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Welcome to OIST Graduate Univer-
sity and to the Second International 
Symposium on Open Energy Systems. 
Providing energy in this modern world 
is a challenge irrespective of location. 
Making energy sustainable, affordable, 
efficient, effective. Dealing with peak 
loads. There are many challenges. 
They are particularly acute in certain 
kinds of environments, such as small 
island communities.

The notion of a local grid, maybe a 
DC grid, that is sustainable on the basis 
of local supply, where the clients are in-
herently committed to an energy sharing 
model, is a very attractive one for such 
communities. We had an initial sympo-
sium last year, and were very surprised 
by how well it went, so a follow-up sec-
ond meeting was suggested. Seeing 
so many illustrious people here today, I 
imagine it will be even more successful 
than last year.

This is a sustainable approach to 
maintaining our momentum. You will be 
touring the hillside housing system at 

OIST, which we continue to develop as 
a localized but important demonstration 
of the possibilities of a housing commu-
nity running on solar with energy shar-
ing.

Welcome Address 

Dr. JONATHAN DORFAN
President of OIST
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Message from Organization Chair

Dr. ROBERT BAUGHMAN
Executive VP for Sustainable Development of Okinawa, OIST

Thank you all for coming to join us for 
this second symposium. Since last year, 
OIST has created a new office for the 
sustainable development of Okinawa, 
which addresses two kinds of sustain-
ability. One is the kind addressed by our 
symposium today. Another is economi-
cally independent sustainable develop-
ment. It’s part of the mission of OIST not 
only to create a university and research 
foundation here in Okinawa, but also 
to contribute more broadly in Okinawa, 
Japan and around the world. As part of 
that we must successfully identify our 
intellectual property and make it avail-
able to the private sector and the public 
sector for development.

We’re building on institutions we have 
already in place. A good working rela-
tionship with both the private sector and 
the public sector is key. This meeting to-
day is an excellent example of this. We 
look forward very much to the further 
development of this critical field—broad-
ly but also specifically for Okinawa and 
for OIST.
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Welcome to OIST, and to the Sec-
ond International Symposium on Open 
Energy Systems.

We’re all aware that if the IPCC’s 
claims about the role of greenhouse 
gases in climate change are true, then 
fossil fuel use poses a serious threat 
to our civilization. Throughout history 
environmental mismanagement has 
caused the “collapse” of civilizations, as 
recounted by Professor Jared Diamond 
in his book of that name.

But a climate-change collapse would 
be on a global scale. We have to act. 
Meanwhile, emerging geopolitical risks 
in the Middle East and elsewhere are 
bringing the topic of energy security to 
the forefront. The changing price of oil is 
another important issue.

Last month we saw a dramatic fall in 
oil prices. Historically, it has been in the 

range of $20 per barrel on average over 
many years. The last 10 years saw oil 
prices soar, but they are now coming 
back down. The emerging consensus 
is that oil is not going to go back up to 
anything like $100 per barrel. It will stay 
at a relatively modest price.

This impacts the renewable energy 
cost equation. If oil prices remain high, 
then we can afford a somewhat higher 
cost of renewable energy, but if oil pric-
es go down and stay low then we need 
really affordable renewable energy.

On the oil demand side, we see sur-
prising improvement in vehicle efficien-
cy globally. Increasing penetration of 
hybrid cars and electric vehicles actually 
reduces potential oil demand from the 
transportation sector, despite a global 
increase in automobiles. Then there is 
shale gas. In the US energy industry, 

Speech 1

Open Energy Systems: Toward a Global Agenda 
Solution for Sustainability

Speaker: Prof. HIROAKI KITANO
OIST Adjunct Professor and Sony CSL President and CEO, Japan
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most shale gas production is probably 
just about breaking even at current pric-
es. But technology innovation is contin-
uously pushing down the cost of shale 
gas and shale oil production.

Of course, something like a major 
political disturbance in the Middle East 
might push oil back up temporarily. But 
it is better to assume that oil prices will 
stay relatively modest in coming years, 
putting more pressure on the price 
equation for sustainable, alternative 
energy sources like solar, wind, and so 
on. Traditionally the perception was that 
these were expensive but good for the 
environment, so they would be subsi-
dized even if their costs were higher.

But now the perception is that people 
will go for the sustainable energy option 
if they believe it will be more cost effec-
tive in the long run than conventional 
energy solutions. This perception is tak-
ing developed countries into a new era 
with a new kind of demand for renew-
able energy research and commercial 
deployment. I see this as a good thing, 
because we cannot subsidize alterna-
tive energy sources in perpetuity just 
because it is good for the environment; 
that is not economically sustainable.

On the other hand, the developing 
world continues to face the issue of en-
ergy access. Billions of people do not 
have access to electricity. I’m on the 

Future of Electricity Council of the World 
Economic Forum, which is putting to-
gether a proposed goal with renewable 
energy options, and one our tasks is to 
provide a proposal and documents for 
the next version of the United Nations 
Millennium Development Plan goals 
for the next five years. For people on 
many continents and in many countries 
who lack electricity, just three hours 
of electricity a night could completely 
change their lives. Today, we invited a 
few speakers from the Davos commu-
nity in order to link discussions in this 
symposium with the World Economic 
Forum and possibly the UN Millennium 
Development Plan.

So we have diverging issues in de-
veloped and developing countries. Our 
solution is to go big in Open Energy 
Systems, hypothesizing that the same 
technology, with different implementa-
tions, will be able to solve these two di-
verging sets of problems.

We are working to come up with an 
Open Energy System which consists of 
distributed generation from a varied set 
of energy sources, predominantly re-
newable ones. We intend for the Open 
Energy System to gradually overtake 
the old system. Open Energy Systems 
are distributed and open-ended so that 
everyone generates and everyone con-
sumes—as opposed to closed systems, 



Okinawa Institute of Science and Technology Graduate University
The Second International Symposium on Open Energy Systems 11

D
AY 1 : February 2, 2015

in which consumer and provider are 
sharply differentiated.

There are three criteria for an Open 
Energy System: first, it must support 
economic growth and development. The 
cost of electricity, as a major economic 
input, has to be affordable and econom-
ically feasible, not dependent on sub-
sidies and donations. Second, energy 
security. The system has to be secure, 
resilient, reasonably stable and not sus-
ceptible to geopolitical risks. The third 
criterion is environmental sustainability.

In Soft Energy Paths, Amory Lovins 
discussed the importance of distributed 
renewable energy sources as a more 
democratic, safe and robust option than 
centralized energy distribution systems. 
Now, almost 30 years later, what he de-
scribed has become technically feasible. 

There are people now talking about 
smart grids, and I think that’s a good 
thing, but at the same time, some smart 
grid concepts assume centralized pow-
er sources, while enhancing the grid 
with internet integration, deep demand 
control, etc. Let’s make a distinction be-
tween the conventional smart grid idea 
and Open Energy Systems. A smart 
grid on top of the conventional system 
is still a closed system, just augmented 
by technologies for increasing efficiency 
of power distribution and taming fluctu-

ations in the power supply and the up-
stream demand curve.

We want to go to a totally extreme 
solution: completely distributed energy 
generation, consumption and exchange. 
It’s a paradigm of consumer-generated 
energy: in the future, everyone gener-
ates and distributes electricity. In many 
industries today we are seeing this par-
adigm of “mega transformation.”

For example, consumer-generated 
media. Some statistics say youngsters 
are spending about three times as much 
time on YouTube and on Facebook as 
they are watching television, which is of 
course centrally created and distributed 
media. This same paradigm extends to 
service providers like hotel or taxi op-
erators—now people are talking about 
Airbnb and Uber.

Think about that: people are providing 
hotel services in their apartments and 
taxi services with their cars. Extending 
this idea to energy, people can start 
providing electricity as well, creating the 
basis for a mega transformation of the 
industry structure.

There is evidence that, discounting 
storage costs, we are reaching parity for 
technological affordability of renewable 
energy distribution systems. Storage 
costs are now the issue; if we factor 
them in, we have not reached parity 
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yet, making that the biggest obstacle. 
But there are major investments in re-
search, and a lot of interest in batteries 
among companies in the US, Japan 
and Europe. So I expect that in the near 
future we are going to see a dramatic 
reduction in energy storage costs due to 
technology innovation.

A very interesting opportunity for 
the Open Energy System concept is in 
Australia, which is suffering from high 
grid-maintenance costs. A study looked 
at one scenario: how a third of Austra-
lian consumers going off the grid would 
reduce grid maintenance costs.

The concept of a completely renew-
able grid not only applies to developing 
countries where the conventional grid 
is not available, but also to developed 
countries suffering from grid mainte-
nance. Particularly in countries that are 
so geographically diverse that maintain-
ing the whole grid may not be econom-
ically feasible, people might decide to 
simply go off the grid.

The Global Agenda Council on the 
New Energy Architecture, in its “energy 
access for all” agenda, recommends 
Open Energy Systems as a leapfrog 
strategy, along with deep demand man-
agement. In areas of Africa, India and 
Southeast Asia where electricity from a 
fossil fuel-based energy supply is not 
available at present, providing renew-

able energy from day one would avoid 
many environmental issues. It requires 
a battery center that can distribute elec-
tricity effectively, which is exactly what 
we’re working on.

I think that our Open Energy Systems 
technology is flexible enough to allow 
the following: install systems one by 
one, simply connect them to create a 
small grid, then scale up. The same sys-
tem Sony Computer Science Laborato-
ries deployed in developing countries 
in Africa and Asia, with a slightly more 
advanced version of the technology, is 
already installed in 19 faculty houses 
at OIST, with families actually living in 
them. That is the power of Open Energy 
Systems: it can provide a single solution 
for divergent needs.

Scaled up to the regional or national 
level this would become like an energy 
cloud. I think that will be the vision ev-
erywhere for an affordable, sustainable 
and very robust system. At OIST we are 
trying to create a cluster of public-pri-
vate partnerships and industry-academ-
ic partnerships to serve as an experi-
mental proving ground for this kind of 
technology. Okinawa, as the southern-
most major island in Japan, has similar 
climate conditions to Southeast Asia 
and other regions facing energy access 
issues. High humidity, salt issues and 
extreme weather such as typhoons dis-
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rupt the energy infrastructure frequently. 
So I believe that if we can successfully 
operate an Open Energy System in Oki-
nawa, we can operate it in other places. 

What are we trying to achieve with 
this symposium? We are now at an 
inflection point; things have changed 
dramatically since the last symposium a 
year ago. Now the time is ripe to come 
up with deployment strategies and form 
action plans. That requires bringing 
together all sorts of interested parties 
in academia, industries, governments, 
as well as in the global network of the 
Davos Community. The emerging com-
munity of this symposium can be the 
powerhouse of our initiative. I hope we 
can make a convincing case that Open 
Energy Systems are the way to go, and 
I hope that you will all want to join with 
us on this initiative. Together we want to 
change the world.
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Speech 1: Prof. HIROAKI KITANO
Open Energy Systems: Toward a Global Agenda Solution 
for Sustainability
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Good morning. I’m a professor and 
the dean of IIT Institute of Design (ID) 
in Chicago, where we focus on design 
methods that are more formal than 
those used in most companies.

Most companies use design to im-
prove the appearance and ease of use 
of products and information. It is a direct 
process that defines a problem, selects 
a solution, and finds the optimal path 
to the answer. This direct approach is 
particularly useful when the producer is 
sure what the user needs and wants.

At ID we focus on what the offer-
ing should be before working on the 
appearance or user experience. Our 
process starts with, looking at the con-
text bounded by strategic goals, user 
desires and capabilities for making of-
ferings. Then, rather than going directly 

to the solution as done in direct design, 
we think of the problem as an abstrac-
tion [Slide 19]. Not an MP3 player, but 
enjoying music; not a car, but personal 
transportation when needed. Abstrac-
tion is frequently catalyzed by insights 
from user research. The user research 
and abstraction are core to what we call 
reframing or redefining the project. We 
then create many options, and develop 
a plan and a road map for moving into 
development. This approach is a new 
way of doing design that is gaining pop-
ularity with executives who are noticing 
that they almost always get an offering 
wrong when it is new. They find the time 
spent on abstraction and reframing is 
less than the time spent on redoing proj-
ects because of not understanding what 
people want.

Speech 2

From the Economy of Scale to the Economy of 
Choice

Speaker: Prof. PATRICK WHITNEY
Professor, Illinois Institute of Technology, USA
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I had a conversation a few months 
ago with John Rowe, at the time CEO of 
Exelon, the largest nuclear power pro-
vider in the United States. I asked him 
what was happening with the smart grid, 
and he said, “We know several different 
ways of creating the smart grid, but we 
don’t know which one people need. We 
don’t know what they want.”

Whether it is the smart grid or small 
appliances, companies face the ironic 
situation of knowing how to make any-
thing but not knowing what to make. 
The problem of not knowing what peo-
ple want did not afflict producers in the 
pre-industrial or early industrial eras. 
Before the processes and benefits of 
mass production economy of scale 
became common, most people did not 
have time-saving and life-enhancing 
products and services. When a compa-
ny offered a new product at a low price, 
it was immediately bought with relatively 
little support from advertising or market-
ing. As consumers had more choices, 
the fields of advertising, retailing and 
marketing created ever more refined 
frameworks and methods of trying to 
predict what people want.

The dotted line [Slide 6] represents 
the path companies in the mid-20th 
century thought people were taking and 
the perception that consumers lived in 
market segments defined by income. 

Driven by the technology of the econo-
my of scale, companies would sell styl-
ish stuff to people who had more money 
and basic stuff to people who had less 
money. The solid line represents the 
path people actually took—through ev-
er-fragmenting markets. In response, 
academics and executives invented 
new frameworks to deal with this frag-
mentation: focus groups, demographics, 
early prototype testing, market segmen-
tation, etc. For example, in 1922 James 
O. McKinsey, an accounting professor 
at the University of Chicago, published 
a landmark book titled Budgetary Man-
agement. In it he outlined a three- part 
framework of the use of budgets:

1) Monitor ing the operat ions of 
separate departments such as sales 
and production.

2) Coordinating the operations of de-
partments into a whole business.

3) Noting future conditions and busi-
ness cycles and shaping plans to meet 
these conditions that he called “fore-
casting” or “business predicting”.

