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Welcome to this First Thursday Update on Strategic Planning for Renewable
Energy Deployment. This First Thursday Update will include a special emphasis
on the Renewable Energy Optimization services (also known as REopt).

I’'m Brad Gustafson, Supervisor of Technical Services for the U.S. Department of
Energy’s Federal Energy Management Program.

| will be one of your instructors for today’s First Thursday Update.

FEMP’s Renewable Energy Projects and Technologies
http://energy.gov/eere/femp/federal-renewable-energy-projects-and-technologies

Executive Order 13693
https://www.whitehouse.gov/the-press-office/2015/03/19/executive-order-
planning-federal-sustainability-next-decade

E.O. 13693 Implementing Instructions
https://www.whitehouse.gov/sites/default/files/docs/eo 13693 implementing ins

tructions june 10 2015.pdf
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Our instructors for today’s update are Kate Anderson and Rachel Shepherd.

Kate is a seniorengineerand manager ofthe energy and modeling group atthe
National Renewable Energy Laboratory.

Rachel Shepherd is the renewable energy program manager at FEMP.

We'll be hearing from both of them shortly.




Here are the learning objectives for this First Thursday Update. Please take a
moment to review them on your screen.

REopt enables enterprise-wide evaluations and cataloging ofrenewable energy
opportunities.

Today we will provide some real world projectexamples and information to help
you get started using REoptservices.




Before we get started, here are a few housekeeping items.

To download the presentations, click the link titled “Instructor PowerPoints” in the
lower left box of your screen.

During the session send in questions or commentsin the center box below. We
will collectall of them, sort and organize them, and send responses to all of the
participants.

At the conclusion, please click the linkin the lowerrightbox, to complete a brief
evaluation and quizand receive a Certificate of Completion.

After this presentation, an archived version of this First Thursday will be
available forviewing.

The archived version will include a course supplementcontaining resources and
links.




Here’s the order of today’s presentations:

| will start with the requirements of Executive Order 13693 and an overview of
renewable resources, as well as a summary of clean energy goals.

Next, Kate Anderson will presentthe capabilities and features of REopt and
provide a few successful examples of how REopt was used in the publicand
private sectors.

Finally, Rachel Shepherd will talk about FEMP tools and resources, as well as
Strategic Partnership opportunities thatmay be available to you.




FEMP’s Renewable Energy Projects and Technologies
hitp://energy.gov/eere/femp/federal-renewable-energy-projects-and-technologies

Executive Order 13693
https://www.whitehouse.gov/the-press-office/2015/03/19/executive-order-

planning-federal-sustainability-next-decade

E.O. 13693 Implementing Instructions
https://www.whitehouse.gov/sites/default/files/docs/eo 13693 implementing ins
tructions june 10 2015.pdf
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Renewable energyis everywhere. Based on the varied geography ofthe United
States, there is vast potential for increased use of differentrenewable energy
technologies.

Available natural resources are substantial and dependenton the location of
your site.

REopt services can help you determine the greatestpotentials at your site, the
best technologies, and the lifecycle costs and benefits?

Kate will discuss these topicsin detail.

FEMP Renewable Energy Screening Map:
http://www.nrel.gov/gis/maps.html



http://www.nrel.gov/gis/maps.html

In FY 2013, 9.2% of total federal electricity came from
renewable sources. This illustration shows the breakdown of

those sources.

Federal agencies have done an excellentjob increasing the use of renewable
energy. But there is much more that can be done!




E.O. 13693 revised the federal renewable energy goals by
increasing the goals from previous Executive Orders.

The Order requires that a certain percentage of federal
building electric energy consumption comes from renewable
electric energy.

This chart shows that agencies must increase their use of
renewable electric energy by 5% every two years.

Agencies must obtain no less than 30% of total facility
electrical energy use from renewable energy sources by
2025.




This is how E.O 13693 definesrenewable electricenergy. It's electricity
produced ordisplaced by the technologies listed here.
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There are four options explicitly cited in Section 3 of the Executive Order to meet
the new renewable energy goals.

