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Request for Information: Challenges and Opportunities for the American Solar Industry
DATE:			 December 7, 2018
SUBJECT: 		 Request for Information (RFI)

Purpose

[bookmark: _GoBack][bookmark: Photovoltaics]The U.S. Department of Energy Solar Energy Technologies Office (SETO) seeks information to help inform its research priorities, as part of its annual planning process.  The purpose of this RFI is to solicit feedback from industry, academia, research laboratories, government agencies, and other stakeholders to identify areas of interest related to challenges and opportunities for the American solar industry that are appropriate for federal government funding.  This is solely a request for information and not a Funding Opportunity Announcement (FOA).  No funding applications are being accepted in response to this RFI.

[bookmark: CSP]Topic 3: Concentrating Solar-Thermal Power

The Concentrating Solar-Thermal Power (CSP) R&D program supports early-stage research to improve the performance, reduce the cost, and improve the lifetime and reliability of CSP materials, components, subsystems, and integrated concepts. The technical feasibility and low cost of integrating thermal energy storage (TES) allows CSP to provide solar electricity on demand. However, for market-driven deployment of CSP in the US, costs of CSP-TES plants need significant reduction. SETO funds a broad R&D portfolio to support achieving the 2030 SETO targets of 5¢/kWh levelized cost of electricity (LCOE) for a ‘baseload style’ CSP plant (≥ 12 hours of TES at full power output), and 10¢/kWh for a ‘peaker style’ CSP plant (≤ 6 hours of TES) as depicted on line.[footnoteRef:2]   [2:  https://www.energy.gov/eere/solar/sunshot-2030  ] 

This RFI seeks input from the industrial, regulatory and research communities in several areas that may help enable CSP systems to achieve the 2030 LCOE targets. These areas include: advanced manufacturing and novel materials to reduce the time to market and enhance the performance of CSP systems and components; autonomous calibration, operation and maintenance of CSP solar fields to reduce installation time and cost, and improve performance of the installed field and over the lifetime of the plant; and thermal energy storage (TES) materials and systems which enhance the ability of CSP to contribute to grid reliability, flexibility and efficiency.
Background
Since the beginning of the decade, CSP technologies have undergone a generational shift from fuel-based trough power plants with an LCOE around 21¢/kWh to molten salt based towers, which are modeled at a 2017 cost of 10¢/kWh domestically for ‘baseload style’ plants and 18¢/kWh for ‘peaker style’ plants.[footnoteRef:3]. Current ‘Power Tower’ designs use molten nitrate salts as both the primary heat transfer fluid (HTF) and a sensible TES material, at a hot fluid temperature of approximately 565 °C. Recent SETO R&D objectives and funding opportunities have focused on improving system efficiency by moving to higher operating temperatures. Specifically, they have focused on the most promising thermal transport systems capable of higher operating temperatures (> 700 °C) for integration with advanced, high-efficiency power cycles, referred to as Generation 3 CSP.[footnoteRef:4]  [3:  NREL (National Renewable Energy Laboratory). 2018. 2018 Annual Technology Baseline. Golden, CO: National Renewable Energy Laboratory. https://atb.nrel.gov/.
]  [4:  Mehos, Mark, et al. 2017. Concentrating Solar Power Gen3 Demonstration Roadmap. No. NREL/TP-5500-67464. NREL (National Renewable Energy Laboratory (NREL), Golden, CO (United States)).] 

[image: N:\CSPRD2018\CSP-technical-target-infographic-11-17.png]Figure 1. Schematic layout of the collectors, receivers, thermal storage, and power block of a molten salt tower CSP plant illustrating one combination of subsystem metrics compatible with the 2030 CSP LCOE Targets
Specific subsystems within the CSP plant: collectors, receiver, thermal energy storage, and power block are depicted in Figure 1. Disaggregating cost and performance by subsystem helps isolate and prioritize needed innovations. Figure 1 depicts one combination of subsystem improvements which could result in achieving the target LCOE. However, these are single values which may not reflect the most viable avenues of innovation. Figure 2 shows how improvements to specific cost, efficiency, or lifetime targets beyond this simple solution set could relax daunting innovation requirements in other areas. For example, if the collector subsystem cost could be greatly decreased, the need for a high efficiency power cycle is reduced.  Within this broad framework of interdependent technology development, SETO must prioritize research and development funds to the most impactful endeavors.
[image: N:\CSPRD2018\CSP-Cost-Efficiency-2030-Baseload.png]
Figure 2. Area below each curve encompasses a solution space compatible with the 2030 baseload target of 5¢/kWh. The Baseline 2030 scenario uses the metrics in Figure 2 as inputs. A broader solution space for solar field cost vs power cycle efficiency could be realized by expanding plant lifetime to 40 years, reducing operation and operation and maintenance (O&M) costs to $30/kW-yr, or reducing power block cost to $700/kW. Each line on this figure represents a single change from the baseline scenario.
To streamline the processing of feedback a number of questions have been added that cover the subjects presented above. Please respond to as many of the specific questions or topics as may be deemed appropriate.

