standard load profiles and flow meters that allow building hot water load to be measured. For non-SWH thermal technologies, it will likely be even more difficult and in some cases might not be possible. Standard load profiles may not work for space heating and cooling due to the possibility of highly varying loads in similar building types. 

If thermal loads cannot be easily estimated, it is likely that TRNSYS will not be able to provide accurate predictions of system energy displacement. In these cases, the CSI-Thermal Program may need to consider PBI or some other method of paying incentives – although modeling might still be used to estimate incentives for budgeting purposes. . 
b) It could be expensive or time-consuming to create custom models for all system types that fall outside the standard TRNSYS model.
As mentioned above, non-standard system configurations require the creation of a custom TRNSYS run. If opening the program to non-SWH thermal technologies will require the creation of many custom TRNSYS runs, the cost to the program could become significant. 
Creating a PBI-type system could alleviate some of this custom modeling. Although it is likely the program would still need a way to estimate incentive payments up-front for budgeting purposes, relying on metered energy to actually make the incentive payments would reduce the need for highly accurate estimates of expected energy displacement.  Moreover, other methods of estimating the incentive payments for budgeting purposes may be possible, such as requiring the applicant to submit an engineering estimate of annual energy displacement stamped by a professional engineer. 
c) Paying a PBI incentive might be less burdensome for applicants than collecting 60 days of metered data to verify system load.  

Currently, applicants whose facility types do not appear on the ASHRAE table of standard load profiles are required to meter the facility’s hot water load for 60 days in order to provide an accurate estimate for the purposes of TRNSYS modeling. This 60-day metered data is then extrapolated out over each hour of an entire year to provide a complete facility load profile. Creating a PBI incentive structure could potentially allow facilities that do not appear on the ASHRAE standard load profiles to forgo this exercise, since actual incentive payments would be made based on metered energy output, rather than the TRNSYS model. This approach might be preferable to some applicants.
d) Large system applicants might prefer to take PBI over a 5-year time span to the current 70/30 split incentive structure. 

The 70/30 split incentive solution was devised to attempt to pay for performance for systems that are large so that the required metering costs are only a tiny fraction of total project costs. A five-year PBI setup might be preferable to applicants. For instance, the 70/30 payment makes 30 % of the incentive entirely dependent on one year of system operation. Having only a single year of data increases the chances that the year will be an abnormal year of low water use and thus unfairly penalize the system owner. 
By extending the payment to a 5-year regular PBI payment, the incentive would be based on a larger time sample of the facility’s actual operating characteristics, increasing the chances that the incentive payment would approximate actual system performance. Some project large project developers have expressed preference for pure PBI over the 70/30 incentive. 
e) What would need to be done to create a PBI type incentive structure? 
A PBI type incentive structure would need to be created by a Commission Decision and would work similar to how PBI works for the CSI general market Program.  A participant would be paid for actual energy displaced over time instead of on an estimate of energy displacement. A participant would need to submit verifiable metered data to justify their incentive level.  A participant would be paid an amount that is the equivalent sum to an upfront payment for estimated performance, but yet only receive the payment in response to actual performance.

The Commission would need to decide whether the PBI payment structure would be paid over a five year period (like the CSI general market program) or whether it would be over a shorter or longer period.  Some of the issues in PBI design are listed below:


· PBI payments need to be made in a manner that is somewhat equivalent to an “upfront basis”. Conversion between the upfront payment amount and the payment over time amount must be calculated.

· PBI payments need to be made over some period of time. The CSI general market program uses 5 years, but another time frame could be chosen. 

· PBI payments can be made on an interval basis. The CSI general market program uses the monthly interval, but another interval – such as quarterly, semi-annual, or annual payments could be chosen.

· For program budgeting purposes, a method of estimating system performance up-front would still be needed. This could be done by modeling, engineering estimates or a combination of both. 