Here they are listed in order of priority:
1. When feasible, agencies should install agency-funded renewable energy

systems on-site, and retain corresponding Renewable Energy Certificates—
or RECS.

2. If thisis not possible, agencies should contractto purchase energy
generated by another Federal installation, and retain corresponding RECS.

3. As alower priority, agencies should purchase electricity and corresponding
RECS from a non-federal entity.

4. Finally—if none of these options are possible- agencies should purchase
RECS.
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In addition to the renewable goals, E.O. 13693 also
established clean energy targets for federal facilities.

Agencies must ensure that a percentage of their facilities
total electric and thermal energy is clean energy from
renewable or alternative sources.

Rather than a 5% increase every two years,
there is a gradual, accelerated target, no less

than 25% by 2025.
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The Order defines “Clean Energy”as renewable electricenergy and alternative
energy.lts use is determined by the formula shown here.

Alternative energy technologies are defined as shown and can be updated by
petitionto CEQ as new technologies enterthe marketplace.
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Executive Order 13693 also outlines additional alternative energy strategies that
agencies should follow.

Where feasible, agencies should attemptto:

1. Install thermal renewable energy on-site, such as solar hot water, and
production of steam using biomass. As with the renewable energy goals, the
environmental attributes mustbe retained.

2. Install Combined Heatand Power on-site.

3. Install fuel cell systems on-site.

Agencies can also implementother alternative energy approaches thatadvance
the policy. For example, agencies could purchase electricity produced by small

modular nuclearreactors or a fossil generating facility that includes carbon
capture and storage.
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Now, let me turn over the presentation to Kate Anderson, who will provide an
overview of REopt.

REopt Website
http://www.nrel.gov/tech deployment/tools REopt.html

Renewable Energy Optimization (REopt) Fact Sheet
http://www.nrel.gov/docs/fy140sti/62320.pdf

REopt: A Platform for Energy System Integration and Optimization
http://www.nrel.gov/docs/fy140sti/61783.pdf
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Thanks Brad.

Next, we'd like to spend some time talking about the REopt energy planning platform,
gnd hpt;/vc}t can help agencies develop a strategy to meet energy goals, like those Brad
escribed.

REopt is a techno-economic decision support tool developed at the National
Renewable Energy Laboratory. It is used to inform energy decisions throughout the
energy planning process.

There are two key elements that set REopt apart from other tools.

First, it evaluates multiple energy technologies at the same time, rather than evaluating
each individually. This allows usto develop integrated solutions and examine how
combinations of technologies can work together toward an energy goal.

Second, REopt’s optimization capabilities allow us to identify the lowest costapproach
to meeting energy performance goals. We do not need to know up front which
technology to focus on, or the size of that technology. Instead, REopt optimizes to find
the most cost-effective type and size of technology for a given site.

We use REopt throughout the energy planning process, starting with high level master
planning or portfolio-level analysis on the left, and moving to more detailed analysis
supporting project development and microgrid operation on the r'?ht. By usim}; one
platiorm, analysis costand time is reduced, because the data collected for initial
planning can be continually refined throughout the process and used for more detailed
analysis.

I'll describe each of these stages in more detail on the following slides.
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At the master planning stage, we help clients develop an agency-level strategy
to meeting their energy goals. This could include achieving 30% renewable
electricity, getting to carbon neutral, or simply reducing lifecycle costs of energy.

RE feasibility depends on a number of factors— currentand future utility energy
costs, RE costs, incentives, utility policies around netmetering and
interconnection, site energy consumption, site land availability and constraints,
renewable energy resources—and all ofthese vary across an agency’s portfolio
of sites

For agencies with many sites, often geographically distributed sites across the
nation or the world, it can be quite challenging to figure outwhere to start.

REopt combines all these factors to screen RE opportunities across the
agency’s portfolio of sites, and then prioritizes the top options for further study.