McKinsey recognized that these ac-
tivities were related and were already 
practiced in informal ways in various 
organizations. By noticing the patterns 
underlying these informal practices and 
developing a general framework that 
explained the patterns, he made it much 
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easier for executives to lead organiza-
tions, students to learn new processes, 
and researchers to build upon the work 
of others. In particular, using the budget 
for “business predicting” captured the 
attention of executives whose demand 
for his services led to the creation of 
McKinsey & Company.

Their attraction to frameworks that let 
them understand and plan their future 
was understandable given the large, 
long-term bets that were inherent in the 
large and expensive production facilities 
that were core to their businesses.

The business methods and protocols 
created then are still the accepted way 
of managing a business today; they are 
the wrong way for the world that Pro-
fessor Kitano described in his talk this 
morning. They were built to understand 
large-scale predictive systems instead 
of smaller-scale responsive systems.

Here are a few of the standard ques-
tions that those of you in the corporate 
world will recognize:

Wh ich  o f fe r i ngs  a re  s t i l l  se l l -
ing well and have opportunities for 
line extensions?

What are competitors doing?

What do customers want?

These are all reasonable questions 
asked by managers responsible for step 

changes in established industries. This 
level of innovation offers high certainty 
that a project in the company will suc-
ceed, but they typically have growth 
rates that are too low to sustain the 
company. With step-change projects 
you know what you’re planning on mak-
ing, why you’re planning on making it, 
how to make it, and who it’s for. Those 
all become ambiguous when you move 
to leap-change projects. These are 
much more likely to fail, but when they 
succeed, they can lead to very high 
growth rates.

Henri Nestlé’s infant formula. Sony’s 
Walkman, which created the personal 
music business. Apple’s iTunes, the first 
commercially successful software for 
organizing digital music. These are first-
of-their-kind innovations. If these found-
ers used the questions above as the 
criteria for those ideas, not one of the 
concepts would have been commercial-
ized because they weren’t based on any 
existing product, there were no com-
petitors, there were no customers, and 
there was no shared margin to grow. 
The questions asked by Mr. Nestlé, Mr. 
Morita, and Mr. Jobs were much more 
basic—they are questions asked by 
successful entrepreneurs.

What should I make?

Who will want it?
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Why will stakeholders find value in 
bringing it into life?

How do I make it happen?

They are also the questions asked by 
designers who focus on strategy. When 
compared to the standard managers’ 
questions, these are more flexible; 
they offer more options. They are less 
reliant on the facts of what exists and 
more in line with “sketching” a vision of 
the future.

This is where design intersects with 
Open Energy Systems. We need to 
sketch not only what the technology and 
new uses might be but also sketch new 
business models and operating models.

Segmentation models are not as re-
liable as they used to be. Market seg-
ments are fictions of companies who 
intersect demographics with people’s 
propensity to buy something. That works 
only when there’s an economy of scale 
and people don’t have much choice. 
When people have many choices, mar-
ket segmentation starts to fail.

In the 20th century, companies were 
making big bets on operations because 
the way they competed was by hav-
ing their functional silos operate more 
efficiently than the silos in other com-
panies. Today it makes more sense to 
understand critical activities whether or 
not they are tied to a silo.

Navroze Godrej is the leader of inno-
vation at Godrej & Boyce, a major Indi-
an appliance manufacturer. He led their 
initiative to make a low-cost refrigerator 
for the 80% of people in India that can’t 
afford refrigeration. In user testing they 
discovered there was a social problem 
of getting people to use Chotukool be-
cause in Indian villages, people didn’t 
want cold food, they wanted food bought 
daily in the market to stay fresh for two 
days instead of one.

Keeping food fresh for one extra day 
changes the current daily trip to the 
market into a trip made every second 
or third day. Godrej discovered that a 
smaller, lower powered product that kept 
things fresh was more desirable than 
a conventional refrigerator. However, 
as they continued to observe daily life 
in the villages they had deeper insights 
about other opportunities. The real chal-
lenges, it turned out, were explaining the 
product and distributing it. For this, they 
turned to women’s groups in the villages 
who created enterprises for marketing 
and distributing products. From Godrej’s 
point of view, Chotukool is not just a 
business about selling refrigerators, it’s 
a business about job creation in the bot-
tom of the pyramid. This will help India 
by bringing people into the middle-class. 
And, of course, this helps them buy the 
range of products Godrej makes. The 
Godrej team was not concerned with 
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functional silos but were very aware of 
the system of activities needed to bring 
Chotukool to life.

The power generation people at 
Godrej asked me how to get the bot-
tom-of-the-pyramid population to buy a 
greater volume of reliable power from 
them. After talking for a while, we decid-
ed that was the wrong question.

The right question is how to bring 
more people out of the base of the pyr-
amid and into the lower middle class, 
which needs greater amounts of power 
in daily living. We are now exploring 
community centers in villages that help 
people who want to start or grow small 
companies. The centers may provide a 
range of services such as bookkeeping, 
reliable fax machines, and internet con-
nections. The hope is to build an econo-
my that will make bottom-of-the-pyramid 
people wealthier so they will buy more 
reliable power.

I’m very enthused by the more de-
centralized and flexible approaches 
described by Professor Kitano because 
certainty has gone away. We only had 
certainty when we didn’t count intangi-
ble values and externalities. We only 
had certainty when we didn’t know the 
real cost of things. We only had certain-
ty when we pretended we had it. There 
is a growing recognition that for leap-
change projects there is no certainty of 

outcomes, no matter how much execu-
tives and policymakers want it.

Remember the example of Profes-
sor McKinsey proposing the use of the 
budget to plan future activities? That 
was in an age when things were pre-
dictable and you could make ten-year 
bets. Clayton Christensen, the author 
of The Innovator’s Dilemma, claims that 
financial projections for major innovation 
projects are either mistakes or lies. He 
says they’re never right and we should 
stop doing them. Roger Martin, the 
dean of the Rotman School of Manage-
ment at the University of Toronto, calls 
detailed financial projections for large-
scale innovation delusional.

What if the maker movement, dis-
tributed flexible energy systems and 
production systems, and 3D printing as 
a production tool continue to expand? 
What if we find new business models 
that aren’t tied to the economy of scale? 
Maybe we will move from an era of ex-
cess of choice to an era of sustainable 
choice. This would bring about funda-
mental changes as significant as those 
catalyzed by the Industrial Revolution. 
As an example, let’s look at the size of 
companies. According to Ronald Coase, 
a Nobel-winning economist, the reason 
the economy of scale demanded the 
creation of big companies was to re-
duce the transaction costs and increase 
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the trust between people. Now there are 
new ways for reducing friction and build-
ing trust. The World Wide Web, social 
media, and a company’s choice of eco-
systems shift the advantage from the 
biggest organization to the most flexible. 
It may be that the only big companies 
we need are insurance companies and 
infrastructure companies while every 
other organization benefits by getting 
smaller and responsive.

Responsive organizations decrease 
the need to know the result before we 
start the design. Designing for what we 
don’t know yet is really important. We 
shouldn’t be aiming at solutions—we 
should be designing platforms. If the 
maker movement takes off, people will 
make their own solutions. We need to 
create flexible systems that allow peo-
ple to make things we haven’t imagined 
yet. We are going to do some things 
wrong. Let’s be wrong in a flexible way. 
It’s faster, less expensive, and better to 
be roughly right rather than precisely 
wrong.
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I’m going to talk about DCOES (pro-
nounced “dee-coze”), which stands for 
DC-based Open Energy System. This 
bottom-up energy exchange system 
creates a community grid connecting 19 
faculty houses at OIST, each of which 
has a solar panel and battery.

[Slide 3] The chart on the left shows 
the energy exchange being performed 
among houses. The amount of energy 
generated by the PV panel and retained 
in the battery of each house is shown 
by the size of the green rectangles. The 
chart on the right shows the history of 
energy produced, used, exchanged, and 
remaining in each battery.

We have algorithms that determine 
automatically, for example, that if one 
house’s battery is above 70% charged, 
then it is ready to supply other houses. 
Another house where the battery is only 

32% charged may request that energy 
be sent from the first house. Our algo-
rithm specifies that if the battery charge 
drops below 30%, the house won’t 
supply electricity, because this is the 
amount needed for the house itself. At 
night, the houses must buy energy from 
Okinawa Electrical Company.

This is the structure of the DCOES 
system [Slide 9]. It consists of a PV 
panel; charger; battery (at this time a 4.8 
kilowatt-hour battery using four modules 
of 1.2 kilowatt-hour Sony lithium-ion bat-
teries); energy system controller; bi-di-
rectional DC/DC converter; inverter; and 
AC switch so that DC energy can run 
AC appliances.

If there is no charge in the battery, 
power comes from Okinawa’s electric 
utility. We call this part the Energy Serv-
er System. Nineteen of these ESSs 
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connect on a DC grid equipped with 
various switches to isolate segments for 
maintenance or other purposes.

This system is not just experimental. 
It is in active use. Since mid-December 
residents have been using this energy 
system every day without our interven-
tion. It is operating by itself very secure-
ly and reliably. There is some minor 
variation in equipment between houses; 
2.8 kilowatt PV panels on some, 4.2 
kilowatt on others. Some have two PV 
controllers. All the houses are equipped 
with 4.8 kilowatt hour batteries [Slide 
12].

Along with the Energy Server Sys-
tem, a weather station and DCOES dis-
tribution board, separate from the regu-
lar distribution board, are installed. The 
privately owned DC grid is 350 volts; 
380 would be the maximum because of 
device specifications.

On the conceptual side, our project 
goals are very simple but very import-
ant. The system must be sustainable, 
which means not passing on any liability 
to the next generation. The system must 
be dependable, keeping risk manage-
able. And the system must be accessi-
ble to everyone on Earth, that is, some-
thing everyone can afford. This leads us 
to renewable energy as a base energy 
source, a bottom-up architecture with an 
energy exchange system for depend-

ability, and the possibility to start with a 
small investment for affordability.

We call this a community grid. There 
are two well-known topologies. One is 
distributed stand-alone systems. Each 
house buys a solar panel and uses it, 
and sells any excess energy produced 
to electric utilities. Then people start to 
install their own batteries because pow-
er companies do not want to buy any 
more energy. This is a bottom-up archi-
tecture implemented by individuals. If we 
look at these houses collectively, they 
may not be very energy efficient overall. 
The advantages, however, are that one 
failure cannot cause total system out-
age, and installations can happen one 
by one, keeping initial costs low.

The other topology is a centralized 
system. Earlier implementations would 
have been just the PV panels, but re-
cently these systems have been install-
ing batteries, which is a step forward. 
This is a top-town approach by a single 
entity, so overall efficiency is very good 
when serving a user base of known 
numbers and usage patterns. But since 
it is centralized, a single failure could 
cause a system outage. And it has a 
high initial cost.

In reality, batteries cannot store all 
the energy produced. By around noon, 
the batteries have become full. The 
PV panels can generate more energy, 
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but since the batteries are full, they 
can’t store any more of it. If there is 
nobody home and power usage is low 
at this time, then part of the energy is 
actually wasted.

The “standalone” topology has a low 
initial cost, is flexible in size and type 
of implementation, and offers indepen-
dence from the grid. The “centralized” 
topology achieves improved efficiency, 
but with lower reliability and dependabil-
ity. DCOES combines the advantages 
of both.

If we measure the self-sufficiency 
ratio over time [Slide 23], centralized 
PV has the best performance. The 
difference is substantial, especially if 
the PV panel produces a lot of ener-
gy. DCOES is in between the two, but 
closer to the top, to centralized. We col-
lected real-world data from December 
24 to January 23. In winter, standalone 
achieves a 43% self-sufficiency rate, 
DCOES 52% and centralized 56%.

Not very good figures, but in sum-
mer (according to our estimates, since 
real-world data is not available yet 
for that season) standalone reaches 
around 60%, DCOES 73%, and cen-
tralized 78%. In other words, DCOES 
will be able to replace 73% of power 
bought from the utility. Not bad. And if, 
hypothetically, we doubled the PV and 
battery capacities, according to our 

simulation, DCOES would achieve 95% 
self-sufficiency in summer and 82% in 
winter. And actually, it seems that we 
don’t need to double the PVs—dou-
bling the batteries alone really works 
very nicely. So we hope that the price 
of batteries will fall the way solar panel 
prices fell.

In summary, DCOES shows that with 
low initial cost and high flexibility we 
can have efficiency almost as high as a 
centralized system, along with very high 
dependability. On the technology side, 
we designed our electrical system with 
one voltage source and n current sourc-
es. A voltage source keeps the grid 
voltage at 350V. Current sources set the 
desired current.

We have software for robust and flex-
ible distributed control. Each node has 
three modes: Waiting, constant voltage 
(CV) mode and constant current (CC) 
mode, which are computer-controlled 
over the network. A node in CV mode 
supplies 350V to the grid as a reference 
voltage. And then a second node signals 
to a third, “I’m sending energy.” Those 
nodes are both set to CC mode, and a 
current of, for example, two amperes at 
350V flows between them.

A second transfer can happen at the 
same time from yet another node to 
two more nodes. This is all negotiat-
ed across the network, schematically, 
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since the actual current is not divided 
of course. How is the decision made to 
exchange power?

The simplest policy is based on ca-
pacity available for giving and capacity 
requests for receiving. A second kind 
of policy could be predictive, based on 
past usage patterns, and projected gen-
eration and consumption based on the 
weather forecast. A third policy could 
incorporate demand response levels. In 
the future we’d like to become a virtual 
energy provider by tailoring the policy 
mix to each community. A community 
that doesn’t need to charge users for 
energy costs could prioritize maxi-
mal efficiency. One that does need to 
charge users some money could have a 
different policy.

The DCOES project is run by a re-
search consortium, and supported by 
the Subtropical and Island Energy Infra-
structure Technology Research Subsidy 
Program of Okinawa Prefecture through 
March 2015. We hope to extend that 
support for two more years. The aim is 
energy solutions and new energy busi-
ness opportunities for Okinawa, island 
countries, and the world.

People from Sony CSL, OIST, Ok-
isokou, Sony Businesses Operations 
Inc., Sony Energy Device Corporation 
and Sony Corporation have all made 
important contributions.

  One acute need in Okinawa arises 
from being hit by typhoons three to five 
times a year. Rural areas of Okinawa 
can have power knocked out for two, 
three, even four days at a time. So there 
is an acute need for battery backup. 
Our system offers major advantages 
over oil-fired generators, which are very 
good systems, but are used only two or 
three times a year, while needing main-
tenance, operational drills and so on 
every month.

