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November 20, 2017

Puerto Rico Energy Commission’s Clerk’s Office
268 Munoz Rivera Avenue, Suite 202
San Juan, PR 00918

RE: CASE NO. : CEPR-IN-2017-002 Comments on questions in Appendix |
Dear Madam or Sir:

[ appreciate the opportunity answer the thoughtful, important questions you have
raised in the Resolution and Order dated November 10, 2017. As you request, | have
responded to the questions listed in Appendix | in the attached.

In 2015, my team did techno-financial modeling of ~ 1 MW microgrids. | was visiting
professor of strategy, at Indian Institute of Management, Kozhikode at that time. Our
‘work is written about in my book, The Microgrid Revolution: Business Strategies for
Next Generation Electricity, Praeger, 2016. | presented some of my results at IEEE
Life Members’ meeting on June 29, 2017 in San Diego. That presentation is attached.

| believe the work you are doing in Puerto Rico related to microgrids has broad
implications for restructuring the electricity industry itself. Its importance and timeliness
cannot be overstated. When successful, you will have created the core, replicable
elements of the Electricity 2.0 infrastructure for the entire world.

If | can assist in your work in any way, | am happy to help.
Best regards,

Mahesh P. Bhave, Ph.D., LEED AP
Founder, BHAVE Power Systems

4983 Flaxton Terrace, San Diego, CA 92130

619 847 2777 mobile / 858 259 0267 home

maheshbhave@gmail.com

My book: The Microgrid Revolution: Business Strategies for Next Generation Electricity, 2016,

Praeger.

Attached

List of recent microgrid related articles; book cover of my book on microgrids
Answers to Exhibit A questions

Presentation on “Microgrid Revolution” to IEEE Life Members
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Mahesh P. Bhave: Select microgrid related article in recent years,

619 847 2777 cell, maheshbhave@gmail.com

Puerto Rico - Rebuild with Microgrids, Renewable Energy World, Oct 4,2017

Cooking Microgrids: The Case for Application-specific Power Netwotks, Renewable Energy
World, Jun 9,2017

: id? Microgrid
Knowledge, Ap1 17,2017

Diving into the solar microgrid revolution, GreenBiz, April 1,2017

The compelling case for creating a nation of microgrids, GreenBiz, Mar 15, 2017

Microgrids for Clean Cooking and Internet, Renewable Energy World, Feb 27,2017

Microgrids and the Market Capitalization of Utilities, Renewable Energy World, Nov 30, 2016

Federation of Microgrids: A Moral and Business Necessity, Renewable Energy World, Oct 4,
2016

The mega wonders of microgrids, Business Standard, Jul 9, 2015

Why Microgrids are Essential in India’s Electricity Generation Mix, Jul 8, 2015, Renewable
Energy World,

I
|
Tesla E-motorcycles Complement SolarCity Microgrids, Renewable Energy World, May 20, |
2015. |

Microgrids as Fact and Metaphor, Renewable Energy World, Jan 22, 2015.

Microgrid Economics: It Takes a Village, a University, and a Ship, Renewable Energy World,
Sep 30, 2014.

Microgrids: Missing from the UN’s Sustainable Energy for All Initiative, Renewable Energy
World, Jul 8, 2014,

Microgrids Create Municipalization Benefits, Renewable Energy World, Jun 2, 2014,

How many electric utilities does a market need? Renewable Energy World, Jan 31, 2014.

Microgrids by mail can contribute to rural electrification, Renewable Energy World, Mar 15,
2013.
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https://www.amazon.com/Microgrid-Revolution-Strategies-Next-Generation-Electricity-ebook/
dp/BO1LZOM7GG
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CASE NO. : CEPR-IN-2017-002, COMMENTS ON APPENDIX I
Puerto Rico Energy Commission: Regulatory actions to facilitate the tasks of
restoring electric service and encourage the deployment of new technologies

1.1 The Commission needs new authority to act in the best interests of the people of
Puerto Rico, and consistent with technical advances and the evolution of the electricity
industry.