REopt also estimates the cost of meeting energy goals. For example-does this
require a $1 million dollarinvestmentora $1 billion dollarinvestment? Over the
lifecycle of the projects, am | going to pay more or less than | would for utility
energy?

17



Once we have a prioritized listof opportunities and know where to focus
additional time and resources, we move on to the projectdevelopmentphase.

At this stage, we refine the data for each site, for example collecting 15-minute
load data and complex utility rate tariffs.

Based on this more detailed data, we refine the recommendations for
technology type and size, and estimate installation and operating costs for the
project.

If the projectinvolves a dispatchable technology, like a battery, we recommend
operating strategies to maximize economicreturns.

This could be by shaving demand during peak periods of shifting energy
consumption to lower time-of-use periods.
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For sites that have an energy security or resiliency goal, we can also go a level
deeper, evaluating how the RE assets can help extend the amountof time a site
can survive and outage.

We can also size generation and storage to meet a resiliency goal-such as
supporting a critical load for a specified period of time—while also providing
economic benefitduring grid-connected operation.
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REopt evaluates both thermal and electric renewable energy technologies.

This includes 3 solartechnologies— photovoltaics, solar hotwater, and solar

ventilation preheating— as well aswind, biomass, waste to energy, landfill gas,
and ground source heat pumps.

REopt also includes diesel and natural gas generators for energy security
analysis, as well as electricand thermal storage.

Utility electricity and thermal fuel options like natural gas and propane are
modeled, as well.
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The inputs to REopt are a combination of data about each site provided by the agency, as well
as data drawn from NREL and otherdatabases.

Typically, at the master planning stage, the agency provides a list of sites, along with the location
of each site; annual electric and thermal energy consumption and cost; and estimates of space
available for RE, such asland orroof area.

For more detailed anal¥ses, sites provide refined data including 15-minute load dataand
complex utility rate tariff structures.

NREL then pulls renewable energy resource data, including the amountof solar, wind, and
biomass available at each site, fromits GIS database.

Costdata comes from NREL research and cost models, as well as databases of installed project

costs, which are continually updated to stay currentwith market conditions. Costs typically vary
with system size, with larger systems experiencing economies of scale.

Incentives data comes from the Database of State Incentives for Renewable and Efficiency, or
DSIRE, funded by the Department of Energy and operated by the North Carolina Clean Energy
Technology Center.

Depending on the ownership scenario we are evaluating—agency-owned or third party owned--
we apply the appropriate federal, state, and local incentives.

In coordination with the client, we select appropriate analysis goals, such as achieving 30%
renewable electricity.

I(B%elr&tlizv)es data comes from the Database of State Incentives for Renewable and Efficiency
http://wWw.dsireusa.org/
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Based on this data, REopt then evaluates the optimum energy mix at each site
and provides the minimum cost solution that meets the energy goals.

REopt recommends a technology or set of technologies for each site, including
the size (for example 100 kW), the initial cost, the lifecycle cost, and the net
presentvalue.

For dispatchable technologies, like storage, REoptalso recommends a dispatch
strategy for when to operate the technology, such as when to charge or
discharge the battery.

Based on the recommendations ateach site, opportunities are then prioritized
across the whole portfolio. The prioritization depends on the agency’s goals, but
is often based on net presentvalue.

Those sites with the highestnet presentvalue are prioritized first because they
representthe largestpotential cost savings.

REopt also provides an estimate of the cost to meet the agency’s energy goals.
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REoptis not available for use outside NREL. Instead, itis run by NREL as an
analysis service for clients.

REopt has been used to assess opportunities at over 8,000 sites to date.

Some of the agenciesthat have used REopt are listed on the screen, including
federal agencies, private companies, universities, and communities.
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So why do agencies use REopt?

Achieving carbon and energy reduction goals often requires a large investment,
and there are many different technology options and potential projectlocations.
Choosing the wrong options could be quite costly.