Our system, in contrast, can be used 
every day to reduce energy costs, and 
will make a big difference in an emergen-
cy. Smaller islands the world over face a 
similar situation to rural Okinawa, as do 
non-electrified communities in Asia and 
Africa, as well as very remote commu-
nities in places like Australia which are 
so isolated that they need to be able to 
survive on a standalone basis.

For the future, on the technology 
side, for now we only have this one tier 
of 350V exchange cable, but we could 
add a higher tier at 800V, and then an-
other tier above that. If we could partner 
with an electric utility, we could connect 
with a centralized PV system. This type 
of hierarchical, hybrid installation is 
the dream.

And we would like to have all-DC 
houses. Daikin, one of the world’s big-
gest air-conditioning companies, is 
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collaborating with us on DC-powered 
air-conditioners. LED lights are basical-
ly DC. In general all appliances with a 
motor are now inverter based, making 
them very easy to modify for DC.

DCOES on the OIST campus, a 
proven real-world implementation, may 
be the only installation of its kind in 
the world at this moment. I hope that 
DCOES, as an architecture for a com-
munity grid for everyone, will contribute 
to humankind and to society.

Q: What does this architecture offer 
urban areas?

A: We are not in a rush to push our 
technology to urban areas for now, 
but this architecture can certainly be 
used there. If we start with the places 
or regions where residents really need 
electricity, and then produce so many 
units for that market that the unit price 
is driven down, it will then attract inter-
est as an alternative in urban areas too. 
Then new buildings, new housing de-
velopments, could be equipped with a 
DCOES-type community grid. In five or 
10 years, people may be thinking more 
about distributed, DC-based energy ex-
change rather than conventional distri-
bution, so there are big possibilities.

Q: Can we depend on solar panels 
and batteries to replace conventional 
power plants?

A: Yes, but we can also combine 
them with other sustainable energy 
sources, like biomass turbines, maybe 
hydrogen systems.

Q: Do residents know what’s going 
on with the system? Do they make 
decisions about energy exchange? 
Are any power-hungry appliances like 
air-conditioners networked in to adjust 
how they operate depending on the 
system conditions?

A: Every house can see what’s go-
ing on in the system as a whole, but 
only the residents of each house know 
what’s going on in that house; not in 
their neighbors’ houses. At this mo-
ment, we are not focusing on home 
energy management systems and don’t 
have them installed. But we have start-
ed some research into incorporating 
home management systems, with their 
superior predictive operation, by col-
laborating with organizations that are 
developing them.

Q: What about communal dynamics? 
Is there any sense of consumers living 
in these houses feeling that their actions 
are impacting other people?

A: If you start bottom-up, with stand-
alone systems, and then connect them 
to each other, you may get situations 
where people are saying, “Oh, my 
neighbor is always using more than I 
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use, after I invested all this money!” But 
if right at the start of a community like 
this, everyone knows that they have to 
pay according to the amount they use 
regardless, then everyone is happy. And 
that is the model we are thinking of for 
the future.
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DCOES Tour
On the first day of the symposium, participants were invited to see for themselves 
the Sony CSL-OIST DC-based Open Energy System (DCOES) on the OIST cam-
pus. Prof. Hiroaki Kitano, Dr. Mario Tokoro and other members of the project took 
participants on a guided tour of 19 houses that are already demonstrating the prac-
tical value and future potential of this cutting-edge initiative.



Okinawa Institute of Science and Technology Graduate University
The Second International Symposium on Open Energy Systems30

Session 2
New Deployment for Energy 
Sustainability



Okinawa Institute of Science and Technology Graduate University
The Second International Symposium on Open Energy Systems 31

D
AY 1 : February 2, 2015

I’d like to share with you my perspec-
tives on what the new energy structure 
is going to look like for a country like 
India. Many new business models are 
likely to be adopted in places like India 
before they happen in the West. India 
is going to be one of the biggest labo-
ratories in the world for testing out new 
business models and new technologies. 

In India we still have somewhere 
between 300 million and 400 million 
people who lack electricity. We started 
Bharat Light & Power to try to provide 
solutions to this problem. Our focus is 
to improve the quality of life of people 
in India by providing clean energy at an 
affordable price. The key word here be-
ing affordable, because one of the big-
gest drivers in a place like India is the 
cost equation.

If we can succeed with technology at 
a cost point that works for India, we can 
do it anywhere in the world. Our strategy 

has four parts: first, building high-qual-
ity projects–wind and solar farms–with 
good returns. Second, driving growth by 
executing at the necessary scale. Third, 
building relationships. (Part of the rea-
son I’m here is to meet other technology 
providers so BLP can bring the best 
technology back to India and implement 
it.) Fourth, innovating continuously. Our 
three key business segments are wind 
(we build and operate wind farms across 
India), solar and services. At this point 
in time our major focus is on the gener-
ation side. Slowly down the road we will 
start focusing on the consumption side 
in India as well.

Let me address the energy challenge. 
Why is it that we are all talking about 
distributed energy? Because we need 
to envision a paradigm for a whole new 
energy architecture. Why is that? One, 
global population growth as a whole. 
Two, growth of the middle class in Asia. 

Speech 4

Future of Electricity 

Speaker: Mr. T. P. CHOPRA
President & CEO, Bharat Light & Power, India



Okinawa Institute of Science and Technology Graduate University
The Second International Symposium on Open Energy Systems32

D
AY 1 : February 2, 2015

Today it numbers about 500 million peo-
ple; by 2020, there will be 1.75 billion 
people in the middle class in Asia.

And that is going to be one of the 
most traumatic demographic shifts in 
the history of mankind. It means ener-
gy consumption is going increase dra-
matically. In 2010 in the United States, 
per-capita energy consumption was 
roughly 13,395 kilowatts per person per 
year. In China in 2010 the number was 
2,944. In India in 2010 it was 626. Last 
year the United States was closer to 
14,000, China was closer to 4,000 and 
in India we had 800. So think about the 
potential growth that’s going to happen 
in places like India. Lastly, the emer-
gence of mega-cities, which have pop-
ulations of more than 15 million. Today 
we have 22, by 2025 we are going to 
have 35 megacities.

A combination of population growth 
and urbanization will result in dramatic 
changes in the way we consume energy 
and the demand for energy going for-
ward. If we look at human development 
on the y-axis and the annual per-capital 
consumption on the x-axis, what stands 
out is that at 4,000 kilowatt hours per 
person per year, there is a dramatic im-
provement in the human development 
index [Slide 6]. And then it tapers off. In 
countries like China and South Africa 
and India and Nigeria we are going to 

see dramatic improvements in the qual-
ity of life as their energy consumption 
rises over the next few years. So energy 
demand is going to double by 2030.

As for carbon dioxide emissions, Chi-
na’s are actually greater than the United 
States and Canada combined. India is 
not very far behind. In 1978 China con-
sumed 700 million tons of coal to pro-
duce thermal energy. Soon China will 
consume 4 billion tons of coal per year 
to produce thermal energy. 49% of all 
the coal in the world is being produced 
or consumed by China to produce ther-
mal energy. But people in Beijing and 
Shanghai demand a change, because 
they can’t endure the level of air pollu-
tion any longer. And resources, at some 
point, are going to run out: coal, urani-
um, and so on. If we don’t start thinking 
about new business models and new 
technologies today, we will meet all 
sorts of problems down the road.

Speaking of resources, 50% of all the 
water consumed in the world is used by 
thermal electric power plants, while 30% 
of the world’s population today is ac-
tually water constrained, rising to 60% 
by 2025. Considering that, which water 
use do you think is going to be impacted 
tomorrow when people can’t get a glass 
of clean drinking water? These looming 
issues are the reason the world’s tech-
nology companies need to solve the 
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energy issue today. In India specifically, 
key drivers toward a new energy archi-
tecture are a growing population, dra-
matically increasing consumption, en-
ergy security (India imports nearly 70% 
of its oil), and huge production issues 
affecting gas and coal.

Along with environmental concerns, 
these present huge challenges to how 
to grow energy in India. So what will 
the future look like for India and the rest 
of the world? One key challenge is the 
tradeoff between economic growth and 
environmental sustainability. Will the 
Chinese government be willing to sacri-
fice GDP growth by shutting off thermal 
power plants in order to have cleaner 
air? That’s going to be the ultimate 
question for a lot of us in this room and 
for a lot of governments and regulators 
around the world.

A critical need is for governments 
around the world to provide clear pol-
icies driving us toward a different fu-
ture. Unless they start providing a clear 
mechanism for pricing carbon, it will be 
a struggle to scale up renewable energy 
plants adequately. And yet the amount 
of solar energy we get in one year is 
greater than the combined availability of 
all other resources.

Therefore I think that countries like In-
dia will make a huge push in solar. The 
government of India has announced 

that they want to get to 100 gigawatts 
by 2022. India today is the fifth-largest 
producer of wind energy in the world. 
Technological progress, such as the ad-
vent of 164-meter rotor diameter wind 
turbines, specifically designed for low-
class wind speeds, will make wind pow-
er more economically viable in low-class 
wind speed countries like India.

In terms of solar PV panels, about 
five years ago the price was $6 per watt, 
a few years ago $3. Today’s panels are 
closer to 53, 54 cents per watt. I don’t 
think any of us could have predicted 
such a rapid decline in the cost of solar.

It’s exciting to see the kind of tech-
nology that is being developed at Sony. 
Because the key change factor going 
forward is storage. Solar panels are now 
commoditized. I think it will be incredibly 
interesting over the next couple of years 
to see how we integrate new lower-cost 
solar panels with new storage technol-
ogies that are around the corner. All the 
analysis I’ve seen indicates a trend for 
investment in conventional energy to 
slow going forward. Whereas renewable 
energy investments will be growing dra-
matically over the next couple of years.

At BLP, we are leveraging big data, 
the cloud and analytics to improve effi-
ciency. One area is reporting, actually 
providing people with the data that they 
need. Another is monitoring, ticketing 
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and field operations. And then advanced 
analytics and forecasting. We collect all 
the data from power plants around the 
world. We are monitoring over 100 pow-
er meters live every second from every 
wind turbine via satellite on the cloud in 
Singapore. From Singapore the data is 
transferred to our control center in Ban-
galore where we do all the monitoring 
and ticketing, the reporting and the ana-
lytics and forecasting.

From there the information goes out 
to the engineer in the field who actually 
climbs up the turbine. He has access on 
an iPad to all the information from the 
time the turbine was installed until that 
very second he is up in the turbine. And 
ultimately we optimize the entire port-
folio to improve the performance of the 
entire fleet. Our approach is all about 
data science: collecting the data and 
making sure we have the right data.

Then we apply our deep domain 
expertise to analyzing this data about 
the performance of the turbines. It also 
requires putting together the entire IT 
infrastructure that can offer security, 
stability and flexibility. We use all that 
to perform the right analytics to achieve 
the output of improved efficiency of our 
wind farms. We’ve developed what we 
call the Gamma approach: we gauge 
the information; address the information; 
map it; model it; and then automate it.

We use a couple of key tools. Visual 
analytics is key for understanding what 
is the right kind of data. We can predict 
very precisely that, say, 100 hours from 
now there will be a gearbox failure, so 
we can fix the problem before the failure 
happens. We rely heavily on cognitive 
approaches and automated rule-based 
alerts to do predictive intelligence. So 
we do three things: analyze the data, 
making extensive use of breakdown 
analysis and Pareto analysis; estimate 
what is going to happen; and forecast 
using all kinds of wind power forecasting 
and historical weather pattern data.

One use case is outlier analysis. At 
any point in time on a wind farm we see 
very wide variations in the performance 
of individual turbines. So we divide the 
entire farm into clusters to figure out 
why one cluster of turbines is perform-
ing better than another cluster in the 
same farm, and where limits are being 
breached. And we try to identify why 
one turbine is performing better than an-
other. We look at different parameters of 
the turbine and analyze the performance 
of each of its components to come up 
with a score for the health index of each 
turbine. This visual diagnostic shows 
temperature measurements across dif-
ferent components of turbines. Each 
colored line signifies a particular turbine. 
We can see that a certain turbine is be-
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yond the proper parameters compared 
to others at the same wind speed.

We do a lot of mean time between 
failure analysis of various components. 
It is critical to be able to know exactly 
when a problem is going to arise before 
it actually happens.

We aim to teach supercomputers how 
to do these analytics on an ongoing ba-
sis by developing algorithms. Now auto-
mated alerts are sent out whenever we 
have a problem at any of the turbines. 
Every second of the day we analyze 
the actual performance of the turbine 
relative to the theoretical maximum 
power curve.

We do a lot of benchmark analysis. 
We compare the performance of tur-
bines among our wind farms. And we 
compare it to other companies’ wind 
farms that we are monitoring for them. 
We study the performance of the tur-
bines, even down to the level of specific 
turbine components.

For power forecasting, we use two 
models: a clear sky model and an 
adaptive linear time series model. This 
enables us to take historical weather 
pattern data and correlate it with data 
that we are collecting from each of the 
turbines. Power forecasting is going to 
become critical as smart grids develop 

and we integrate renewable energy into 
the grid.

Finally, met model validation. We 
continuously analyze the data to com-
pare at any point in time how the mod-
el’s forecast of the energy that would be 
generated matches up with the actual 
energy generated. Now we are working 
on how to correlate historic weather 
pattern data with actual data coming 
from the turbines to enable prediction 
of the weather. That will enable us to 
optimize the pitch and the yaw of these 
turbines to capture energy better, and 
change the way energy is produced 
going forward.

What about the consumption side? 
Can we take the same communication 
technologies that enable us to analyze 
power generation across the country 
and apply them to consumption as well? 
The next big wave of the new energy 
architecture will be all about energy effi-
ciency. How do we become more ener-
gy efficient both on the generation side 
and the consumption side? Smart cities 
will be a great opportunity to implement 
all kinds of technologies. The Indian 
government has announced a program 
to build 100 smart cities India. There is 
going to be a dramatic shift in terms of 
large renewables, and in terms of small 
renewables. There is going to be a big 
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push for clean air. Electric cars will help 
a lot in countries like in India and China. 

What about the centralized grid ver-
sus the decentralized grid? A persistent 
question is what the impact on utilities 
will be. Professor Kitano referred to the 
Uberization of energy. I know that if BLP 
moves toward decentralized solutions in 
India we will be stepping on the utilities’ 
toes. They wouldn’t like it if we started 
owning the consumer as well. But what 
if we can provide a distributed energy 
solution to a billion people? Can the 
government stop us if we go to peoples’ 
homes and give them the solution? We 
are doing pilot programs in a few homes 
right now.