« Inter-microgrid connectivity for information and electricity exchange will be the
norm in the future; the topology of the electricity system of the future is a federation
of microgrids

+ Inter-connection with PREPA’s distribution system is necessary, though not with
the transmission system

« sale of microgrid output may be to PREPA among others; the primary user of the
output of a microgrid would be the facility or venue that houses the microgrid - for
electricity autonomy, self-sufficiency, reliability; Microgrid as a Service (MaaS) is a
valid business model too

- sale of microgrid output can be to retail customers, homeowners, shopping malls,
office buildings, ... and not necessarily to PREPA; PREPA’s role regarding microgrid
output is optional or secondary

When market conditions change, for instance, due to lower prices for solar panels,
falling prices for batteries, and distributed generation - which is novel and in a break
from traditional ways of deploying electricity infrastructure - then existing legal and
regulatory criteria need to change to accommodate this new reality. This might be
through legislative or other means, possibly prompted by lawsuits, as happened in the
case of the old AT&T.

Private entities may challenge the authority of the Commission on constitutional
grounds. The old AT&T was challenged in the courts by Microwave Communications
Inc. (MCI). That led to de-regulation of the telecommunications business. The market
conditions in electricity are at similar crossroads. For instance, the legal structure as it
exists derives from “natural monopoly” arguments that may have applied in the past
but hold no longer. Microgrids cost relatively little compared to the traditional
infrastructure, and as a result, the “barriers to entry” in electricity have fallen.

Puerto Rico may be the ground zero for legal challenges to the existing electricity
regulatory dispensation, nationwide. This is a pioneering, singular moment - bigger in
its import than commonly recognized. Puerto Rico leads, albeit in the context of an Act
of God. Thus, the commission must seek new legal authority to regulate in conditions
of competitive markets and lowered barriers to entry for electricity.
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1.2  What you call alternate microgrid ownership structures will be and should be the
norm going forward - the barriers to entry in the electricity business have fallen; so
called third-parties should be microgrid owners going forward, including cooperatives,
businesses, and many other organizational entities. Microgrids are inherently more
reliable, economical, and clean.

1.2.1 Regulatory actions should encourage new microgrid ownership by a number of
prospective owners. Regulatory role should be limited to ensuring there is no non-
competitive behavior by microgrid owners, ensuring safety, and ensuring consistent
standards across microgrids for inter-working.

The traditional “rate of return” thinking should disappear; each microgrid will have its
own economic basis depending on sunlight availability, size, wind patterns, availability
of biomass feedstock, ... and customer attributes. Prices will vary across microgrids,
though not much. In any case, since the prices will be lower than what obtains today,
all customers will be better off. Over-regulation will not be in the public interest, and
one may say: Today’s regulatory structure throttles innovation, constrains and inhibits
the emergence of microgrids, and the all round benefits they represent.

1.8  Private ownership of business is most American. What obtains in all normal
businesses should now prevail in the electricity business. | see no barriers to varied
ownership structures consistent with the boundaries governing any normal business.
The Commission should relinquish authority over ownership structures in next
generation electricity and let the normal business context prevail.

1.4  The Commission indicating a willingness to accommodate novel ownership
forms will release all sorts of capital to flow into the electricity business - private, non-
profit, cooperatives, communities, .... For after all, microgrids represent lower cost
electricity than what obtains today, and thus a new service provider likely will enjoy
greater margins even as costs are reduced for end users and customers. My analysis
(see my book, The Microgrid Revolution: Business Strategies for Next Generation
Electricity, 2016, Praeger) proves this for select markets today, and increasingly in more
and more markets, worldwide.

1.5  Over the years, the technical and organizational expertise necessary to deploy
microgrids exists. What is less clear is whether there is expertise in inter-microgrid
connectivity. Such inter-microgrid connectivity should have been supported by Dok
and ARPA-E and through the national energy labs. This is not the case. But this is not
an insurmountable problem, for after all, inter-networking is the norm in telecom, and
lessons from telecom should be extensible with modifications to the electricity
infrastructure of microgrids.
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There are numerous microgrids already deployed - | have attached my presentation to
IEEE Life Members, June 2017, that lists many of them.