Categories and Questions

Category 1:  Cost competitive CSP incorporating long term thermal energy storage
CSP provides unique value due to its inherent integration of thermal energy storage (TES) and the dispatchable solar energy it provides. Most CSP-TES plant designs to date optimize for daily charge and discharge and lowest overall electricity generation cost. However, CSP with TES cannot provide guaranteed firm grid capacity, in part due to the risk of extended periods of low insolation, and in part due to the seasonal variation in solar resource. Two opportunities therefore may exist to enhance the value of CSP: a) technology innovation that reduces overall TES costs and daily thermal losses to < 0.1%, potentially enabling cost-effective weekly storage; and b) innovations that allow the storage of large amounts (10s to 100s of hours) of solar energy on a seasonal basis (implies more than a month with negligible thermal losses).
1) What R&D opportunities exist with current CSP technology or new TES embodiments to enable weekly or seasonal storage? What cost and efficiency of such systems would be necessary to realize sufficient value for CSP systems in both current and future markets? What near-term market opportunities exist for a CSP plant with long term thermal energy storage and what storage duration, solar multiple, and thermal capacity would be appropriate for those opportunities? 
2) For a sensible, latent, or thermochemical TES system, respectively, what are achievable daily thermal loss rates of an idle storage system? What cost is acceptable for achieving significant reductions in the TES daily thermal loss? 
3) For TES concepts, energy density dictates both the amount of storage media required, and the surface area of the containment vessel and heat transfer surface, which combined make up the vast majority of the capital cost of TES systems.
a. For weekly or seasonal sensible, latent, or thermochemical TES systems respectively, what materials and technologies minimize the cost of TES media and containment vessel per unit of energy stored? 
b. Given the energy density required for cost-effective seasonal energy storage, are there non-thermochemical options that are potentially cost-effective?
c. Potential high energy density thermochemical energy storage (TCES) systems may not need to be held at the discharge temperature during long term hold events. However challenges exist developing TCES systems that 1) do not degrade with cycling 2) optimize the exergetic efficiency of the system by appropriately matching temperatures for the charging and discharging cycles; 3) maximize first law efficiency by managing embedded sensible energy; 4) and minimize the cost of materials and the reactor. What are the most promising TCES technologies that present opportunities for seasonal (> 1 month) storage of embedded solar energy? What are the primary challenges that must be overcome to commercialize those technologies?
d. Are there opportunities for TCES systems to leverage other chemical industries and infrastructure (e.g. ammonia synthesis, metal ore refining, hydrogen production, or others) to both reduce the initial risk to solar thermal developers, as well as leveraging a wider supply chain and field of expertise? If opportunities do exist, what are the primary challenges in incorporating solar thermal energy into these processes?
Category 2: Pumped Thermal Electricity Storage 
Current trends indicate an increasing demand for load shifting on the US electricity grid with the increased deployment of intermittent energy sources. Pumped thermal electricity storage (PTES)[footnoteRef:5] uses electricity from the grid to run a heat pump to heat and/or cool a thermal energy storage media, and later use this stored thermal energy to generate electricity back to the grid. PTES presents an opportunity for 6+ hour load shifting with minimal geographical constraint. [footnoteRef:6] Many leading PTES concepts incorporate technologies de-risked by the CSP industry. Other potential PTES technologies may be readily incorporated into an advanced CSP system.  [5:  Storing electricity from the grid in the form of thermal energy is referenced in the literature under several names including; Pumped Thermal Energy Storage, Pumped Thermal Exergy Storage and Pumped Heat Electricity Storage.]  [6:  ARPA-e announces projects that comprise ARPA-E's DAYS (Duration Addition to electricitY Storage) program. https://arpa-e.energy.gov/sites/default/files/documents/files/DAYS%20Project%20Descriptions%20FINAL.pdf] 