And finally, consumer versus pro-
sumer. The game changers on this is-
sue will be financing the delivery of the 
solution and getting the consumer more 
involved and actually understanding his 
energy bill.

The issue is how to develop a system 
that makes it easy for consumers to 
understand. We need to have an easy-
to-use app that can give a billion people 
the ability to understand the way they 
consume energy and produce energy. 
That would transform how we actually 
produce energy around the world.

And if utilities don’t adapt, newer 
players like BLP will claim the market. 

We don’t have the legacy infrastructure; 
we have the latest in technology and 
flexibility. The system we designed uses 
the cloud so it can scale up very quickly. 
So we can move very quickly to adapt 
to the situation in India. What is going to 
happen in India in energy is exactly what 
happened in telecom. We have 900 mil-
lion cellphone users today in India. Very 
few homes have landlines anymore.

The question is how long until we get 
the cost point down, until we get the fi-
nancing and the business model right, 
to scale all this up India.
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My name is Didar Islam, Managing 
Director and Founder of Solaric, a com-
pany in Bangladesh delivering affordable, 
proven solar technology on a commercially 
sustainable basis to provide electricity for 
household, community and agricultural use 
in off-grid areas.

Solaric’s NANO-grid reduces end user 
cost by as much as 70% through inno-
vative and appropriate technologies. Im-
proved energy efficiency, modularized de-
sign, scalable system, pre-paid metering, 
and power line communication are the key 
attributes of the system. I doubt many of 
us sitting here really understand what living 
off-grid means. It means no electricity, no 
sanitation, no water, no banking, no gov-
ernment. Imagine that. That is 50% of the 
population in Bangladesh.

But in Bangladesh, 3.5 million people 
are using so-called solar home systems. A 
system with one panel, one battery, a cou-
ple of lights. All remote and off-grid. This 3.5 
million number is more than the entire rest 
of the world combined. It was made possi-
ble through system development that com-
bined financing, simple and appropriate 
technology, and an efficient way to deliver.

In 2009 I saw one home using such a 
solar home system. I asked, “Why are you 
using 12 volts?” Basically the system is 
a 12 volt battery and a 12 volt panel. And 
they said, “Well, this is what is available.” 
I asked, “What if we can come up with 
something that gives you almost the same 
benefits of home electricity as being on the 
utility grid?”

But the question is not just the technol-
ogy; it’s whether you can deliver the prod-
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uct. There are three basic elements of a 
successful energy business off-grid. One 
is technical efficiency: your technology 
has to be efficient from generation all the 
way to the consumer. But more import-
ant than that is financial efficiency. Can 
you sell something in an off-grid area and 
bring back the monthly payment to your 
bank account?

They were selling systems on something 
like three years’ credit, at a cost of between 
$150 and $400. A program supported by 
international donor agencies like the World 
Bank and others. It required going door to 
door to collect the equivalent of $5 every 
month. And that money had to go through 
all the layers back to their bank account, 
with lots of pilfering in the process. At the 
end of the day the whole system becomes 
very, very inefficient.

The third element is how to provide ser-
vice. People are buying a product that they 
don’t know how to service. So they are 
relying on somebody else to come to their 
home for servicing. But they are living in an 
off-grid area, far away from any resource 
center. So the cost of providing that service 
also goes up. System efficiency, payment 
collection efficiency and providing service 
to the end user, in combination present a 
big challenge.

The first system we developed was a 
120 volt small solar system, one you can 
plug any appliance into. Built into that was 

a payment system. And that payment 
system was very simple. Because it is 
a product, not a utility or energy. So we 
implemented a fixed, monthly payment 
collection system paid by mobile phone. 
Whether they have electricity or not, people 
have mobile phones. They get a four-digit 
code in their mobile phone and use the TV 
remote to input that code into the device 
and they’re on for one month. And that sim-
ple system was like dynamite. It changed 
the whole process. Now nobody needs to 
go door to door. No bad loans or collection 
and collection efficiency is 100%.

Next we came up with the NANO-grid. 
We talk about microgrids, mini-grids, those 
are in the 100kW, 50kW range. NANO-grid 
is a 3kW system. The same size as in the 
homes that are part of DCOES at OIST. 
But it’s powering 50 homes in a neigh-
borhood within a 2km radius. Each home 
consumes 50 watts, powering a TV, a fan, 
a couple of lights, mobile charging and a 
few gadgets. And the monthly payment is 
$5 a month, roughly; it can vary because it 
is meter-based.

We are now installing 10 of these grids 
every month. Within months we will ramp 
up to 100 systems per month and we are 
signed up with a company in the US to 
do 5,000 of these NANO-grids in the next 
three years. And that’s just the beginning. 
Because Bangladesh alone needs 100,000 
of these grids. There’s a reason why they 
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are so small. Because if the grid size is too 
big, utilization goes down. Because power 
needs in the beginning are very, very low 
in off-grid areas; people are switching over 
from kerosene lamps. We never get near 
100% utilization, but if demand grows then 
it’s very easy to scale up in terms of panels 
and batteries because it’s a DC system. In 
only one place have we needed to scale 
up from 3kW to 5kW.

In the longer term, the world has 1.3 bil-
lion people living off-grid. In Africa it’s 80% 
of the population. We are now operating in 
four countries other than Bangladesh: Tan-
zania, Nepal, Malaysia and India.

We founded the company in 2009, when 
we saw that the price of PV was coming 
down to the point where it would soon be-
come commercially viable. Meaning, we 
wouldn’t need any subsidies, or any do-
nors. Our objective is to innovate appropri-
ate technologies for the off-grid population. 
And that includes not only the generation 
but also the financial gateway.

In Bangladesh the cost of grid extension 
is around $400 on average per home. The 
cost of setting up the NANO-grid, inclu-
sive, even the LED lamps in the house, is 
around half that. Because a 3kW system 
for 50 homes is around $10,000. That’s 
$200 per home. Just 50% of the cost of 
grid extension by the government. This 
is a compelling argument for why many 
people in the world will never see the grid, 

just like they will probably never see a 
landline phone.

Small solar home systems are too ex-
pensive at around $8 per watt-peak for 
a small system with one panel and one 
battery. The monthly installment for light-
ing works out to around $2 per lamp per 
month. And the cost of revenue collection, 
which is the bulk of the operational cost, is 
very, very high for systems like that which 
are fully distributed at the home level.

Five dollars a month. That’s the magic 
number. The percentage of the annual 
income spent on energy in off-grid areas 
is much more than urban areas: 15%+ 
compared to 3% to 4%. In Bangladesh, $5 
per month is the number that the top 60% 
of the off-grid population can actually afford 
to pay. They are paying it either way: for 
kerosene or for a solar home system or for 
other alternatives.

With NANO-grid for the same cost per 
month, $5, they can now actually use 
lights, TV, fan and all the amenities. The 
system looks like this [Slide 8]. It’s a 3kW 
system with a 36kWh battery. Plus an addi-
tional 5kW panel only for day use for sea-
sonal irrigation purposes. We have a small 
generator as a backup, for bad weather 
conditions. For the electronics, other than 
the panel and the battery, the highest cost 
item is the inverter.
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Solaric’s innovative “Inverter-less” tech-
nology, by eliminating the inverter, has 
enabled us to bring the capital expenditure 
down to only $3 per watt-peak, less than 
50% of solar home system products.

The system is 220 volt DC. The gen-
eration and the battery is all in one place 
and a 220-volt cable goes out to every 
home. The home only has one device, 
called the prepaid smart meter. It doubles 
as an energy meter and a fixed monthly 
payment gateway. An energy user can 
top up, just like with a pre-paid phone. But 
if he wants to buy an energy efficient ap-
pliance and pay on installments over six 
months, he can use the same gateway, 
make the monthly installments over the 
mobile phone, get a code, input it and his 
device works.

It’s a complete ecosystem supporting 
the off-grid population. It can support rural 
economies by providing power for small-
scale irrigation pumps and commercial or 
community establishments (such as tea 
shops and local government offices). 

The payment system is centralized. In 
this NANO-grid system people are buying 
only energy, not a product. We call it a vir-
tual utility company. In a country like Ban-
gladesh where the population density is so 
high it is not hard to find sites.

A local entrepreneur operates the NA-
NO-grid system site as his own business, 

basically setting up their own retail energy 
organization. Finding the right people who 
can be trained and trusted to operate the 
NANO-grid is the difficult part. So we have 
a very elaborate screening process.

A NANO-grid costs around $10,000 per 
site. It is financed by every home paying 
a one-time $50 connection fee. From 50 
homes that is $2,500. The entrepreneur 
pays $2,500 as a security deposit to us 
to start the business. He has to submit 
signed documents from 50 homes stating 
that they want to connect, and what appli-
ances they want. Requiring entrepreneurs 
to complete those steps automatically miti-
gates some of the risk.

So we collect $5,000 up front. The re-
maining $5,000 we finance at a commer-
cial rate through commercial banks. The 
entrepreneur gets his return back in 18 
months. The bank gets its money back in 
four years at 9% interest, after which the 
entrepreneur owns the whole system in 
perpetuity. So it’s commercially driven, at 
commercial rates, with no subsidy, signifi-
cantly lower end user cost, and solar as 
the source.

The operator provides one service 
point for the 50 homes, which drastically 
diminishes the cost of providing service 
compared to one system per home. One 
employee paid $100 per month supports 
10 NANO-grid sites, 500 homes. We have 
remote sensing via power line commu-
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nication over the DC cables so we know 
how every NANO-grid is operating, how 
much energy each home is using, collect-
ing all this data without having any internet 
or connectivity.

We can turn the NANO-grid on and off 
remotely. For example, if an operator is not 
cooperating or working right we can take 
over and charge meters directly.
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My name is Laurent Schmitt, Vice 
President for Smart Grid at ALSTOM 
in France.

At ALSTOM, new products means 
mostly smart grids. Smart grids are 
fundamental to transform today’s elec-
tricity grids to address growing demand, 
renewable intermittent and distributed 
generation, and environmental pres-
sures. It is very interesting to see how 
the top-down and bottom-up are con-
verging on similar architectures.

My thinking is that smart grids will be 
both centralized and decentralized.

There won’t be one control center 
controlling these millions of devices. 
We will need a multilayered architec-
ture. Microgrids will be an integral part 
of that. The DCOES project Sony and 

its partners are doing is a good exam-
ple of a layer below that. When we talk 
about microgrids at ALSTOM, we mean 
a range of 1 to 5 megawatts, and a mix-
ture of B2B and B2C applications, not 
just residential.

Five years ago in Europe there was 
a lot being done around renewable in-
tegration. Three years ago in the US 
came the invention of a new model 
called demand-response, and load man-
agement, involving implementing new 
market mechanics for allowing real time 
pricing and demand response.

What we have seen very lately is a 
new area called smart cities.

It addresses how to attract the end 
user into the energy game. The demand 
response concept three years ago was 
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mostly driven through a central utility 
environment. The smart city connects in 
the end user, who has his own Internet 
of Things around him, to induce him to 
think in a clever way from an energy 
system point of view while managing 
the complexity. It’s all about how to 
make the interface and your apps as 
appealing as possible so that the end 
user can set personal targets which are 
easy to understand, immediately calcu-
late savings, and transact with the rest 
of the community.

It would be a pity not to use legacy 
assets of traditional utilities, but there 
are a lot of things growing from the bot-
tom up. One of the challenges is to in-
terconnect these two elements.

What should the architecture be in or-
der to have a stepwise control environ-
ment spanning layers that interconnect 
control centers for very large systems at 
a minimum of 50MW down to layers at 
the kilowatt level?

Meanwhile, renewables pose a prob-
lem for energy systems because they 
are highly intermittent. How can you bal-
ance renewables with storage, looking 
at the entire energy system, and how 
can you control the grid? There are a lot 
of governance issues.

A big question currently is how should 
the transmission companies and distri-

bution companies better work together 
to address renewables in an integrated 
way for the system.

When you reach 20 to 25% of capac-
ity from renewables, which Germany 
or Denmark has far exceeded already, 
the imbalance and instability associated 
with that become a huge issue. With de-
regulation, the balancing of electricity is 
essentially traded on a real-time basis. 
Traders decide strategically to dispatch 
energy depending on the scarcity of en-
ergy in real time.

In Europe, average costs have gone 
down very significantly because of re-
newables, while peak price has gotten 
higher due to situations where you have 
no renewable capacity and high load. 
Now a dispatcher who has a lot of re-
newable energy has to decide almost 
every night, depending on the amount 
of wind blowing in his system, whether 
to curtail it or not. And if he does curtail, 
it turns out as negative pricing because 
he has to pay for the renewable energy 
which is connected to the system.

On the consumer side, that means 
you can make money by consuming at 
home in the middle of the night. So if 
you happen to have a PV system with 
storage in your home, you could trigger 
charging of batteries at that time be-
cause you’ll actually be paid for it.
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Smart cities are about end-user ex-
pectations: First, quality of life, such as 
traffic congestion, electric vehicle de-
ployment. Second, job creation. Last but 
not least, energy efficiency. Basically, 
constructing buildings which produce 
as much as they consume and making 
people aware of energy efficiency so 
that they become actors in building en-
ergy management [Slide 7].

Energy positive buildings will have 
micro-CHP in their basements, PV 
systems, etc., with the objective be-
ing to balance the amount of energy 
consumed by that building in terms of 
kilowatt-hours. The big problem is to 
achieve some form of kilowatt balanc-
ing as well, without burdening the grid. 
What kind of incentive would optimize 
the capacity of the grid for this type of 
building infrastructure?

Another factor is the spread of elec-
tric cars. The average charging pattern 
is extremely bad for the grid. People 
drive home and plug in just as the 
grid is at evening peak load condition 
already. And coordination with other 
transportation like trains makes people 
want to plug in their cars around train 
stations during the day, where it’s al-
ready extremely congested and costs a 
fortune to add capacity to the grid. So 
schemes to displace the charging peri-
od are needed.

Last but not least is the advent of 
devices—internet TV boxes, apps in 
the cloud, smart thermostats—that can 
be used for informing consumers and 
“prosumers” about their energy habits 
so that they can have their own energy 
strategy. Not making them dispatchers, 
but using machine learning behind the 
scenes so the end-user just has to de-
cide whether to keep the level of com-
fort at an optimized level or force a cer-
tain extra usage of energy under certain 
conditions for various reasons.