· To avoid budget shortfalls, it may be necessary to cap PBI payments at estimated performance or some percentage above estimated performance. If that were the case, the payments could be collected over a shorter period of time (e.g. if a system outperforms expectations).  PBI payments could also be uncapped (which is the case in the CSI general market program) but collected only over a fixed period – 60 months.
8) Would the PBI type incentive structure be required for certain types of projects and would it replace the existing 70/30 incentive split for large commercial projects in place today? 

Under the existing multifamily/commercial program for SWH technologies, large projects have a 70/30 incentive split.  This hybrid PBI structure might be replaced if there was a Commission decision to create a PBI structure for non-water heating solar thermal technologies. 
It would make sense for the Commission to stipulate that very large systems would be forced to take PBI, regardless of whether they are SWH or non-SWH. Therefore, a new PBI type system would replace the existing 70/30 split incentive structure for large projects, as it would then be unnecessary and confusing to have three different payment types. To date, no SWH projects have applied for the 70/30 incentive payment, and it may be that this approach creates risks that are not acceptable to program applicants. .
PBI might also be an option for smaller SWH and non-SWH systems that prefer PBI over the up-front incentive based on a TRNSYS simulation. Finally, PBI would be available for all systems for which it is not possible to accurately model the energy displacement in TRNSYS. In those cases, some other method of estimating annual energy displacement would need to be devised for the purpose of reserving an incentive. The Commission would need to consider whether the administrative costs of administering PBI are worth the tradeoffs to allow smaller systems to participate.

There are some benefits gained by the program by moving towards a performance based approach, not the least of which is that the program only pays for verified performance of systems.  Systems have an incentive to remain installed and high performing, even after the initial installation period.  This incentive reduces the risk that ratepayers will fund the installation of technology that goes unused or becomes obsolete within a few short years.

IV.   
Procedural next steps

1) Parties’ comments and workshop report 

Following the workshop, parties are encouraged to submit written comments providing their recommendations on the questions above, topics raised at the workshop, and any other issues parties deem to be relevant to this topic. Shortly after the workshop, Energy Division may send out a note with a revised list of questions on which feedback would be useful if issues come up at the workshop that are not discussed in this memo. Comments will be due on March 16. 
2) Energy Division Post-Workshop report

Following receipt of parties’ comments, Energy Division will file a workshop report summarizing the topics discussed at the workshop and positions of parties on major issues. The workshop report will inform future Commission Decisions and/or Rulings on the subject of non-water heating thermal technologies. 

3) Future Commission action
Once the workshop has been held, comments have been received and a post-workshop report has been issued, the Commission will need to act in order to implement changes to the CSI-Thermal Program. Broad policy changes would need to be approved in a Commission Decision, while technical implementation details would be enacted via changes to the CSI-Thermal Program Handbook. In addition, it will likely be necessary to change the CSI Program Handbook in order to eliminate references to electric-displacing thermal technologies, since it would be confusing to administer incentives to the same technology via two different programs.  
� Murray, 2006


� See D. 06-01-024, page 13-14


� The portion of the CSI-Thermal Program that funds incentives for electric displacing systems is subject to the overall budget of the CSI general market program.  The funding for the commercial portion of the general market program was exhausted in October 2010 in SDG&E territory and in December 2010 in PG&E territory. Once funding is exhausted in the general market program for commercial projects, all new project applications are placed on a waitlist and funding is committed as other projects drop out. 


� This restriction was initially imposed because non-end use applications may require a different incentive calculation method, and initial program startup activities would have been delayed in addressing that issue. 





� Some of these technologies currently qualify for incentives under the CSI-General Market Program if they displace electricity, but to date none have participated. 


� Public Utilities Code § 2861 (h): “Solar water heating system” means a solar energy device that has the primary purpose of reducing demand for natural gas through water heating, space heating, or other methods of capturing energy from the sun to reduce natural gas consumption in a home, business, or any building receiving natural gas …