REopt helps agencies save time and money by quickly evaluating different
scenarios, modeling how differenttechnologies work together, modeling how
technologies interact with utility markets, and incorporating constraints such as
limits on technology types or system size.

REopt helps agencies to prioritize options for future study, identifying fatal flaws
early on so agencies do not sink additional time and money into pursuing
technically oreconomically infeasible projects.

For agencies with energy goals, REopt identifies the most cost-effective path to
meeting a goal, and provides a preliminary strategy for agencies to follow.
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So, what does the REopt screening process look like?
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First, we work with the agency to define the goals of the analysis.

This could be Net Zero energy, carbon neutrality, or simply minimizing energy
costs.

Second, we collectand review data on each site, including energy consumption
and cost, land availability, and incentives data.

Next, we run a first iteration of the analysis, and then review these results with
the client. Often at this point, we update the data for some of the sites.

For example, the client mightrealize that only part of the land initially submitted
is actually available for development, orthat a nearby air field restricts
developmentofwind turbines above a certain height.

After we’ve revised the data, we run additional iterations to refine the analysis
and develop a prioritized list of opportunities.
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Once we have this list, we move on to implementation, selecting sites for more
in depth assessment, and then supporting projectdevelopmentthrough energy
savings performance contracts, utility energy service contracts, power purchase
agreements, or appropriations.
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REopt provides the systems-level analysis, allowing agencies to explore the
landscape, understand tradeoffs, and know where to look for the best
opportunities.

REoptis not, however, a final answer.

Instead, REoptis meantto directfollow on in-depth analysis to those sites with
the best chance of success.

Before implementing a project, an agency will typically conducta more detailed
study, for example using technology-specific models to develop detailed system
designs, financing models to develop detailed pro-formas, building models to
look at the impactof operating strategies, and grid models to evaluate the
impact of the projecton system stability.
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Now that you have some background on the REoptmodel itself, I'd like to show
you some case studies of how REopthas been used.
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The National Park Service used REoptto screen 320 parks for renewable
energy opportunities.

The results were used to select3 sites for more detailed site assessments.

FEMP and NREL continue to work with NPS to prioritize opportunities and
supportproject development.

Here’s whatShawn Norton, the Branch Chieffor Sustainable Operations and

Climate Change atthe National Park Service, had to say aboutthe REopt
analysis.
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Next, I'd like to talk abouthow we used REopt to help the Army and Navy meet
their renewable energy goals.

When we started working with them, they were interested in both minimizing
their lifecycle cost of energy, as well as achieving netzero at their installations.
They later each developed goalsto install 1 gigawattof renewable energy.

They used REopt to identify and prioritize cost-effective projects to meet these
goals, as well as to estimate the cost of meeting these goals.
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We helped the Army and Navy by collecting initial data and running REoptto
develop a ranked list of projects.

We then worked with specific sites to verify the data and results, adjustinputs
where needed, and re-run the analysis to develop a revised list of projects.

We often don’thave perfect data upfront, so the REopt analysisis typically an
iterative planning process, where we continue to refine the results as more
accurate data becomes available.

For the Army and Navy, the REopt screenings catalyzed developmentofover
260 MW of renewable energy on Army and Navy installations.
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One example is at Marine Corps base Camp Lejeune.

NREL worked with the Navy and U.S. Marine Corpsto conduct an renewable
energy screening of ninety-one Navy and Marine Corps bases.

Marine Corps Base Camp Lejeune was identified as a top opportunity in this
screening. Following a more detailed site assessmentand feasibility study, the
Navy and Marine Corps are developing a 13 MW (AC) solar facility at Camp
Lejeunein partnership with the utility Duke Energy. The facility will be owned
and operated by Duke Energy.

The projectwill help Duke Energy further its commitment to RE, diversify its
energy mix, and meet the North Carolina Renewable Energy and Energy
Efficiency Standard. The project will provide greaterresource availability and
diversityto Camp Lejeune while helping the Navy meetits 1 GW RE goal.
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Anotherexample is the Army’s Fort Huachuca.

