[bookmark: _GoBack]Statement of Project Objectives (SOPO):
Instructions to Applicants


I. General Information

The statement of project objectives (SOPO) is a description of the work to be completed under an agreement with the SunShot Initiative. SOPOs are used during the merit review process to determine the suitability of the work plan towards the successful achievement of a project’s proposed objectives. The SOPO forms the basis for negotiations with SunShot Initiative in such case that an application is selected for negotiation. Following selection and negotiation, the SOPO provides an outline of the work plan that will be evaluated during project monitoring. 

If selected for negotiations leading to an award, applicants may be required to submit a project management plan (PMP) as an addendum to the SOPO. The PMP is a Gantt-chart-like summary of the SOPO technical work plan that includes additional information about the work timeline, identifies the points of contact for each task and projects dates for completion of milestones (see the separate instructions for the PMP in the PMP Excel template).

Section II of this document includes a general description of a SOPO. Section III outlines formatting information for submission of a SOPO. Finally, Appendix A, includes an example of a SOPO for reference.

II. Description of a SOPO

The SOPO is organized into three main sections: title page, project overview, and technical work plan. The information in the SOPO must be consistent with the application upon which the award is based.  The SOPO should be brief and concentrate on substantive information. The following items should NOT be included in the SOPO: budgets, costs, specific dates, names of subcontractors, or intellectual property. 

The SOPO must contain scientific disclosure of the research and development to be conducted. A strong SOPO describes work that is repeatable, quantifiable, provides numbers given in absolutes, and includes only previously defined acronyms (i.e., “the project team will deposit a SiOxNy anti-reflective coating by atomic layer deposition”; or “the project team will improve the short-circuit current to 20 mA/cm2”). Some examples of weak SOPO materials include: “we will deposit a proprietary anti-reflection coating using a process that is a trade secret”; “we will improve our solar cell”; “we will improve the short-circuit current by 20%”; or “we will improve Jsc by using an ARC before encapsulation.” The SOPO may be the subject of a Freedom of Information Act Request. In such case, the Department of Energy will work with applicants/awardees to redact any intellectual property that might be compromised.

III. General Formatting Instructions

The SOPO must be submitted as a .pdf, .doc or .docx attachment to the EERE eXCHANGE at https://eere-exchange.energy.gov/. When preparing a SOPO, use Times New Roman font with a 12-point font size and maintain 1-inch margins on all sides. Organize the SOPO into the following three sections: title page, project overview, and technical work plan. Please note that a Project Management Plan is a supplemental document to the SOPO. 


a. Title Page Format 

The SOPO must include a one-page title page. This must include the announcement number, the applicant's project title, the award recipient number, the name and type of organization, the principle investigator contact information (i.e., postal address, telephone and fax numbers, and email address), two to three sentences describing the technical area addressed, and the duration of the award.

b. Project Overview Format

The SOPO must include a one-page project overview that is divided into three parts: background, objectives, and statement of novelty. 

In the background section, explain how the project meets the objectives of the SunShot Initiative. Explain the history and state of the art of the proposed technology focus. Please do not use this section to discuss the merits of solar energy in general. In the objectives section, provide a high-level narrative of the objectives of the project. The objectives must be quantitatively compared to the current state of the art. In the statement of novelty section, describe the novel approach used to meet the project objectives.

c. Technical Work Plan Format 

The SOPO must include a technical work plan that is approximately 3-5 pages in length. The plan itself is divided into a specific number of performance periods outlined in the Funding Opportunity Announcement. The content of the technical work plan includes tasks, subtasks, milestones, go/no-go decision points, and final deliverables.

The technical work will be divided into a specific number of performance periods. The length of each performance periods is determined by the duration of the project. For two-year, three-year, and four-year projects, the technical work plan must be divided into 12-month, 18-month, and 12-month performance periods, respectively. 

Within each performance period, a series of distinct and interrelated tasks and subtasks are given. At the end of each period, milestone(s) and go/no-go decision point(s) or final deliverable(s) are given. 