In developed economies we can’t 
continue with grid planning that involves 
putting in more cables and copper wires 
in the center of the city. We simply can-
not afford any more massive grid ex-
pansion in these extremely complex and 
congested environments. We need to 
build communities that enable people to 
agree on sharing the scarce capacity of 
the grid in the city environment. So what 
we see very clearly emerging is a highly 
decentralized Grid 2.0.

I really like the DCOES Project at 
OIST done by Sony and its partners 
because I think it’s a mirror of the up-
and-coming notion of peer-to-peer en-
ergy management. The fundamental 
question is how to build a system which 
can allow transactions among micro 
energy systems in the city environment, 
enabling some form of market. And how 
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we are going to coordinate AC and DC 
if we connect both into the system, and 
how are we going to integrate micro 
grids into this environment.

Grid utilities are actually putting a lot 
of effort into adapting themselves and 
their technology. So the real reason 
for their inertia is that they are current-
ly badly regulated against these new 
technological options, giving them no in-
vestment incentives in these areas. But 
distributed intelligence with local control, 
inside DC microgrids is a layer in which 
activity needs to be coordinated with 
these higher levels to the best degree 
possible, by a “brain behind the grid” 
[Slide 13].

At the high voltage transmission level, 
markets for energy have been created 
and begun to be interconnected with 
each other in Europe and the US. The 
next sub-layer is balancing the system 
at the country level, in European terms. 
And then an emerging platform for being 
able to balance the system at the level 
of the city, taking into account the con-
straint of what happens in the microgrid 
environment [Slide 15].

The multilayer architecture is all about 
getting the right price for flexibility. And 
to get the right price, you need to start 
at the top layer, because if you ignore 
that at the bottom layer, you totally dis-
turb what happens at the top. The first 

step is smart regulation of transmission. 
How are we going to open up these 
markets so that they provide good price 
signals to the layers below?

It’s not a matter of pure mathematical 
optimization. In deregulated democ-
racies, these layers are actually more 
matters of governance. It is a matter of 
how we adapt the optimization to the 
governance of our society.

As an example, we have a project 
called NiceGrid with France-based utility 
EDF. It features AC microgrids with a 
host of different PV and other genera-
tion, different storage, at the community 
level and micro-community or pico-grid 
level as well as the home level.

This project covers 10,500 inhabi-
tants in an area which has a significant 
amount of solar PV, 1.8MW peak. The 
total peak capacity of that area is around 
20MW [Slide 22 in PDF]. The system on 
the community level is a 400kV line con-
necting down to a 20kV substation. That 
feeds 88 substations at low voltage, and 
community energy management occurs 
on top of that system.

In developing a control mechanism 
allowing optimization of all these sys-
tems together, you start to realize there 
are different signals to be managed in 
parallel. One is a traditional demand-re-
sponse signal, which is basically load 
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and generation balancing based on sig-
nals coming through at the high voltage 
level from the total system perspective. 
Other types of signals are voltage con-
strained signals, simply because of the 
fact that if you take a certain feeder 
of low voltage, and start adding 60% 
more PV, this feeder is going to get 
congested itself.

So if you want to do co-optimization 
of all these elements, you cannot purely 
look at the high-voltage transmission 
level, you also need to look at the dis-
tribution level. Here the mechanism we 
used is a marketplace, simply because 
this system does intervene behind the 
meter and with the consumer. This is 
no longer about a utility issuing its own 
decision to a refrigerator or EV some-
where. It’s about enabling the end user 
to decide the way he wants to control 
things, and informing and requesting 
and proposing the degree of flexibility 
of his control back to the energy system 
[Slide 21].

Apart from building a technological 
environment, what we ended up doing 
is building a community of people. We 
ended up having 550 customers with 
smart meters start to benchmark each 
other: how is my neighbor doing on 
efficiency compared to myself? To in-
form people of how the energy is being 
managed clearly requires building that 

consumer environment. Much like Mr. 
Islam’s NANO-grid, I would say.

The city itself takes over that coordi-
nator role, to market and explain energy 
efficiency to the citizens. That’s what I 
call a smart city. Our software is called 
Network Energy Manager. It looks at PV 
production forecasts and load forecasts, 
calculating low voltage constraint valu-
ation, and runs a mini-market, a trading 
platform which allows end users, what-
ever size of battery they have, wherever 
they are located, whether they are B2B 
or B2C, to trade and make offers for 
flexible services back into the system.

This is no longer a load leveling ap-
proach without economic thinking; in-
stead there are people actually trying to 
trade with each other for peer to peer 
energy management. We still have the 
grids, but peer to peer energy manage-
ment is a new way to transact energy 
through this environment.

A software layer manages at the city 
level. It shows the solar PV output and 
forecast, how much energy is stored 
where, and who is making which bid 
for what. One example is called a solar 
peak bid, which offers incentives for 
people to use as much energy as pos-
sible during this peak power capacity 
time. The architecture of the system has 
pico-grids each with their own storage 
and own inverter.
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One of the challenges is to transmit 
data across these various infrastructure 
components. We are mostly using a 
broadband power line carrier down to 
each home for collecting real time data. 
Real time data is extremely important 
for several reasons. First, because PV 
is extremely intermittent and it’s intermit-
tent in real time.

Secondly, if you want the consumer 
to interact with the system, you must 
deliver them real-time information about 
exactly what’s happening, so that he—
or a machine learning system he lets 
control it—can be aware if he is interest-
ed in this information.

We are deploying a similar system 
in the French overseas islands, which 
have a similar situation to Okinawa. That 
system connects down to microgrids in 
very remote areas, lets the microgrids 
run as efficiently as possible, and re-
solves the issue of grid balancing.

I think the real challenge is to craft the 
business model. The problem we have 
is we think too much in silos with our of-
ferings. But building microgrids enables 
you to tap multiple revenue streams, 
because you not only bring value to end 
users, but to the energy market.

You are flattening the volatility of the 
market, as the microgrid trades in the 
market. You also bring value into the 

grid, which is another very important 
element. The grid, to be able to operate, 
must be able to manage reserve. Once 
you control microgrids with demand re-
sponse and so on, not only can you do 
load management of your grids, but if 
it happens that the grid has a big prob-
lem over a span of five to 10 minutes, 
microgrids can actually sell reserve ser-
vices to the grid.

So that means the original revenue 
stream based on energy efficiency and 
load management can add one or two 
extra revenue streams. Deregulation is 
the only way to move forward, simply 
because we’ll never get there in a verti-
cally integrated model.

The hundred million euro question for 
the world is how are we going to price 
distribution grids in the context of a lot 
of distributed renewables? How are we 
going to make payments to those who 
connect to the grid for the short term, 
because the grid has value for certain 
short-term services, while still providing 
an incentive for them to use the grid as 
little as possible? And how are we going 
to rebalance the cost of the grid which 
is potentially not being subsidized as 
much as before by them? I don’t think 
the model has really been found yet.

We are having interesting discussions 
with Sony about the need for open, 
flexible, interconnected and interactive 



Okinawa Institute of Science and Technology Graduate University
The Second International Symposium on Open Energy Systems50

D
AY 1 : February 2, 2015

models for bridging the two steps of the 
scale. There is absolutely no doubt that 
a microgrid coordination layer is fun-
damental to avoid overinvesting in in-
frastructure. But it has to be connected 
back with the grid system.

Even emerging economies, as they 
grow and develop industries, they will 
naturally have increasing power density, 
which I think will present a better busi-
ness case for a grid. And when the grid 
does come, I think it will be important to 
have microgrids which can interconnect 
back with the main grid. They could start 
with pico-grids like SOLARIC’s up to a 
point where the environment becomes 
sufficiently industrialized to interconnect 
back with the grid. That will save the 
utility capacity and capex expansion for 
base load generation. The question will 
be how to make use of those pico-grids 
from day one when the interconnection 
comes.
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My name is Riccardo Amoroso. I am 
the Chief Innovation Officer of ENEL 
Green Power. I’d like to talk to you today 
about storage integration with renew-
able power plants and the pilot projects 
we are doing at ENEL Green Power to 
understand the business models.

ENEL is a very large power utility 
with almost 100 gigawatts in capacity 
worldwide, in 40 countries, serving more 
than 60 million customers. More than 
60 percent of ENEL’s revenue comes 
from outside Italy. ENEL Green Power 
is an IPP player with a focus on renew-
able power plants only, and more than 9 
gigawatts of renewable capacity around 
the world.

We definitely are the most diversified, 
both in geographical and technological 
terms, among peer companies. We will 

be moving from the developed country 
environment into the emerging market 
environment. More than 80 percent 
of our capital expenditures goes into 
emerging countries, focusing on solar 
PV. We have more than 300 megawatts 
of PV plants in operation, almost 500 
megawatts of PV plants in execution, 
and 4 gigawatts of short term pipe-
line, and another 3 gigawatts of long 
term pipeline.

We foresee that like the technologi-
cal breakthrough of six or seven years 
ago in PV, we will see a similar pattern 
in storage. We are keenly focused on 
understanding the business model and 
economics of new business opportuni-
ties made possible by technological in-
novation in storage. Renewable is going 
to grow a lot over the next few years.  
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Solar and wind are going to drive most 
of the megawatt growth. Asia and other 
emerging markets are going to grow 
the most.

Here is some real case data from Ita-
ly about how significant the impact of re-
newables will be on the operation of the 
grid, and the challenges that it imposes 
on the system. In Italy in 2010, there 
were around 60 gigawatts of solar ca-
pacity, and since then 20 gigawatts have 
been added. Here you see how the 
amount of electricity circulating through 
the transmission lines has declined year 
after year. Minus 40 percent during the 
peak PV generation hours [Slide 9]. So 
PV is substantially changing the way 
a transmission system operator has to 
manage the in-flows and now out-flows.

You can see the challenges that an 
individual PV plant poses for the grid, 
both on clear sky days where the issue 
is forecasting, as well as cloudy days 
where in addition to forecasting, you 
need to manage the spikes that individ-
ual clouds will generate on the system. 
Imagine this on a scale of thousands 
of PV plants feeding into the grid [Slide 
10]. You have the same issue with wind 
power: how to forecast the wind gener-
ation pattern, and how to manage the 
imbalances between anticipated wind 
production and actual wind production.

One major technology which is com-
ing online to bridge these issues is 
storage, particularly battery storage. A 
number of services can be implemented 
by integrating storage into renewable 
plants, such as curtailment limitation and 
energy shifting, peak shaving, voltage 
regulation, frequency regulation, black 
start, and islanding [Slide 12 in PDF]. 
Existing power plants without storage 
basically do most of those things poorly 
or not at all. Applying storage opens up 
a number of energy shift options, and 
allows better regulation of the grid.

This has regulatory implications, be-
cause we are at the very beginning of 
a process of determining how to remu-
nerate all these services and shape a 
different market. Some key facts about 
the storage market so far. For utility 
scale applications, roughly 100 mega-
watts commissioned in 2014, with more 
than 400 megawatts announced. Still a 
market very largely driven by policy in 
different markets.

Lithium-ion batteries are emerging as 
the clear winner in terms of technology, 
but a lot still needs to happen before we 
know what is going to be the winning 
technology when it comes to integra-
tion with renewable. We expect a huge 
cost reduction trend driven by electric 
vehicles. I think the driver will be the 
technology that wins the electric vehicle 
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game, because that will drive volumes 
upward significantly. And there is the 
possibility of using those batteries, in 
cars up to 70% capability, and then re-
deploy them at a much lower cost in a 
stationary system application.

We’ll see hybrid system renewable 
storage emerging as a clear solution, 
with demand growth starting from ar-
eas where there is grid limitation or in 
emerging markets.

There is wide consensus of spec-
tacular growth in storage volumes in 
the coming years; it’s likely to reach 
almost a gigawatt per year in the next 
eight years or so. Forecasts are always 
wrong in and always in one direction: 
they underestimate the cost reduction, 
and they underestimate the volume in-
crease. We’ve been trying to map which 
applications of storage to renewable are 
using which technologies [Slide 16 in 
PDF]. And we are trying to map technol-
ogies to services [Slide 17 in PDF]. At 
ENEL Green Power we are now moving 
into the pilot project stage.

Now we are buying storage systems 
in the range of several megawatts/
megawatt hours. We are coupling them 
with renewable plants, both PV and 
wind, to evaluate not only the techno-
logical challenges, but also the business 
challenges. We have technical partner-

ship agreements with OEM, players like 
GE, Samsung, Toshiba, and Tesla.

We are testing three main business 
models: ancillary services, energy shift, 
and imbalance reduction.

On-grid we have several projects in 
Italy [Slide 20]. Off-grid, we have this 
project in Chile. Chile today has enor-
mous growth of PV deployment, thanks 
to the fact that it is very sunny, the 
LCOE, and the cost of production. Solar 
is actually in the money, lower than the 
wholesale price, but it’s not dispatch-
able. So you need to couple it with stor-
age, and the more storage you deploy, 
the higher the cost.

In Chile we are testing a smaller 
scale project. This one is a 200 kilowatt 
PV plant coupled with a 250 kilowatt to 
520 kilowatt hour battery, along with a 
small 30 kilowatt wind turbine. With die-
sel generation as a backup, altogether 
serving an off-grid load of a local com-
munity [Slide 21].

In implementing storage you need to 
aim at having a wide array of services, 
coupling together frequency regulation, 
power regulation, energy shift, and price 
arbitrage. At ENEL Green Power we 
are working in 20 countries, monitor-
ing all the different markets and finding 
which specific combinations of coun-
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tries and services offer the best return 
on investment.

We are on the edge of commercial 
deployment of storage-integrated re-
newable. A lot has yet to happen in 
terms of regulatory framework definition 
by the various countries, but there is 
huge potential. We are using an open 
innovation approach at ENEL Green 
Power. We have a crowdsourcing initia-
tive, so if you have an interesting inno-
vative idea that you want to share with 
an innovative utility, you can go on our 
website and submit your idea, and we 
will consider it for a possible technologi-
cal partnership agreement.
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Prof. Hiroaki Kitano: Is the consensus 
at this moment that solar photovoltaic 
and wind turbines are the two major 
sources for the types of grid we have 
heard today, or are there any other pos-
sible resources to hook up?

Mr. T. P. Chopra: My initial thought four 
years ago was, Let me focus on the 
biomass side because India produces 
540 million tons of biomass waste every 
year, which theoretically can produce 
54 gigawatts of energy. India produces 
200 gigawatts of energy, so nearly 25 
percent of all India’s requirement tech-
nically could come from biomass. The 
challenge I find with biomass is the sup-
ply chain—how do I get into a 20-year 
contract with a farmer to provide me the 
biomass, to provide me the cow dung 
on a reliable basis for 20 years?