2.1 Microgrids will work for urban loads (or population clusters) and remote loads. |
propose remote population clusters or businesses be the first priority. This is because
the urban centers will merit attention, likely with traditional solutions, anyhow.

Further, the remote clusters should be inter-linked to each other preferentially instead
of to the traditional grid. The microgrids may be of size, say, 0.5 MW to 5 MW. They
should not be owned by PREPA since non-traditional thinking and ownership should
be encouraged, though technical expertise may be obtained from PREPA, if needed.

A simple brainstorming exercise to technically evaluate the relative deployment
sequence among rural loads can be conducted. Of course, deployment should begin
urgently everywhere.

2.2 The customer group prioritization should be based on technical, physical, and
operational criteria, availability of supply and demand side resources; there is no
denying the need for urgent deployment of microgrid solutions for all customers. The
prioritization exercise mentioned in 2.1 can address deployment sequence challenges.

2.3 Microgrid economics, as it exists today and over time, will ensure developer
interest, and market forces will make them attractive for developers. The Commission’s
intent to offer microgrids as a solution, independent of and complementary to PREPA,
will ensure funding for microgrid projects.

2.4 The Commission should signal and ensure widespread participation by new
businesses in the electricity business; there should be minimal price regulation since
prices are likely going to be lower than what obtained before Hurricane Maria anyhow.
Microgrid owners should be able to make deals for resource sharing among each other.

3.1 The less regulation, the better; standard practices for any routine business should
prevail. For there is little special about electricity anymore. Many can generate it, many
can provide it, economies of scale are no longer necessary for low unit cost, and the
market can be segmented for service. We may have commodity electricity, as today,
and we may have application specific electricity too.

3.1.1 The overwhelming regulatory change needed is to encourage multiple service
providers to emerge in the market. Whoever wishes to provide electricity for a market
segment should be allowed to provide it, with the consent of the customer (less
regulator), and the customer should have the right to reject and replace the service
provider if the supply quality is inadequate. Rules by the Commission to facilitate such
customer choice are key. There no doubt exists an element of local, natural monopoly
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in this arrangement but it can be short-lived provided rules are developed for entry for
a competitor or alternative service provider of the customer’s choice.

3.1.2 In addition to the option of rejecting a service provider by customers for poor
service, as above, safety practices should be regulated.

3.1.3 Baseline technical qualifications and financial worthiness should be established
by the Commission. This was done by the FCC when spectrum auctions were
conducted. Thus, there is precedent for establishing such qualifications.

3.1.4 While the risk of incompetent developers exists, there is sufficient knowledge
about microgrids now so that this is less and less likely. Unscrupulous developers - this
risk can be reduced through establishing fair, transparent qualifications criteria.

3.2 Well-established standards development processes, say, in telecommunications or
electricity through committee work among stakeholders should be sufficient to
establish and evolve microgrids standards.

3.2.1 Safety standards - existing electricity safety standards, suitably modified - and
likely not much more is needed.

3.2.1.1 They are not - | am especially concerned that there is insufficient work in the
industry on inter-microgrid resources and information sharing. This area deserves
the highest priority. The presumption that microgrids should interact only with the
megagrid is both false and self-serving for the existing grid operators, and this default
assumption is not in the public interest.

3.2.2 To the extent possible, inspections should be eliminated, and the emerging
microgrid industry should self-regulate, self-monitor, and work to industry established
standards. Inspections are also an area that breeds corruption. Violation of standards,
if found, should invite appropriate penalty. Safety is the only area that may merit some,
but minimal, inspection.

“Technical specifications for interconnecting a microgrid to PREPA’s transmission or
distribution system” - this likely does not belong in 3.2.2 dealing with inspections.

However, the presumption that microgrids should connect necessarily (or only) with
PREPA’s infrastructure is false and undermines the promise of microgrids. Microgrids
should work with each other too for the same or better resiliency that is presumed with
inter-connection with the megagrid.