Definitions:

Tasks describe the most general themes of work that will be completed in order to meet the project’s objectives. A task describes what needs to be done. A subtask offers a technically detailed breakdown of the work to be done to complete a task. A milestone can represent the successful advancement of several interrelated tasks (phase-related milestone), or be tied to a single task or subtask (task-related milestone). Milestones can show advancement at interim points or cumulative advancement the end of a task or performance period. A go/no-go decision point or a final deliverable should demonstrate the cumulative accomplishments of all the tasks in a given period.

i. Task Format

A strong technical work plan includes a series of interrelated tasks, each of which is properly formatted. Each task must be distinctly identified. Each task must include a task number and a task title. A strong technical work plan includes a description of the task and identifies the approach that will be used to complete it. 

ii. Milestone Format

A strong technical work plan includes milestones that are quantifiable in absolute terms, when possible. Each milestone should have a unique label and number (i.e. 2 or 2.1). A milestone can represent the successful advancement of several interrelated tasks, or be tied to a single task or subtask. Milestones show advancement at interim points or cumulative advancement at the end of a task or performance period.

iii. Go/No-Go Decision Points Format

A strong technical work plan includes go/no-go decision point(s) that may be independently verifiable and are primarily used to demonstrate the progress made through the course of a performance period. If hardware related, the go/no-go decision point(s) must be related to a physical specimen. If software related, the go/no-go decision point(s) must be related to a physical copy of a code or a completed set of simulation results. 

A strong technical work plan includes go/no-go decision points that relate a physical specimen, computer code or simulation result to one or more of the following characteristics that demonstrate measurable technological progress: efficiency, uniformity, yield, stability, material utilization. Please note that the aforementioned list is non-exhaustive. A weak technical work plan includes go/no-go decision points that relate to reports, exploratory experiments, or unverifiable data.

iv. Final Deliverable Format

The formatting for the final deliverable is exactly the same as for that of the go/no-go decision point excepting: the final deliverable appears at the end of the last performance period in lieu of a go/no-go decision point. The final deliverable should be a significant achievement that, at minimum, warrants publication in a competitive, peer-reviewed publication or the development of intellectual property.
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The following pages contain a sample statement of project objectives.
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This project seeks to address the efficiency barriers associated with solution-processed devices based on organic molecules. It involves the development of nanoparticle-based charge-recombination interlayers to achieve lab-scale devices with 10% efficiency.


Project Overview

a. Background

	This research addresses a cost barrier towards achieving a photovoltaic system with an installed cost of $1/Watt. Specifically, this research overcomes a cost barrier by fabricating charge-recombination interlayers for use in multi-junction organic photovoltaic systems with small pinholes and large electrical homogeneity.  Current state of the art organic solar cells are fabricated with a sol-gel process for deposition of selective interlayers within the tandem device. These interlayers serve as the charge-recombination centers during device operation. Formation of metal oxide thin-films through the sol-gel process is known to generate cracks and other defects. These defects throughout the film create losses in device efficiency through increased recombination current and decreased fill factor. This problem is magnified in the scaling of research grade cells to sub-modules, where decreased resistivity and improved process controls are needed.

b. Objectives

	The objective of this research is to employ colloidal metal nanoparticles to uniformly deposit recombination interlayers via a layer-by-layer process. Resulting from its low cost and abundance, the metal nanoparticles will be based on iron oxide. The metal nanoparticle thin-films will be constructed with low pinhole density, with thicknesses approaching 10 nm, and without the development of macroscopic cracks. In addition, the project team will fine tune the sizes of the nanoparticles within the layers so that an energetic gradient will be formed. This will allow for the interface energetics to be better matched. Using this technique the project team will increase the conversion efficiency of state of the art solar cells from their present value of 7.6% to 10.0%.

c. Objectives

	The novelty of the proposed research is the use of colloidal metal nanoparticles to uniformly deposit recombination interlayers via a layer-by-layer process. This may be compared with the current state-of-the art which relies on a sol-gel process.