  With hydro, the execution risks have 
become very, very high and environ-
mental risks have become very high. 
So net-net, when you look at the cost 
curves and economics of solar PV, wind 
and solar are beginning to differentiate 
themselves from other technologies in 
the clean energy space.
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  Nobody expected such a rapid de-
cline in solar PV prices as the way 
it’s happened.

  The CEO of Trina Solar recently made 
a very dramatic statement that he ex-
pects a 50% reduction in solar PV pric-
es over the next few years.

If we see a 50 percent reduction that im-
mediately puts all the other technology 
generation platforms at risk, so in the 
longer term I think wind and solar will be 
the two clear winners.

Kitano: What about Bangladesh?

Mr. Didar Islam: What works is what is 
simple, and solar is the simplest solu-
tion. Just put it up, it works. Nothing gets 
simpler than this, and this is the reason 
why off-grid is dominated by solar.

Kitano: What’s the situation in Europe?

Mr. Laurent Schmitt: We believe that 
it is going to be a portfolio mix issue 
and not a single silver bullet winning 
everything. What is clear is that PV is 
going to have a large share of it. We do 
see more and more products where we 
have heat networks sharing heat across 
several buildings. And we should not ne-
glect fuel cells in electric cars, because 
that is going to resolve big problems in 
that space with that micro generation 
you can run at marginal costs.

Kitano: Will portfolios be implemented 
universally across regions?

Mr. Riccardo Amoroso: When we se-
lect new markets, there are three things 
we look for. One is the availability of 
world-class renewable resources, be-
cause in the end, that’s the real driver of 
the economics in an unsubsidized en-
vironment. The second is a growth en-
vironment because that justifies adding 
capacity, so you’re not going to replace 
existing capacity; you’re going to meet 
new demand. That’s very important to 
create upward pressure on wholesale 
prices of electricity. Third is a stable 
regulatory environment, not subsidies, 
but rules that are not going to change 
every other day. In countries that have 
all three of them, we’re moving in with 
new investments.

  Now when it comes to the technolog-
ical choice, there’s no single answer. 
There’s going to be a mix. Renewable is 
going to play a very large part in terms 
of new capacity. Obviously for sure the 
largest share of new capacity. The num-
bers for wind we see are in the $50 to 
$60 per megawatt hour and in PV be-
tween $60 and $80 per megawatt hour. 
Both technologies are now competitive, 
wind more than PV at the moment, but 
PV has more potential for cost reduction 
in the future.
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Chopra: In the off-grid area, in consid-
eration of service costs and all these 
things, you don’t want any moving parts. 
It has to be so simple that it’s basically 
maintenance free.

Kitano: Although the wind has a slight 
cost-benefit edge at this moment, soon-
er than later PV will probably overtake 
it. But since PV can generate only in the 
daytime, it really comes down to the is-
sue of storage. And we’re in agreement 
that storage costs are going to go down. 
Do you think the best bet is to continue 
to expect improvement in lithium-ion? 
Do you have any new kinds of storage 
technology on your mind that might ac-
tually overtake lithium-ion in the mid-
term?

Amoroso: It’s really early to assess 
who’s going to be the technological win-
ner of this game.

Kitano: Is there a storage cost inflection 
point in India and Bangladesh? What 
would be your take on the target cost for 
the storage side?

Islam: For off-grid I can tell you that 
number. It’s ten cents per watt-hour. 
This is the number that we are using for 
flooded lead acid battery technology. 
Now given the fact that lithium batteries 
are higher performing in terms of both 
discharging capacity and also longevity, 
the levelized cost turns out to mean that 

you can do thirty cents per watt hour 
and be equivalent to what we are using 
now. The price right now in the market 
is almost double that figure of 30 cents 
per watt hour. So if we hit 30 cents per 
watt hour today, we would be at par with 
the older lead acid batteries. The fore-
cast is within two years we will hit lower 
than that.

Chopra: The exciting part about the 
battery storage technology is that the 
technology available today may not be 
the technology of tomorrow.

A lot of these cooler technologies are in 
pipelines in labs around the world that 
may really disrupt what there is today 
and put lithium-ion out of business. But 
other reasons may drive adoption of 
something that may not be the most eco-
nomically or technologically advanced.

Kitano: So that’s the good news, that 
we’re going to have continuous reduc-
tion of PV costs and we’re going to see 
dramatic innovations in storage. Now 
the struggle is to distribute and to pro-
vide the real consumer value. How do 
you actually save people money on the 
electricity bill, as a very obvious and 
tangible benefit? What will enable home 
energy management systems to pene-
trate the market?

Schmitt: They will have to get people 
excited about energy, so that potentially 
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they devote as much attention to it as 
they do today to an iPhone. The ques-
tion is whether we can deploy technol-
ogy that can make a customer willing 
to pay more because it offers more ser-
vices, as with an iPhone.

Home energy management is not a 
pure energy play. It’s a lifestyle man-
agement play, connected with comfort, 
with security in your home, and so on. 
So how is the energy app going to pop 
up into a portfolio of apps to make your 
lifestyle and life better? A lot of home 
energy management technology is very 
old fashioned in the way it grabs data 
from the meter and so on. I want to 
know what I consume now and what I 
potentially can do now in my lifestyle, 
not what I did three days back.

How can you embed this into the life-
style of people and make it fun for them 
to play with it? That trick has not been 
found yet by anyone.

Chopra: The success of home energy 
management will not come from giving 
me information. As a consumer I’m al-
ready overburdened with information. 
My simple request is that somebody in 
the world reduce my cost of energy. My 
bill was 35,000. Bring it down to 20,000. 
Figure it out. Don’t bother me with it. I 
don’t have time to keep looking at my 
voltage and my frequency every day. 
And I think if we can provide that ser-

vice to consumers, that’s when it’ll really 
take off.

Kitano: After Japan’s major earthquake, 
there was a quite substantial change in 
energy policy, and a lot of people tried 
to save energy, use less electricity. And 
people tried their best to get into a lower 
volume contract by switching off every-
thing they could. So if you can dynami-
cally adjust without undermining quality 
of life, then that could be interesting.

Some might say, what about gamifica-
tion? But give me a break—people are 
not going to stare at their energy bill for 
more than two minutes per day. Prob-
ably not even two minutes. So, aside 
from cost reduction, any other ideas?

Schmitt: My view is yes, there will be 
new things created around some form 
of gamification. Each individual has a 
certain energy footprint which he can 
afford, and if someone can find a game 
approach which gets people to be 
aware of that and make an effort, I think 
that could work.

Islam: All this energy management 
service was more like an engineering 
solution shoved down your throat, rather 
than asking what is required. Now peo-
ple pay for value, not only just cost. The 
iPhone is a good example. When we 
first developed this payment gateway, 
we shipped a remote control with it. We 
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did that to make it simple, something to 
play with, just like a toy.

  Everybody asked, why are you giving 
the end user a remote controller, which 
he only uses to pay you? That doesn’t 
make any sense. So we give them a 
small switch on the remote. We call it a 
smart switch. All they can do with that 
switch is turn the light off and on, or dim 
the light. But that’s play for them, a tool 
they can play with. It’s value added to 
the system, instead of trying to force 
some solution.

Kitano: One of the reasons I raised the 
issue of home energy management is 
how we manage demand response. 
At the end of the day for end users, 
it’s electricity just electrons coming in. 
That’s it. It doesn’t really matter what 
kind of power sources, what kind of 
architecture we’re going to use, if you 
don’t provide the value, like cost re-
ductions, stability. Of course we can 
claim, this is sustainable, so you are 
doing a good thing. But at the end of 
the day it boils down to the really simple 
economics actually.

So we are actually seeing a big change 
in perception in terms of cost compet-
itiveness of renewable energy. Last 
year, or the year before, when we were 
talking about renewable energy, it was, 
“Great, it’s sustainable!” But the cost 
parity was not there so government 

subsidies and feed-in tariffs etc. was the 
focal point of the discussions. And now 
we are seeing that renewable is going 
to be competitive no matter what and, 
soon.

Amoroso: It’s absolutely a major break-
through. The costs of renewable is 
now in the money. Not in every market, 
no, there are specific markets where 
the resource is world class where this 
happens. But there are more and more 
markets like that, typically with a combi-
nation of world class resources and high 
growth, because high growth triggers 
the need for power and the need to pay 
for that power. That a pure wholesale 
price comparison is already in the mon-
ey is of paramount importance.

And if you compare not only the whole-
sale price but the retail price including 
transmission and distribution, in the 
case of new capacity to be added to the 
grid, so new transmission lines to be 
added, new distribution lines to be add-
ed, then the equation is even more im-
portant, because renewable is the one 
that allows for distributed generation.

Of course you need to account for stor-
age to make it fully predictable and un-
interruptible. And that’s where the game 
is going to be played now. Because 
storage is still not fully in the money. But 
the cost is going down so significantly 
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that it’s becoming in the money in a real 
short time.

Kitano: Let’s say you were specifically 
going to deploy a DC, renewable micro 
grid with battery storage that is scalable, 
and can be independent, like the tech-
nology we have here at OIST. If you had 
to pick two major initial markets to enter 
in a developing country and a developed 
country, who are you going to pick?

Islam: I will say if it is off-grid, go to 
Africa. Where 80 percent are off-grid. 
Africa is so vast and so big in the sense 
that the regular grid will never reach 
there. So the market is just sitting there 
and waiting.

Chopra: I’m biased and I’d say India. In 
India, we have a new government that’s 
pushing like crazy to get electricity for 
all. We have 300+ million people who 
don’t even have electricity. Yet at the 
same time we have a fairly decent grid. 
The amount of money the government’s 
going to be spending in T&D in India is 
going to be as much if not even more 
than generation because I think they 
see that as a huge opportunity for fig-
uring out how to integrate exactly what 
you are doing, which is the large grid 
with the small microgrid. And how do 
you get the two systems to talk?

Schmitt: I would look at either the grow-
ing economies, in segments of users 

with a growing capability to invest, and 
B2B based communities into strength-
ening the quality of the grid through 
micro grids on the one side, and on 
the other side I would bet on the social 
aspect. In Europe and the US we are 
going towards a very distributed archi-
tecture, simply because people don’t 
like nuclear any more. The complexity 
of the service is higher, which hopefully 
offers me the chance to better differenti-
ate my service.

Amoroso: India for sure. It’s going to be 
a key market. Not an easy market for a 
non-Indian but absolutely a key market. 
China is obviously the answer, but even 
more tough for non-Chinese. Other 
markets in Asia Pacific that may bring 
a lot of satisfaction in the future are the 
Philippines, Thailand and Indonesia. In 
Africa I would say for sure South Africa 
will keep on the path to being a major 
market in the future, with Morocco and 
Egypt, potentially two newcomers de-
pending on the geopolitical situation. In 
Latin America, for sure Brazil will keep 
on being a strong market, also Mexico, 
and Chile I would say.

Whitney: What major disruptions and 
inventions and whole new categories of 
things do you imagine might occur if the 
cost gets low enough that we can give 
reliable power not to 2 billion people in 
the world but to 5 more billion people? 
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We increase the power to more than 
twice the number of people?

Islam: Now, 150 years after Thomas 
Edison, we are beginning to appreciate 
the value of DC. I think in our lifetime, 
all appliances will run from DC, and 
people will have a choice, either to use 
DC coming into their home, or AC com-
ing into their home. So they will not be 
bound to one or the other and all appli-
ances will run seamlessly whether you 
have DC or AC.

Amoroso: From the sustainability angle, 
imagining a world in which everybody 
has free, even green energy, but free, 
the push for trying to reach middle class 
status on a billion people level made 
me think about the challenges on planet 
earth’s resources that would derive from 
having billions of vehicles, billions of 
TV sets, billions of you name it. That’s 
scary to think about.

Schmitt: Whatever the costs of batter-
ies and so on, we will end up with a sys-
tem which will be much more strongly 
constrained. So the value of that con-
straint I think will drive us towards these 
micro transactions, and that goes also 
with a social aspect of our societies.

Chopra: I was trying to think about what 
is that one thing that might be the real 
game changer. I think it’s all going to 
be about data. And about analytics be-

cause the guy who controls data, and 
the person who is able to analyze this 
data, understand it and provide a solu-
tion I think data is going to be really the 
key. I think we are entering an informa-
tion age, which is going to be driving a 
lot of the energy systems as well.
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I will give a summary of some of the 
trends and changes we are seeing in 
the energy industry: how innovations 
behind the meter control and energy 
storage are set to disrupt the conven-
tional operation and planning of energy 
infrastructure, and what that means for 
utilities. At MaRS, we work with entre-
preneurs across a range of sectors, 
including energy, to help them to grow 
their businesses, and with venture capi-
talists or corporate investors to get capi-
tal into these companies.

We now have one of the world’s larg-
est innovation centers in Toronto’s his-
toric Discovery District, operated by a 
public private partnership.

A mix of entrepreneurs, law firms, 
and venture capital firms all in one place 
provide the ingredients to move inno-

vation forward, with the goal of creating 
jobs. One partner calls it, “Silicon Valley 
with a roof over it.” As the companies 
move through the stages of growth, we 
offer different services to them along 
the way. I work in Cleantech, one of our 
three main practices, which includes 
energy innovation.

About 50% of MaRS Cleantech inno-
vation is energy related. Within MaRS 
Cleantech, we have three different en-
tities: 1) Venture Services, working with 
the entrepreneurs to equip them with the 
market intelligence and education, skills 
and training that they need to move their 
businesses forward with mentorship and 
practical advice from the venture capi-
tal community and investors; 2) Arctern 
Ventures, a private venture capital fund 
with investments in about a dozen com-
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panies that we work with; and 3) the Ad-
vanced Energy Center, which works on 
systems change, trying to open up the 
sector to innovation by bringing utilities, 
regulators, and entrepreneurs together 
to try to solve problems, first in Ontario 
and then leveraging those successes in 
other markets.

Ontario’s Feed-In-Tariff Program for 
solar and wind led to more manufactur-
ing activity in the area. Because having 
local manufacturing boosts innovation, 
Ontario has outsized energy innovation  
for a region of our size.