3.2.3 The microgrids deployed may not connect with PREPA at all - distribution or
transmission or sub-transmission. They may connect, for legacy reasons, for a while,
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and that is fine. But linking with the megagrid for resiliency is strictly not necessary - a
cluster of microgrids can be equally or more resilient.

3.3  Several natural microgrid hubs suggest themselves - shopping malls or centers,
hospitals, sub-stations, office buildings, railroad stations, schools, colleges, campuses,
... See my |IEEE presentation on likely locations and the interaction among venues.

3.3.1 No, there should be generally no limit on the size of a microgrid. For typical
residential settings, however, it seems microgrids can range in size from 0.5 MW to 5
MW in steps. These may be mapped to population served, area in square feet, load
type, .. Microgrids can be larger too, especially for commercial or industrial settings.

3.3.2 Franchise rights is a good idea; performance of the microgrid grid (reliability
metrics, quality of electricity, down time in a year, safety, ...) should be the main criteria
for a service provider to enjoy that right. Customers may challenge a provider; the
Commission should provide guidelines for replacing one provider with another.

3.4 Itis unclear to me why consumer {more generally customer) protections should
vary with the ownership of microgrids.

3.4.1.1 | think the Commission may not set pricing in the way it is done today based on
cost plus methods or rate of return guarantees. Market forces should set prices. The
prices should be based on competitive, market pressures. Excessively high prices
should carry the threat with it of a customer going to the next service provider during
suitable transition windows, much like the expiration of franchise rights for retailers, or
even as happens with today’s I0Us.

Yes, it is reasonable for the Commission to charge an administration fee for their
oversight services, recognizing that the regulatory overheads today are likely
excessive, and the new regulatory dispensation will likely be far cheaper since
microgrids will largely self-regulate, and maintain industry standards in a competitive
market. The industry is no longer a “natural monopoly.” Entry and exit barriers are
largely gone with microgrids. Regulations should thus change, but diminish.

3.4.2.1 The Commission should stay out of determining such standard contract terms,
and it is incorrect to assume the contract terms will be with microgrid service providers
and PREPA; the contracts ought largely be among microgrid service providers in many-
to-many format and relationships. The Commission ought to recognize that with a
microgrid-centric electricity system, the central or dominant role for PREPA diminishes.

3.4.2.2 No, standard terms should not be prescribed by the Commission at all.
Competitive pressures should create the best terms for all customer groups, residential
and small-residential, who should have choice, and they should determine contract
terms best for them, much like a customer chooses among mobile service providers.
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3.8.2.3 No, setting standard terms should not be a part of the Commission’s mandate
at all, no matter who the supplier or the customer.

3.3.2.4 No commission review is necessary. The Commission should not interject itself
in market processes, except when absolutely necessary. Normal business laws should
operate just as they do for any other industry.

3.3.2.5 No, the Commission may not - the customer should choose the duration in its
best interests, and should have the right to throw out a non-performing microgrid
electricity supplier, just as any normal business would throw out a non-performer.

3.3.2.6 The customer can choose another microgrid service providet, or be their own
microgrid - the Commission should have no role.

3.3.2.7 “Unanimous” appears too strong a word; if the number of customer decision
makers is sufficient large, or they have a managing board, the decision of the managing
board can serve as proxy for the majority, and without the requirement of unanimity.

3.2.2.8 Over time, it is possible and even likely that individual customers can become
their own service providers - grid-defection or microgrid defection - and this ought to
be permitted. Such a customer may still choose to stay connected to the local
microgrid or megagrid for a small fee, as “insurance,” or “just in case.” This option for
individual customers may not be discouraged by the Commission. Disadvantage or
advantage - the question has to be asked: From whose point of view? The customer’s
point of view should prevail.

3.4.3 1think deposits or pre-payment by microgrid operators with the Commission are
appropriate in that the microgrid operator may be compelied to maintain certain
performance standards as a result. The amount should be potentially punitive, and not
be a token amount. The amount may be a function of customers served, size of the
microgrid in MW, or some combination of these, or some other suitable criteria.