1) What opportunities exist to hybridize CSP with TES systems that are capable of charging from either the electric grid or the sun? What opportunities exist to develop components for such a system that will only minimally increase the capital cost of a CSP plant?
2) Many components developed for CSP and/or the broader power industry (especially turbomachinery) may be able to be configured or readily redesigned for the demonstration of PTES systems. 
a. What technologies are available to be used and in what configuration for near-term applications? What are achievable capital cost and round trip efficiencies of such a system? What level of demonstration of such systems is necessary to enable private-sector adoption?
b. For component development, it may be necessary to develop a test facility where novel parts can be tested under relevant conditions. What should be the size, scale and testing capabilities of a TES test bed that could enable sufficient de-risking of component performance to enable commercial production?
3) What opportunities exist to develop PTES systems with an ambitious system round trip efficiency (> 70 % electric-to-electric) and thermal energy storage cost lower than those technologies currently in use by the CSP industry? What thermodynamic operating regimes present the greatest opportunities? What efficiency and cost is necessary to achieve market relevance as a standalone storage unit? For any specified embodiment, what are the critical technical risks to investigate which could enable high round trip efficiency systems? 
Category 3: Materials and Manufacturing for CSP 
The LCOE of electricity generated by CSP is limited by high CAPEX costs and financial risk of both performance, as well as construction and commission delays due to limited experience or unexpected complexity of construction. These concerns are expected to be exasperated as Gen3 CSP concepts may push the limits of material capabilities at temperatures between 700 and 800 °C. The capital cost targets for each sub-system are detailed in Figure 1, above. In response to this Topic, please indicate the extent to which there are potential manufacturing and materials innovations that are relevant to:
1. Solar Collector Field and associated components (mirrors, supports, drives and control systems)
2. Receiver and associated components (piping, pumps, tower structure, insulation, heat tracing, headers, and valves)
3. Heat Transfer Media and associated components (piping, pumps, corrosion mitigation if necessary)
4. Thermal Energy Storage and associated components (insulation, structural support, pumps, ullage system)
5. Power Block (including the primary heat exchanger and dry cooling systems)
Two complementary approaches may be taken to achieve lowered costs, both of which are of interest in this RFI. Please indicate, in addition to relevant subsystems, which of the two following strategies replies are in response to:
A. Manufacturing of materials new to CSP. The development of materials that have not been previously applied to CSP use cases. Materials of interest should have identified manufacturing pathways that could potentially be expanded to commercial scale at competitive costs. For each component for the power tower systems, what areas of development in materials can improve the performance and reduce cost?
B. Novel manufacturing methods of known CSP materials. The development of novel manufacturing techniques that could dramatically lower the cost of known materials that are already being used for CSP or other similar applications. What specific advances in novel manufacturing methods for each specific subcomponent of a CSP plant would lead to performance improvement and lead to capital cost reduction?
Category 4: Autonomous Solar Collector Fields 
Solar collector fields, based on heliostats concentrating light on a central receiver, are highly complex systems, which can have many energy loss mechanisms due to sub-optimal design or operation. These may include flux spillage due to imprecision or inaccuracy in aiming; canting and tracking or pointing errors stemming from errors in construction or degradation of parts; unpredictable or frequent soiling events. In many plants currently in operation or construction, these losses are dealt with by overdesign of the heliostat field, additional manual correction of heliostat errors can be highly labor and time intensive. Autonomous control (of the collectors and their interaction with the receiver) may enable plant designers and operators to achieve practical optical and thermal efficiencies approaching the system design point. This will not only help to achieve higher concentration ratios at the receiver, but also assist in reducing the cost of the solar field. Complementary technologies, that enable autonomous operation, like remote surveying (with non-intrusive optics) of a collector field may also help to provide a more refined level of control of heliostat pointing accuracy. Potential technologies should enable the cost and performance targets noted in Figure 1, above.
While it is likely that impactful autonomous solutions will be most beneficial to heliostat technology, responses to the questions below that address parabolic trough or other solar collector technologies are welcome.
1) What are the biggest challenges/barriers to designing and demonstrating a fully autonomous solar field that can do quick canting and tracking error adjustments, monitor soiling and implement automated washing, and other autonomous controls to minimize optical losses and minimize flux losses at the receiver? What improvements could have the most significant impacts on LCOE?
2) To what extent is wireless communication a pre-requisite for autonomous solutions? What are the key risks (e.g. security, reliability) that have to be addressed to bring wireless communication mainstream?
3) As tracking error tends to increase over time and is typically manually corrected, what opportunities exist for autonomous solutions to improve the speed of calibration at reduced costs?
4) Are improved tools needed (either metrology or analytical software) for direct assessment and verification of flux spillage and/or thermal performance of power tower receivers, as opposed to modeling and comparison of plant performance versus predicted performance? What opportunities or solutions exist?
5) Is there a need to better characterize atmospheric attenuation, in real time, due to particulates, etc. and its impact on solar field performance?
6) What technology solutions exist to enable autonomous inspection and cleaning of heliostats that could lead to significant LCOE reduction?
7) For incumbent receivers, are there technology solutions for autonomous in-situ monitoring and characterization and control of thermal losses due to both external and internal effects, which would lead to a significant reduction in LCOE?
Request for Information Response Guidelines 
To respond to Topic 3: Concentrating Solar Thermal-Power, please email your response to SETO.RFI.CSP@ee.doe.gov no later than 12:00pm (ET) on January 7, 2019. Responses to this RFI must be submitted electronically and provided as attachments to an email. It is recommended that attachments with file sizes exceeding 25MB be compressed (i.e., zipped) to ensure message delivery. Responses must be provided as a Microsoft Word (.docx) attachment to the email and have 12 point font, 1 inch margins. Only electronic responses will be accepted.
Please identify answers by responding to a specific question or topic if applicable. Respondents may answer as many or as few questions as desired at their discretion. 
EERE will not respond to individual submissions or publicly publish a compendium of responses. A response to this RFI will not be viewed as a binding commitment to develop or pursue the project or ideas discussed.

Respondents are requested to provide the following information at the start of their response to this RFI:
· Company / institution name; 
· Company / institution contact; 
· Contact's address, phone number, and e-mail address.





__________________________________
This is a Request for Information (RFI) only.  EERE will not pay for information provided under this RFI and no project will be supported as a result of this RFI.  This RFI is not accepting applications for financial assistance or financial incentives.  EERE may or may not issue a Funding Opportunity Announcement (FOA) based on consideration of the input received from this RFI.
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