NREL’'s REopt screening forthe Army Office of Energy initiatives identified Fort
Huachuca as a top candidate for photovoltaics.

After conducting a more detailed evaluation ofthe site, the U.S. Army awarded a
contract to Tucson Electric Power (TEP) to buildan 18 MW PV system in 2014.

At the time of construction, this was the largestU.S. Departmentof Defense
solararray on a military installation, representing about25% of the annual
installation electricity requirement of Fort Huachuca.

The projectpromotes the Army’s energy security and sustainability strategy to

position the Army to enhance its current and future capabilities, readiness, and
performance.
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While the previous slides highlight successful projects, those projects that REopt
screened out are just as importantas the feasible projects identified.

This quote from a staff member supporting Army Office of Energy Initiatives
highlights thatidentifying fatal flaws and excluding nonviable projects early on
allows agencies to focus limited resources on pursuing and deploying the
projects with the highestchance of success.
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In addition to supporting developmentof projects toward the Army’s renewable
energy goals, we also helped the Army to evaluate the impactof RE projects on
the resiliency of theirbases. For example, at one base we looked athow adding
renewable energy alongside conventional generation in a microgrid can extend
the amountof time the base could survive a grid outage.

The length of outage you can survive varies depending on when the outage
starts, because the load and the solarresource are differentat different times of
the year.

We looked at random outage start dates and durations throughoutthe year, and
found that augmenting the diesel generators with PV and batteries extended the
length of time the site could survive an outage.

This graph shows the probability of surviving an outage of a given number of
days, with the probability on the Y-axis and the length of outage on the X-axis.
We found that adding PV and batteries extended the time the base could survive
the outage by 1-4 days.
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We’ve looked at a couple of federal examples, but REopt analysis services are
available forany organization, federal or non-federal.

Hereis an example of how the private sector is also using REopt.

Arizona State University used REopt to evaluate carbon reduction pathways
towards meeting its goal of 100% mitigation of energy emissions by 2025.

We looked at least-cost solutions for a range of carbon reductions, from 25% to
100%, and conducted what-if scenarios around differentload growth projections,
RE costs, utility costs and incentives.

The analysisis helping ASU develop a strategy toward their 100% mitigation
goal.
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That concludes my portion of the webinar. For more information on REopt,
please feel free to contact me or visit the links you see on your screen for
additional information.

If there are attendees that have had a REopt screen performed for their agency
already, we’d like to hear from you aboutwhetheryou’ve implemented any ofthe
projectsidentified in the REopt screen,and how we can further assist you in
developing projects.

Now I'd like to turn it back over to Brad for additional information on requesting
FEMP’s assistance.

Cost-Optimal Pathways to 75% Fuel Reduction in Remote Alaskan Villages
http://www.nrel.gov/docs/fy160sti/64491.pdf

NREL Helps Federal Agencies Reach New Efficiency Targets
http://www.nrel.gov/news/features/2015/19546

How Solar PV Can SupportDisaster Resiliency
https://www.nrel.gov/tech deployment/state local governments/blog/how-solar-

pv-can-support-disaster-resiliency
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And now, to tell you aboutsome additional FEMP’s services, here is FEMP’s
Renewable Energy Program Manager, Rachel Shepherd.
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FEMP provides many tools and resources that federal agencies can use to
leverage theirresults from REoptand deploy renewable energy projects and
technologies. Today we will be discussing FEMP’s guidance for project planning
and implementation, as well as requesting projectassistance.

The FEMP website is a great resource for learning about projectfinancing
mechanisms, renewable energy technologies, resource maps, screening tools,
and purchasing renewable power.

FEMP’s Renewable Energy Projects and Technologies
http://energy.gov/eere/femp/federal-renewable-energy-projects-and-technologies

Renewable Energy Project Assistance from FEMP
http://www.energy.gov/eere/femp/federal-energy-management-program-
renewable-energy-project-assistance
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FEMP has developed three guides to help federal agencies successfully plan and
implement renewable energy projects.