3.4.4 Non discriminatory rules should be presumed to apply both to microgrid service
providers and customers.

3.4.5 It might be worthwhile to consider other protections both for customers and
service providers in a brainstorming discussion with interested stakeholders. | am
happy to participate in such sessions.

3.5 Whether pricing is based on metering - as obtains today in kWh units - may not be
the only pricing mechanism in the future. It is possible to have flat rate pricing, or
“buckets of service” based pricing, as has happened in telecommunications. Electricity
service providers may charge by “lumens” or “water pumped” or “heating (or air
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conditioning) delivered” to a standard throughout a season for a flat fee, or based on
“meals cooked in a month”, ... and so forth. This should be a welcome development

for the customer enjoys the satisfaction of flat rate pricing, and the supplier has
incentive to reduce operating costs and increasing efficiency to improve margins.

3.6.1 No and no. Why should the Commission know type of customers and their
number? Target Department Stores does not have to disclose to anyone what types of
customers visit their stores nor how many.

3.6.2 No - the capacity and its type is entirely up to the service provider, and the
service provider has the right to change that mix based on the best economics and
performance it determines for itself, so long as the customer is properly served.

3.6.3. No - cost management is entirely the service provider’s domain of responsibility.
The service provider owes no explanation about it to anyone.

3.6.4 Pricing - should be entirely between the service provider and the customer, for a
given contract period. The customer should have the right to terminate the contract for
non-performance or dis-satisfactory service, and the service provider may terminate
service to any customer for non-payment of dues, for instance.

3.7 The Commission should not take much time at all - say, a week at most - in
approving microgrid proposals. If a microgrid service provider is technically qualified
and financially viable, the approval must be practically automatic, and with little room
for discretion with the Commission. It is after all the right of any corporate entity to offer
services, and of customers to choose their service provider - the Commission’s role is
that of a facilitator, not policeman or judge.

4.1.1 through 4.1.3 and 4.2 appear to be specific to Pattern Santa Isabel LLC, require
local knowledge of assets, and | am unable to answer the questions. The problems
appear to be readily fixable.

4.3 and 4.3.1 The facilities, even under contract to PREPA, may be used in a microgrid,
assuming PREPA is unable to take up the power generated today. Why should the
generator lose revenue just because PREPA is unavailable? Yes, a facility other than
PREPA should be able to develop a microgrid using the generation facilities, and serve
customer needs right away. There might be some “extenuating circumstance” clause in
the contract that says in case PREPA is unable to off-take the power generated, the
supplier may sell or use it elsewhere until such time as PREPA is able to use it.

4.4 Yes.

4.5 Yes, it is legal, it is practical, and it may be sometimes necessary to use some fossil
fuel based generation to maintain service continuity when the sun does not shine, or
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batteries have drained, or to optimize operations for either lowest cost infrastructure or
for optimal operating efficiencies.

The microgrid my team modeled had solar, batteries, and a diesel generator. The latter
charged the batteries at night occasionally when the batteries drained, or when there
was less sunshine to charge the batteries fully during daytime due overcast skies.

4.5.1 No one uses fossil fuel-based generation because it is economical - the
preference is to use maximum solar, maximum batteries, and only supplementary
diesel generators. This is because diesel generators produce the most expensive
electricity of the three. The use of diesel generators need not affect the “renewable”
status of the overall facility. How much diesel to use will depend on the season, load
profile, available sunlight and so forth. In any case it will be less than 30% of the overall
requirement, more likely 20%, that is, about four hours in a twenty hour period.

5.1 through 5.6 relate to CHP and since | do not have specific information about the
use of CHP in Puerto Rico, | am unable to address these issues.

6.1.1 through 6.1.4 are questions directed at PREPA.

6.1.5 If PREPA wishes to deploy microgrids, in some markets or for some customers,
the Commission should ensure there is a level playing field. The option to offer those
very customers and venues by other microgrid providers should not be precluded by
PREPA being the preferential microgrid provider. PREPA should be one among equals
for microgrid service provision.