2. Technical Work Plan

BUDGET PERIOD 1 (18 months)
Task 1:  Synthesis development of colloidal nanoparticles 
The project team will develop syntheses of iron oxide metal nanoparticles. Focus will be placed on developing highly pure fractions of nanoparticles of varying sizes, as determined via ultra-violet/visible spectroscopy (UV-Vis), high resolution transmission electron microscopy (HRTEM), and thermogravimetric analysis (TGA). The nanoparticle fractions will be suspended in solvents that neither the acceptor or donor materials are soluble within. Relevant subtasks and milestones include:
· Subtask 1.1:  Synthesize ~6 nm diameter iron oxide nanoparticles.
· Subtask 1.2:  Develop synthesis of iron oxide nanoparticles of varying diameter (4, 6, 8, and 10 nm).
· Milestone (Task 1):  Development of four procedures for the syntheses of iron oxide nanoparticles of varying diameter (4, 6, 8, and 10 nm, +/- 1 nm). Confirmation of success will come from UV-Vis, HRTEM, and TGA results.

Task 2:  Interface energetics optimization of nanoparticle/organic interface 
The project team will optimize the interface energetics between the nanoparticle systems and the corresponding organic systems. The fundamental parameters (work function, ionization potential, electron affinity) of the organic systems have already been determined. This will be conducted via direct and inverse photoemission studies (UPS/IPES). Relevant subtasks and milestones include: 
· Subtask 2.1:  Determine work function, ionization potential, and electron affinity of iron oxide nanoparticles of different sizes.
· Subtask 2.2:  Develop a model for organic/nanoparticle/organic interface energetics.
· Milestone (Task 2):  Selection of a nanoparticle system that allows for favorable device operation based upon the band-edge offset diagram generated from experimental data. Favorability will be determined by energy level alignment between the acceptor of the bottom cell (at least 0.2 eV mismatch at conduction band) and the donor of the top cell (at least 0.2 eV difference at the valence band).

Go/No-Go Decision Point 1:  Deliver an energy map showing favorable energetics at the nanoparticle interlayer/molecule interface. Favorable energetics will be defined as having at least a 0.2 eV difference between the conduction bands of the bottom cell and the valence bands of the top cell. 

BUDGET PERIOD 2 (18 months)
Task 3:  Lab-scale nanoparticle thin-film deposition protocol 
The project team will develop the deposition protocol for metal nanoparticles in laboratory-scale equipment. This will include retrofitting the current production lab-scale system and process optimization for deposition. Relevant subtasks and milestones include:
· Subtask 3.1:  Retrofit roll-to-roll (R2R) applicator with new liquid volume delivery systems and UV curing lamps.
· Subtask 3.2:  Calibrate nanoparticle solution volume delivery.
· Milestone (Subtask 3.2):  Deposition of nanoparticle solution over a meter-wide flexible substrate to give a 10 nm thick film, +/- 2 nm.
· Subtask 3.3: Measure a variety of nanoparticle thin-films via four-point probe measurements and optimize the system to obtain sheet resistance values of < 100 ohms/sq. 
· Milestone (Task 3):  Demonstrate optimized film with both deposition of a 10 nm +/- 2 nm thin-film based on iron oxide nanoparticles of chosen size, and with a sheet resistance < 100 ohms/sq. over a substrate that is at least a meter wide.

Task 4:  Lab-scale nanoparticle thin-film deposition optimization 
The project team will evaluate performance of devices based upon optimized conditions for nanoparticle interlayer deposition. The subtasks include:
· Subtask 4.1:  Fabricate R2R devices with 1.0 cm2 device area and at least 10% lab certified device efficiencies.
· Subtask 4.2:  Fabricate R2R sub-modules with a device area of 225 cm2 and an efficiency of at least 6%, lab certified.
· Subtask 4.3:  Obtain device (1.0 cm2) and sub-module (225 cm2) National Renewable Energy Laboratory (NREL) certified efficiencies of at least 10.0% and 6.0%, respectively.
· Milestone (Task 4):  Demonstrate a 1.0 cm2 device with an NREL certified efficiency of 10.0% under standard testing conditions (ASTM G173).

Final Deliverables:
· Final Deliverable 1:  A tandem organic photovoltaic device (1.0 cm2) with an NREL certified efficiency of 10.0%.
· Final Deliverable 2:  A tandem organic photovoltaic sub-module (225 cm2) with an NREL certified efficiency of 6.0%.