Ontario also rolled out 7.6 million 
smart meters to reduce the cost of me-
ter reading and to allow energy prices 
to vary by time of day. It only reduced 
peak load by about 2-3%. But the data 
from the smart meters is collected in a 
central database every 15 minutes. And 
we started to make a lot of interesting 
discoveries from that data depository. 
For example, we started combining the 
smart meter data with other data sets, 
such as municipal property tax data (size 
of the home, age of home, number of 
occupants). So far, we are just scratch-
ing the surface; there is much more 
to discover.

We also launched an access-to-data 
program that allows the ratepayer to se-
curely share his data with a third party 
company that might come back with an 

app or suggestions to reduce energy 
consumption. We have also started to 
do some energy storage procurement. 
50 megawatts is not a big number but 
as we go through the process we are 
starting to see the regulatory issues you 
come up against. [Slide 17] shows cate-
gories in the Cleantech practice and the 
amount of capital raised in each sector 
over the last four years. Energy cate-
gories dominate with IT smart grid and 
energy storage the most interesting for 
future job creation.

Many MaRS affiliated companies 
are based around home automation; 
for example, chips enabling appliances 
to communicate within the home, and 
programmable thermostats similar to 
Nest. We believe the five biggest driv-
ers of change are low cost distributed 
generation; customer control behind 
the meter; energy storage innovation; 
new business models; and utilities fac-
ing aging infrastructure and decreas-
ing revenues. Utilities in Ontario are 
somewhat in panic mode right now as 
they begin to realize that the sector is 
changing dramatically.

Behind-the-meter control is taking off. 
The energy segment of the Internet of 
Things market will grow from 2.25 billion 
in 2012 to 8.61 billion by 2020. Con-
sumers can save energy and control 
energy with smart appliances. Appliance 
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manufacturers can bid into the capaci-
ty-based electricity markets. With more 
and more connected devices, consum-
ers now have control over what’s going 
on inside the home. Nest was bought 
by Google for $3.2 billion not because 
of their attractive, smart thermostat, but 
because they have a plan for getting 
into the electricity market.

Nest has a question on the warran-
ty card: “Do you want to participate in 
demand response?” When Nest has 
enough thermostats within a region, 
they will bid into the capacity market. 
They will be able to shut your air con-
ditioner down and reduce peak load. 
The thermostat owner could receive 
a check from Nest in the future for the 
portion of the capacity market that Nest 
bid into with your appliance. Utilities are 
taken aback because they didn’t realize 
that gas plants used for peak power 
production might be competing with a 
thermostat that actually has no real cost 
to bid in—someone already paid for 
the thermostat.

Nest is taking the consumer relation-
ship away from the utilities and putting 
it into the hands of someone else. In-
stead of paying your utility bill, imag-
ine getting an energy check from an 
appliance manufacturer.

We’re seeing some really interesting 
innovations in energy storage. One of 

the most potentially disruptive to the 
energy industry overall is power-to-gas 
energy storage: using an electrolyzer 
to produce hydrogen, a fuel that can 
be dumped right into the natural gas 
system, or combined with CO2 to make 
natural gas, or saved for vehicle fueling. 
I believe that energy storage is going to 
change the game for hydrogen, provid-
ing a window for selling units for energy 
storage purposes until the number of 
fuel cell vehicles is sufficient to justify 
hydrogen infrastructure.

Integrating power-to-gas with wind 
power will provide a useful buffer for ex-
cess power instead of having to curtail 
the load, or the supply. An electrolyzer 
can also provide frequency regulation 
as a paid service by responding in real 
time, second by second, to control the 
frequency on the grid, with hydrogen as 
a valuable byproduct.

Another disruptive innovation is stor-
ing compressed air underwater, using 
the pressure of the water to help contain 
the air. The bags that hold the air are a 
proven, low-cost and quite reliable tech-
nology, long used to lift sunken ships. 
The deeper the water, the higher the 
containment pressure, and the better 
the economics. An underwater com-
pressed air company in Ontario won a 
competitive bid for a contract in Aruba.
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The convergence of IT and energy is 
reducing barriers to entry for companies 
with new business models based on 
data analytics that don’t require much 
infrastructure investment. For a million 
dollars in venture capital you can get 
a company off the ground versus $10-
15 million for big infrastructure projects. 
These capital-light companies can move 
much faster than any infrastructure 
company. They use open collaboration, 
open software and shared protocols to 
connect appliances, for example.

This shifts customer relationships 
away from the utilities, which is al-
ready making them extremely nervous. 
Simultaneously, much of the utilities’ 
infrastructure is past its service life; 
significant investment is needed just as 
utilities are starting to see drops in rev-
enue. And they are struggling to keep 
pace with innovations due to spending 
constraints and a risk-averse culture.

Ontario Power Authority started a 
program called the Peak Saver Program 
to control air conditioners for reducing 
peak loads, in exchange saving the cus-
tomer a small amount. When I signed 
up for it, my local utility rolled a truck 
and installed a surprising amount of 
equipment on my air conditioner. Then 
I learned that it is controlled from one 
switch that takes down all the air condi-
tioners in Ontario at the same time.

Now along comes Nest. I paid for 
the thermostat. No truck came to my 
house. Nest knows when I’m home and 
whether or not I care whether my air 
conditioner goes off. They can shut off 
different regions of the grid selectively. 
Less than a year after the utility spent 
all that money, everything that they had 
installed was inferior to the product I 
bought myself.

As soon as people start leaving the 
grid it creates a very dangerous scenar-
io in which the people that leave the grid 
are the ones with the capital to invest in 
doing so, and the ones that stay on the 
grid are those that don’t have the capi-
tal, probably the lower class. So now the 
same amount of infrastructure is serving 
only the lower class, reducing the reve-
nue base that is paying for electricity.

We did a survey to find out what’s 
stopping innovation in the sector. Major 
factors were: heavy regulation; a culture 
of government-led direction; the orga-
nization of the electricity sector; and 
utilities not necessarily knowing what is 
possible [Slide 27].

In Ontario, for example, regulations 
did not accommodate energy storage 
until recently. And benefits are very diffi-
cult to monetize over multiple stakehold-
ers. Some of the benefits of electricity 
storage accrue to the transmission and 
distribution side, others to the system 
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operator side. Who pays for the system 
when a portion of the benefits are go-
ing here, and a portion of the benefits 
are going there? Innovation is coming, 
whether entrepreneurs and innovators 
go straight to customers or they work 
with utilities.

We believe that if the utilities work 
together with the innovators, we can 
generate a significant advantage, cre-
ate sustainable jobs through exports, 
and have utilities help these innova-
tors sell in other jurisdictions as well. 
Of course, the regulatory mechanisms 
need to change to reward operational 
and system efficiencies. MaRS as an in-
dependent third party brings the utilities, 
regulators and innovators together to 
discuss the situation. We’ve had a lot of 
success and we are helping to get some 
regulatory change.

If we can do it first in Ontario, there’s 
a massive export market because all 
jurisdictions are looking at similar chal-
lenges.



Okinawa Institute of Science and Technology Graduate University
The Second International Symposium on Open Energy Systems70

We recommend using a QR code reader to download each presentation PDF to a tablet or smartphone. All QR codes generated at http://qrstuff.com

 Download the presentation PDF: http://bit.ly/1A8B8EG

[ Slide 27 ][ Slide 17 ]

Speech 8: Mr. JON DOGTEROM
Infrastructure Disruption



Okinawa Institute of Science and Technology Graduate University
The Second International Symposium on Open Energy Systems 71

D
AY 2 : February 3, 2015

My name is Akihiro Kogure, and I 
am the Executive Managing Director 
of Eneco-op. Eneco-op is a subsidiary 
of Co-op Sapporo, a consumer coop-
erative in Hokkaido with a membership 
ratio of over 50% of households. Hok-
kaido is Japan’s northernmost main is-
land, and has a cold climate and a lot of 
snow. I will be speaking on the topic of 
power system reform and business op-
portunities in Japan, with a case study 
from Hokkaido.

Speaking about the future of elec-
tricity technology and policy in Japan is 
like talking about the past for the U.S. or 
European countries. Let me start by out-
lining the electricity business in Japan.

There are 10 vertically integrated 
power companies called EPCOs, and 
new entries called PPSs (power pro-

ducers and suppliers).Market volume 
is 1,094 terawatt hours. There is retail 
competition for over-50kW customers 
(62% of the market in 2013). The share 
of power sold by PPSs (i.e., not by EP-
COs) was only 4.2% in 2013.

In 2000, the Japanese government 
liberalized the market for the highest 
voltage segment, constituting 26% of 
power sales, and then in 2004 extended 
it to the over-500kW segment, 40% of 
the total power market. And in 2005 they 
opened the over 50kW market, 63% of 
the total power market.

Why is only 4.2% of the liberalized 
segment supplied by new entrants? Be-
cause they can’t sell electricity on the 
market; only 0.6% is trading in the mar-
ket. Almost 17% of electricity is generat-
ed by non-EPCOs, but it is mainly sold 
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to the EPCOs on a long-term contract 
basis [Slide 6].

Before the Great East Japan Earth-
quake, nuclear provided almost 30%, 
and natural gas almost 30%, of Japan’s 
electricity. Now natural gas accounts for 
40-50% because we can’t use nucle-
ar power at this time. Many European 
countries are trying to use renewable 
energy, but Japanese EPCOs seem to 
have a different policy. There are two 
reasons. First, transmission is very 
limited for wind or PV. I couldn’t build 
new wind power in Hokkaido if I want-
ed to right now, because HEPCO, the 
Hokkaido Electric Power Company, 
won’t allow me to connect to the grid. 
And they don’t want to replace existing 
power generation.

Second is the demand and supply 
relationship. EPCOs want to make 
maximum use of existing nuclear plants 
and maintain existing thermal power 
stations (oil, natural gas, coal), with no 
substitution of renewable energy [Slide 
8 in PDF]. Their ideal usage is nucle-
ar, hydro, and geothermal for the base 
electricity and then use wind and solar, 
but they want to exercise output control 
for wind and solar.

One key to introducing more renew-
able energy is grid parity. Currently the 
home power tariff is about 27 yen per 
kilowatt hour, but PV solar over a life of 

20 years would cost 21 yen per kilowatt 
hour, considering all maintenance costs. 
So if I buy a PV system for my home 
I can get cheaper electricity than from 
the EPCOs.

Another key is PPS purchases. EP-
COs don’t want to buy renewable elec-
tricity but PPSs can, so renewables 
depends on PPSs, not on EPCOs. 
The residential electricity market is not 
open yet, but it will be next year. After 
the Great East Japan Earthquake, the 
Japanese government decided to open 
the residential sector and also unbundle 
transmission and distribution from gen-
eration and retail.

Power transmission and distribution 
will be regulated, but power generation 
and retail will be competitive. In this 
new landscape three issues are secur-
ing a stable supply, fair competition and 
consistency with Japan’s Energy Basic 
Plan. Under a monopoly, EPCOs had a 
duty to ensure a stable electricity sup-
ply, and new entrants will also have that 
duty. For fair competition, new entrants 
lack generating facilities and can’t build 
new facilities because it is time and cost 
prohibitive, so what we—that is, PPSs—
want to do is to buy energy from the EP-
COs and sell it to the consumers.

As for the Japanese government’s 
Energy Basic Plan, it changes every 
year—who knows what will happen 
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with it in the future. They say now that 
they want 20% renewable energy, but 
EPCOs don’t want to buy renewable 
energy, so in fact lack of consistency 
between EPCOs and the government’s 
Energy Basic Plan is a very big problem.

Hokkaido is almost the same as Den-
mark in population but twice the area 
and half the GDP of Denmark. Energy 
consumption by sector in Hokkaido dif-
fers substantially from the rest of Japan. 
Industry in Japan as a whole uses 40% 
of energy, but in Hokkaido that number 
is only 23%. The home sector in Japan 
as a whole accounts for 14%, but in 
Hokkaido it’s 21% [Slide 17].

So in Hokkaido, the home sector has 
a big share of energy consumption. 
Hokkaido is very cold, and we use a 
lot of kerosene for heating, as well as 
heavy oil in the fishing industry and 
farming. Energy consumption by source 
for households shows kerosene around 
55% and electricity only 33%. In Japan 
as a whole, electricity is 55% and kero-
sene is 20%.

In Hokkaido heating uses 50% of en-
ergy (not much air conditioning), light 
and other power 26%. Japan as a whole 
uses 24% for heating and air condition-
ing, and 41% for light and other power.

 Hokkaido is a very isolated island 
in the sense of electricity transmission. 

Hokkaido’s peak demand is about 5.7 
gigawatts, and it’s connected to the 
rest of Japan’s grid by a DC line of 
only 0.6 gigawatts. So we can’t buy 
electricity from other areas of Japan to 
make a new electricity company—we 
have to buy all the electricity from the 
Hokkaido area.

Before the Great East Japan Earth-
quake, Hokkaido Electric Power Compa-
ny generated almost 90% of Hokkaido’s 
electricity [Slide 20]. Only 12% is gen-
erated by a third party. And over 70% of 
that (12%) is generated by J-Power, a 
generation company formerly owned by 
the government that only sells to HEP-
CO and other EPCOs on a long-term 
contract basis.

So we only can buy at the most 3-4% 
of the total electricity. This is the chart 
of energy supply on the lowest power 
demand day in Hokkaido, May 26 [Slide 
21]. Under the zero line you can see 
output control at the bottom, and renew-
ables at the top, and they are almost the 
same on this date.

HEPCO says that pumped storage 
has a limitation because in May there 
are many low demand days, so output 
control is needed almost every day in 
May. This is how they want to use re-
newable energy in Hokkaido, while over 
50% is supplied by nuclear.
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Denmark generates about 3.4 million 
kilowatt hours yearly, almost the same 
as Hokkaido, and its population is al-
most the same as well. If Denmark can 
get 39% of its electricity from wind, why 
is Hokkaido using renewable energy at 
such a low level? I don’t know. Denmark 
plans for renewables to supply approxi-
mately 71% of electricity consumption in 
2020. Hokkaido’s governor hasn’t com-
mitted to how much renewable energy 
is needed. She says that we have to 
restart the nuclear power plant.

Eneco-op’s share of kerosene sales 
in the home sector is about 5-7%, the 
top share in Hokkaido, worth about 10 
billion yen. Starting two to three years 
ago we branched out from fuel delivery 
into home power generation and the 
power retailing business [Slide 25 in 
PDF].

Our main target is power retailing to 
households: purchasing electricity from 
other companies and selling it to Co-
op Sapporo’s members using HEPCO’s 
transmission network, with maximum 
use of renewable energy.