If PREPA is perceived to be favored as provider, this will discourage other microgrid
providers from entering the market; this outcome will not serve the public interest.

6.2 Why should PREPA get any reservation for any markets or customers for microgrid
provision? They should be one among equals.

7.1 Any unused equipment belonging to PREPA may be made available for microgrid
use for anyone qualified provided fair compensation is paid to PREPA for it. Why only
metering equipment? This should apply to all equipment.

This is routine in telecommunications, see for instance, “co-location” regulations. The
provider makes available “common carrier” facilities to others, that is, competitors on
the same terms as it uses or makes available for itself.

7.1.1 PREPA should be compensated monthly based on amortized costs of it.

7.1.1.1 Commission should ensure PREPA calculates the price per month of the asset
fairly, and that should be charged to third party users.
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7.1.1.2 The microgrid should pay a monthly fee; it is unclear why the microgrid
operator should wish to buy the equipment, at least in the early stages. Eventually,
should PREPA not use the equipment, it may be sold.

7.2 Yes, making such equipment available to microgrid operators would be in the
public interest and will expedite the deployment of electricity services.

7.2.1 PREPA should be compensated on a per month basis starting the date of the
contract with the microgrid service provider.

8. Regarding behind the meter systems, please review the second part of my article in
Renewable Energy World - Puerto Rico - Rebuild with Microgrids. Stand-alone, off-
grid, home “systems-in-a-box” of the kind | recommend may be put together and
distributed to those in need all over the island, urban and rural and remote areas alike.
They are emergency systems that permit lighting, phone and electronic appliances
charging, fans, TVs, and cooking. These systems can be assembled relatively quickly,
and should cost ~ $1,000 in volumes of thousands. To quote:

“The buildout of microgrids, optimal though it is, may take a little time. Here is what
may be done immediately. In a warehouse, assemble solar panels, of say, 500 W
capacity, pair them with up to 3 kWh Li-ion batteries, include an induction or resistive
hob for cooking plus a multi-port USB plug, box them, and deliver them to all families
who need it. Total cost per set up should be around $1,200. Self-installation, IKEA-like,
is easy. Home cooking can begin immediately, and basic lighting, phone and laptop
charging, even fans and TV will be supported. The battery drains with daily use, and is
recharged with the sun — no grid necessary.

‘I et us acknowledge it — the electricity infrastructure of towers, poles, and cables
strung across distances is obsolete; only inertia, the monopoly power of incumbent
utilities, and the fact that it works, so far, keeps it going. In Puerto Rico, albeit in the
context of a tragedy, we have a greenfield opportunity to do right, and not only for the

8.1 1 don’t know what the technical or other short falls are, and thus unable to answer.

8.2 Probably, a website with basic information with option for online Q & A might help.
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Zugeily Col. Del Valle <zcolon@energia.pr.gov>

p

Fwd: Desk-Sized Turbine That Can Power A Small Town

1 message

Maria del Mar Cintrén Alvarado <mcintron@energia.pr.gov> Mon, Nov 27, 2017 at 8:03 AM
To: Zugeily Col6n Del Valle <zcolon@energia.pr.gov>

Para registrar y circular

---— Forwarded message -~-------

From: RICARDO E MELENDEZ RIVERA <ricardo.melendez@claropr.com>

Date: Sun, Nov 26, 2017 at 6:42 AM

Subject: Desk-Sized Turbine That Can Power A Small Town

To: Marfa del Mar Cintrén Alvarado <mcintron@energia.pr.gov>, RICARDO E MELENDEZ RIVERA
<ricardo.melendez@claropr.com>

To work, carbon dioxide is kept under high heat and extreme pressure. Given these conditions, the carbon dioxide
goes into a physical state somewhere in the middle of gas and liquid. The turbine then harnesses the energy,
transferring half of the heat to become electricity.
https://futurism.com/meet-desk-sized-turbine-can-power-small-fown

Enviado desde mi LG de Claro

---—- Original message----

From: Marfa del Mar Cintron Alvarado

Date: Tue, Nov 21, 2017 11.07

To: RICARDO E MELENDEZ RIVERA,;

Ce:

Subject:Re: DC Microgrids and the Virtues of Local Electricity

RECEIPT

CEPR-IN-2017-0002

In re: Energy Commission investigation regarding the state of Puerto Rico electric
system after Hurricane Maria

Subject: Comments on the implementation of regulatory actions to facilitate the task of
restoring electric service and encourage the deployment of new technologies

The Puerto Rico Energy Commission has received the comments sent by you regarding the
Case No. CEPR-IN-2017-0002.