The first is a “Guide to Integrating Renewable Energy in Federal Construction”. This
document helps federal agencies understand renewable energy options, select
approlﬁ)riate types of renewable energy technologies, and integrate these technologies
into all phases of new construction or major renovation projects.

FEMP also provides guidance for “Small- to Medium-Scale Federal Renewable Energy
Projects”. This guidance is for projects that are less than 10 megawatts, and includes
nine steps of instruction for planning and implementing projects. By utilizing the REoPt
tool you will have already completed the planning phase of the guide, which are the first
two of the nine steps.

The guide to “Developing Renewable Energy Projects Larger than 10 MWs at Federal
Facilities” provides a project development framework to allow the federal government,
private developers, and investors to work in a coordinated fashion on large-scale
renewable projects. The purpose of this guide is to define key elements that compose a
successful, financially attractive, large-scale renewable energy project.

Guide to Integrating Renewable Energy in Federal Construction
http://www.energy.gov/sites/prod/files/2013/10/f3/re construction quide.pdf

Small- to Medium-Scale Federal Renewable Energy Projects
http://www.energy.gov/eere/femp/small-medium-scale-federal-renewable-energy-

projects

Developing Renewable Energy Projects Larger than 10 MWs at Federal Facilities
http://www.energy .gov/sites/prod/files/2013/10/f3/large-scalereguide.pdf
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FEMP offers several services for planning and implementing renewable energy
projects. During the planning phase, FEMP can help develop and supportyour
overall agency, sub-agency, orregional strategicinvestmentplan.

FEMP also provides assistance for site specific projects such as a feasibility
study or interconnection and grid integration assistance.

Renewable Energy Project Assistance from FEMP
http://www.energy.gov/eere/femp/federal-energy-management-program-
renewable-energy-project-assistance
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FEMP assists with projectimplementation, as well. We can supportyou from the
initial step, which is a requestfor proposal, through the final step, which is the
performance period.

To find out all of FEMP’s project assistance services, please goto FEMP’s
Renewable Energy Catalog of Services. The link can be found in the box below.

FEMP’s Renewable Energy Catalog of Services
http://www.energy.qov/sites/prod/files/2015/03/f20/re catalog of services.pdf
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You may already have access to technical services and project assistance
through a Strategic Partnership Agreement, formally known as Work-for-Others
Agreement.

This is an agreementbetween a federal agency and the Departmentof Energy
to work directly with each other. The agreementallows an agency access to
NREL’s technical services and projectassistance team, which includes REopt
screenings.

If your agency has a Strategic Partnership Agreementin place, a REopt
screening may have already been completed. Please contact Kate Anderson or
myself if you would like to find out if a REopt screening has been completed that
is applicable to you, if you are interested in learning more about Strategic
Partnership Agreements, orif you have any other questions about FEMP
assistance.

Both our contact information will be provided atthe end of this presentation or
you can request to be contacted by someone from FEMP when you take the
course evaluation.

Learn more abouta Strategic Partnership Agreements
http://www.nrel.gov/technologytransfer/wfo.html
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FEMP would like to thank our instructors Kate Anderson and Rachel Shepherd.
Thanks also to Beverly Dyer, FEMP’s Training Director, and our production
team.

Now, please clickon the linkin the lowerrightbox which will take you to a brief
quiz and short course evaluation. Completing these will provide FEMP with
information to continue to improve its training offerings, and provide you with a
Certificate of Completion.

We look forward to seeing you at our next First Thursday, on February 4th, when
we will cover the Federal Energy and Water Management Awards. Thanks for
joining us.

Learn more aboutupcoming FEMP Training opportunities:
https://www4 .eere.energy.gov/femp/training

Questions? Please contact:
Brad Gustafson: Brad.Gustafson@ee.doe.gov

Rachel Shepherd: Rachel.Shepherd@ee.doe.gov

Kate Anderson: Kate.Anderson@nrel.gov
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