Cordially.

Leda. Marfa del Mar Cintrén Alvarado
Secretaria

Comisién de Energia de Puerto Rico
Tel: (787) 523- 0270

On Thu, Nov 16, 2017 at 1:31 PM, RICARDO E MELENDEZ RIVERA <ricardo.melendez@claropr.com> wrote:

Today, locally produced DC power (say, from photovoltaic panels) is typically converted to AC using inverters. Much of the
. time, though, the power supply in the end user’s equipment just converts the AC fed to it back to DC.

. With the decreasing cost of electricity generated by photovoltaics and wind turbines, DC microgrids may be the most
! efficacious way to provide electrical energy to those who have none. Just as cellphone use in the developing world exploded
L wither i Fha mriar inetallation of landiinee DO microaride eotiid leanfroa aver the traditional evetam of centralized AC



generation. The market for m|crogr|ds in the developing world could be huge, and the beneflts they would bring to what are
‘now grossly undersetved reglons o 'nonumental

Clearly, DC microgrids hold extraordlnary promise for a wide variety of situations. Why then are they still so few and far
between?

Some of the blame, at least in developed countries, can be placed on antiquated building codes that make it difficuit to set up
. the infrastructure needed for generating and distributing DC power locally, perhaps within a single building. And even if
property owners can overcome this hurdle, they will still struggle to find advice on how to construct such a system.

. One of the few resources now available is the EMerge Alliance, an organization of more than 100 member companies
interested in fostering the development of DG microgrids for commercial buildings. Alliance members are working to speed
i the adoption of this approach to improving energy efficiency, in part by setting relevant standards.

The EMerge standard for occupied spaces specifies that power be distributed at 24 volts DC, with current limited to about 4
amperes on each circuit. This combination is considered intrinsically safe with respect to shock and fire hazards, allowing
electricians to install relatively simple wiring (without grounding or metal junction boxes, for example) and still meet the United
States’ National Electrical Code.

The EMerge Alliance is also promoting a standard for data and telecom centers. It calls for DC to be created and distributed
at 380 V, which saves energy by eliminating the AC-to-DC conversions in each individual piece of electronic equipment
plugged into the building's power grid.

Setting technical standards for DC microgrids, while challenging in its own way, is not the only problem by far. Another barrier
comes from the regulatory environment that people or companies face when they want to share the power they generate,
even if they just want to send it to others in their immediate vicinity.

Distributing power from rooftop solar panels to several apartments in one building, for example, might be very easy from a
technical standpoint, but someone interested in doing that must navigate through some rocky legal shoals. Would selling
power to those apariment dwellers violate the monopoly granted to the local electric utility? What if you need to supplement
the power you’re providing by drawing some energy from the AC grid and converting it to DC? Would your purchase of
electricity from the utility then be considered a wholesale transaction (which in the United States would be governed by

i federal law rather than by the rules of a state utility commission)?

: Such questions are hard to answer, and it will surely take a long while yet for federal and state authorities to sort out the many
. legal sticking points that DC microgrids raise. The same is true for other countries, each of which will face struggles of their
own developing public policies that can accommodate these unconventional grids. But it's important to do that if we want to
move forward.

For more than a century, AC power grids have provided the foundation for industrialized societies. The adoption of AC

i allowed voltages to be shifted using simple transformers, allowing electricity to be carried over long distances even with the
earliest systems. Edison’s competing DC approach wouldn’t have permitted that. And because electricity was initially used

i mostly to power induction motors and incandescent lights, AC served well.

Things are different now. For one, we have solid-state DC-to-DC power converters with efficiencies that are afready about 95
¢ percent, (When we begin to use the new wide-bandgap semiconductors in this equipment, efficiencies should rise even
further.) So there is no longer any worry about how to shift DC voltage levels or cairy voltage over long distances. indeed,
high-voltage DC transmission lines are often used to link separate AC grids, in part because they obviate the need for
intergrid synchronization.

Another fundamental change that has come about since Tesla and Edison’s day involves the kinds of things we plug into our
outlets. Most of the loads now are essentially DC, so supplying them from a DC source would simplify their power circuitry
and save energy overall.

| These developments make you wonder why DC hasn't replaced AC entirely for power grids big and small. In addition to
i providing energy savings, such a move would mean that it would no longer be necessary for electronic-equipment
manufacturers to accommodate the different AC voitage and frequency standards found around the world.

The prime reason AC continues to reign supreme is just that it would be enormously difficult to replace it entirely with DC
equipment. So we continue to use it, even though the original justification for doing so no longer exists. This situation is all too
common. We no longer have to worry about typewriter hammers sticking together, for example, yet we still use QWERTY
keyboards, which are even older than our AC power grids.

But sometimes a shift to new technologies is inevitable, even when the transition promises to be expensive or otherwise

distuptive. And for power grids, we have the luxury of being able to start small. So it's high time for the world to embrace DC
| microgrids, an old-yet-new model for providing people with electricity.
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"It really was a fierce battle between Thomas Edison, who advocated his system of DC technology, and Westinghouse and

his partner Nikola Tesla who were advocating AC," Reed explained. “The disadvantage Edison really had with DC back then

was he had no way of controlling the current on the DC cables. As he began to deliver DC to longer and longer distances, as

he got to beyond a mile (1.6 km) or more, currents got so large that it wasn't safe. The cables had to become so large that it
wasn't economical. So in his system he needed a power plant about every mile to feed this DC network.”

This problem has now been solved. We can safely control the currents in DC delivery lines. Suddenly, converting AC to DC
for long distance transportation opened up new possibilities.

| voanews.com/a/can-ac-and-dc-power-systems-integrate/3292427.

Antes de imprimir este correo electrénico piense en el medio ambiente.
En la Comisién de Energia de Puerto Rico estamos comprometidos con la Ecoeficiencia.

AVISO: Este correo y sus anejos pueden contener informacidén confidencial y
privilegiada. Esta comunicacidén estd dirigida exclusivamente

a su destinatario, por lo gue su uso por cualquier otra persona estéd prohibido. Si
usted no es el destinatario de este correo, no debe usar, revelar, distribuir, imprimir
o copiar todo o parte de éste. Si

usted ha recibido este correo por error, por favor notifiquelo inmediatamente a la
Comisién de Energia de Puerto Rico y eliminelo.

La informacidén contenida en este correo que no esté relacionada con asuntos oficiales
de la Comisién de Energia de Puerto Rico no es ni serd atribuible a la Comisidn de
Energia de Puerto Rico.

Lcda. Maria del Mar Cintron Alvarado

Secretaria

Comisién de Energia de Puerto Rico

Tel: (787) 523- 0270

Antes de imprimir este correo electrénico piense en el medio ambiente. En la Comisidn
de Energia de Puerto Rico estamos comprometidos con la Ecceficiencia.

AVISO: Este correo y sus anejos pueden contener informacidén confidencial y
privilegiada. Esta comunicacién estd dirigida exclusivamente a su destinatario, por lo
que su uso por cualquier otra persona estd prohibido. Si usted no es el destinataric de
este correo, no debe usar, revelar, distribuir, imprimir o copiar todo o parte de

éste. Si usted ha recibido este correo por error, por favor notifiquelo inmediatamente
a la Comisién de Energia de Puerto Rico y eliminelo. La informacidén contenida en este
correo que no esté relacionada con asuntos oficiales de la Comisién de Energia de
Puerto Rico no es ni serd atribuible a la Comisién de Energia de Puerto Rico.
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