Now, a word about our work in the 
electricity business. Firstly, we at Co-op 
Sapporo used to purchase all electricity 
from HEPCO, but now we are purchas-
ing some electricity from PPSs. Almost 
33% of that is from our PPS, and 66% is 
from a combination of Hokkaido Electric 

Power Company and other PPSs. Sec-
ond, we have completed a two-mega-
watt mega-solar plant in Hokkaido. Third, 
we are purchasing renewable energy 
from outside, and using it in our stores.

We can enter this new market (retail-
ing electricity to homes) that other com-
panies can’t because we are already 
selling items and services in the “home 
sector”: foods, drugs, home delivery and 
kerosene; we already have a customer 
relationship and loyalty program, the 
CRM systems and billing systems. So 
we can just add electricity.

Our strategy is first to contract for 
renewable energy (solar, biomass and 
hydro). Our members have a lot of solar 
panels, so we will buy power from them 
and sell it to other customers.

We want to adopt new pricing models, 
time-based pricing, demand response, 
combining PV and on-site generation, 
storage batteries and demand control, 
HEMS, big-data analysis. Anywhere 
else these things might be old news, but 
they are new and needed for the Japa-
nese market, and HEPCO doesn’t want 
to introduce them. I hope this gives you 
a picture of the current situation with 
Japanese electricity policy and some 
of the barriers that a newcomer to this 
business must overcome.
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My name is Vincent Paul Ponthieux, 
and I’m with Blue Planet Research, a 
small, privately funded organization 
based in Hawaii. Our main focus is on 
renewable energy technologies, with 
emphasis on storage for sustainability. 
Today, I’m going to talk about a holistic 
approach to distributed sustainability.

As an architect, I started working with 
Henk Rogers, the founder of Blue Plan-
et, on some projects for his ranch on 
the Big Island of Hawaii. The Big Island, 
at 4,000 square miles, is roughly twice 
as large as all of the other Hawaiian 
Islands combined. It has a population 
of about 190,000 people and it receives 
about 1.5 million tourists a year.

Hawaii is the most isolated landmass 
on the planet, and 90% of the food is 
imported. 100% of the fuel is imported. 

However, the Big Island alone has about 
7.5GWh of renewable energy potential, 
and enough agricultural land to feed the 
entire state.

Pu’u Wa’awa’a Ranch is where Blue 
Planet Research is located. It’s on the 
west side of the Big Island at an eleva-
tion of 2,700 feet above sea level. When 
the ranch was founded in 1884 it was 
off-grid, and now, 128 years later it’s 
off-grid again.

When we started, the intent was to 
install solar panels and get a net me-
tering arrangement with the local utility, 
HELCO. However, it took two years to 
get permitted, and the utility wanted a 
lot of money for an interconnect study. 
By then, storage technology had ad-
vanced enough that we decided to go 
off-grid. Our idea was to see if it was 
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possible to use available technology to 
be completely off-grid sustainably, with-
out using any fossil fuel.

Our Energy Lab is about 10,000 
square feet with 85kW of PV on the 
roof. We have a small 1.5 kW wind tur-
bine, but we don’t have very good wind 
at this location. Our primary storage is 
with batteries, and we started with a Va-
nadium Redox Flow Battery.

The entire ranch microgrid [Slide 9] 
covers 32 acres and has the equivalent 
of about 10 homes, plus machine shop 
facilities, office space, workshop space 
and lab space. From the roof, the solar 
energy is converted into AC, powering 
the existing lab building at 240/120 sin-
gle phase. From there we step it up to 
7,200 volts and push it out to the rest 
of the buildings, where we step it back 
down to 240/120. That minimizes the 
transmission losses to about only about 
400 watts of parasitic load.

So to minimize the size of system 
components needed, obviously we 
wanted to be able to control the loads, 
do some kind of demand-response, and 
to intelligently sequence loads so that 
they don’t come on at the same time, 
but in a way that doesn’t disrupt the life-
style of the people living on the ranch, 
or its operations. So the PV goes into 
a large 2400 amp DC bus (we’re a DC 
coupled system) that supports lots of 

DC components: bidirectional, unidirec-
tional. DC equipment is very expensive 
compared to AC equipment. DC goes 
into a flow battery. Because we’re off-
grid, the system has to be sized larger 
than would normally be the case with a 
net metering agreement. That means 
we’re always going to have excess 
energy at times, and if we’re not con-
nected to the grid and can’t sell back 
to the grid, what do we do with that 
excess energy?

You can only buy or put in so much 
battery storage. So we use a hydrogen 
electrolyzer as a load bank. This allows 
us to maximize the potential of the PV 
array on any given day. It’s all auto-
mated, like a watt sponge on the roof, 
just absorbing the excess energy when 
there are no loads otherwise. And then 
the hydrogen that it makes gives us a 
wide range of usage options later.

The 85kW of peak PV were originally 
stored in a Vanadium Redox Flow Bat-
tery. We didn’t want to go into lead acid 
at all, so we went straight to a more 
exotic technology. We started off with 
10kW using two stacks with 80kWh of 
storage in the electrolyte tanks, later 
increased to 20kW of power by add-
ing two more stacks. It worked well 
for about the first year and a half, and 
then we started to experience some 
degradation in the stacks. It’s now been 
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decommissioned and we’re waiting for 
new stacks to come from the company 
that built them.

After that failed, we moved to lith-
ium-ion batteries. We tested several 
different lithium-ion chemistries on the 
market and then we came across the 
Sony lithium-iron phosphate batteries at 
the Asia Pacific Clean Energy Summit 
back in 2013.

We bought some and tested them for 
about six months with a dynamic range 
of loads, parallel to the flow battery be-
fore it failed, and we were astonished at 
how well they worked. They don’t gener-
ate much heat, so there are no thermal 
management issues, which was a big 
advantage. Others we looked at needed 
liquid cooling on every cell, which cre-
ates many potential points of failure.

During construction of our Energy 
Lab, we tested seven different types of 
PV technologies. The other purpose of 
testing was to find out the real mean in-
solation in this area. Our microclimate is 
usually sunny and clear in the morning, 
but by the early afternoon, it gets over-
cast and cloudy. It turned out we had a 
very small solar window, 3.8 hours of 
average sun, to grab all of our energy 
for the day, and for the night. The array 
being 85kW allows us to actually carry 
the ranch loads and charge batteries 
even when it’s overcast.

But on good, sunny days we have 
almost double the energy output. We 
dump that energy into an alkaline elec-
trolyzer which makes 1.5 to 3 kilograms 
of hydrogen per day during our solar 
window. We store the hydrogen in a hy-
brid low pressure/high pressure system. 
The reason for that is we can use very 
inexpensive virgin propane tanks (ones 
that have never been filled with pro-
pane) for low pressure hydrogen. Ideal 
for fuel cells, which need only very low 
pressure to operate.

We have a fuel ing stat ion wi th 
high-pressure hydrogen at 6,000 PSI, 
or 350 bar. We use the compressed hy-
drogen to fill up vehicles, and we have a 
hydrogen fuel cell forklift. Tax credits on 
alternative fueling infrastructure help to 
reduce the cost of the system. We can 
convert hydrogen back to electricity with 
two 6kW stationary fuel cells, giving us 
12kW of DC.

The other thing you can do with hy-
drogen is cook with it. We’re in the pro-
cess of converting all of the stoves on 
the ranch to hydrogen, and we’re going 
to put in an underground poly-pipe dis-
tribution line that can hold the hydrogen 
at 2,500 PSI. With over a half-mile of 
that pipe, it will simultaneously serve as 
good storage. So we can replace pro-
pane with just sun and water.
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We also have a couple of Ford Es-
cape trucks that have been converted 
over to hydrogen. It’s not the most effi-
cient use of hydrogen for mobility; fuel 
cells are 2.2 times more efficient.

One of the other projects that we have 
is a Mars habitat, sponsored by and 
rented out to NASA up on Mauna Loa 
at 8,500 feet. It’s powered by 10kW of 
PV. We use the same Sony batteries for 
the energy storage and we use a 4kW 
hydrogen fuel cell as the back-up gen-
erator. Six “habinauts” (not astronauts; 
they’re all engineers working for NASA, 
ESA, etc.) living in a 1,200 square foot 
enclosure for eight months in an isola-
tion experiment where they can’t go out-
side without putting on spacesuits. They 
have to pretend they’re on Mars.

They have very small sleeping pods. 
It’s similar to life on a submarine. The 
energy system is all off-the-shelf equip-
ment. One of the incredible things about 
these Sony batteries is that they can go 
from zero to 100% in about 90 minutes 
if you give them full current. So that fits 
the small solar window profile that we 
have really well. And allows us to use 
the rest of that solar window to make 
hydrogen. This is the dashboard that 
the astronauts inside have, a prototype 
of our control system at the ranch [Slide 
20]. It gives a readout of energy produc-

tion and consumption, battery state of 
charge, and environmental conditions.

Inside the habitat are 130 sensors 
that monitor CO2, temperatures, etc. 
It all goes into a database. Clicking 
on any one of those values brings up 
the historical graphing capacity so that 
you can look back in time. When the 
batteries get down to a certain state of 
charge, typically 10%, the fuel cell kicks 
in and charges the batteries back up till 
they’re about 12 to 15%, then shuts off. 
It keeps doing that until the sun eventu-
ally comes back and charges them. This 
allows it to operate it without any back-
up generator other than the hydrogen 
fuel cell.

So what does a holistic approach 
to sustainability mean? In our view, to 
become sustainable, we have to not 
just tackle energy, but also agriculture, 
energy, transportation. Waimea Nui is 
a project on the Big Island that is in the 
design phase right now. It will be a 165 
acre agricultural community complex, 
100% off-grid from the get-go, with so-
lar, wind, biomass, and hydrogen.

Another project underway right now 
on the Big Island is a 2,400 acre Ah-
upua’a. In pre-contact days Hawaiians 
numbered anywhere from 200,000 to 
two million people, just on the Big Is-
land. And they were 100% sustainable. 
Today we import 90% of our food and all 
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of our energy to sustain just the low end 
of that range of population.

They were sustainable without any 
technology, so obviously we went wrong 
somewhere. We have to get back there. 
A 2,500 foot deep water well not only 
supplies the ranch but all of the com-
munity around it. It’s a co-op, it does not 
belong to the ranch, it just happens to 
be on the property. The electric bill for 
pumping the water is about $15,000 a 
month. It makes our water among the 
most expensive in Hawaii—at $20 per 
thousand gallons, it is 10 times more 
expensive than county water.

So our next storage project is a fly-
wheel storage project. A start-up makes 
a 10kW/40kWh long-term storage fly-
wheel that’s only 2 feet high, less than 
4 feet in diameter, and weighs 5,000 
pounds. The rotor is lifted with a mag-
netic lifter that has a parasitic load of 30 
watts. Ten of those will give us 100kW 
of power and 400kWh of energy to be 
combined with a 200kW PV array. That 
will allow us to pump six hours after the 
sun goes down. This will be a model 
for many community water systems on 
the Big Island that have a huge cost 
of energy.

We’re putting in five or six hydrogen 
fueling stations around the Big Island, 
which is enough for complete mobility. 
We have elevation challenges, distance 

challenges, so it is the perfect test bed 
for hydrogen. We want to move the Big 
Island from oil for transportation to hy-
drogen, and this is going to be the first 
step. With the amount of geothermal, 
wind and solar potential we have, we 
can make hydrogen competitive to the 
cost of gasoline.

The 1.2 billion internal combustion 
engines on the planet, soon to be 2 
billion, that are contributing to global 
warming and pollution, if converted to 
hydrogen, would become air cleaners. If 
we wait for fuel cells to take over, it will 
be 10 more years. By converting exist-
ing internal combustion engines, we can 
utilize hydrogen with an existing fleet.

We’re working with a company in Ar-
izona that has injector technology that 
can efficiently use the hydrogen in both 
gaseous form and liquid form, meaning 
a methanol-based hydrogen carrier. 
To reverse climate change, we have to 
start looking at carbon-negative as well 
as carbon-neutral technologies. Remov-
ing CO2 from the atmosphere, or that 
which would go into the atmosphere, we 
can sequester and harvest the carbon, 
and turn it into durable goods like car-
bon fiber, carbon foam, graphite, nano-
tubes—technology which will make bat-
teries more efficient–and into absorptive 
storage of hydrogen that requires less 
compression. This way, the carbon is 
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actually worth more than the methane 
that you’re extracting it from.

A 1MW demonstration in Germany 
is taking excess wind power, making 
hydrogen, and combining it with CO2 
from coal-fired power plants to make 
methanol. Methanol serves as a liquid 
carrier of hydrogen, making it easier to 
transport, store, and utilize, and can be 
put into an internal combustion engine.

One of my favorite sayings is, “Civ-
ilization didn’t emerge from the Stone 
Age just because we ran out of stones.” 
There’s no single magic bullet for sus-
tainability. We have to utilize everything 
that’s available, and we have to start uti-
lizing it now, before fossil fuels run out, 
or we run out of time.
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I work for VaasaETT, a Helsinki-based 
think tank and consultancy focused on 
consumers and energy markets around 
the world, especially–but not exclusively–
liberalized markets. We have a database 
of more than 500 smart energy projects 
that we use to compare what works and 
doesn’t work around the world, and we 
track the best and latest smart develop-
ments globally. We’re also co-founders 
of the Smart Energy Demand Coalition in 
Europe, a group of companies including 
utilities and other players. In Europe, this 
group has been crucial in tackling regu-
lations that were absolutely not favorable 
towards demand-side measures.

We focus on the consumer, on con-
sumer behavior and how to push models 
to consumers within the energy industry. 
In other words, we start where everyone 

else usually ends. Consumers behave 
very differently in the real world than they 
do in pilots, which makes creating a mass 
market difficult.

We’re taking on that challenge with 
a broader set of life-changing offerings 
and services together with our clients, 
using technology to deliver value to the 
customer. We help take the customer 
through a journey to build trust, experi-
ence, understanding, and the propensity 
to behave as we need, want, or expect 
so these services will work. It doesn’t 
happen overnight.

Massive success stories like the 
iPhone, which was the right product, done 
in the right way at the right time, are ex-
tremely rare. “Nearly there” will not suc-
ceed with consumers. Nokia, for example, 
had been working on similar products, but 
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didn’t do it as well and didn’t get the timing 
right, in my opinion.

All the building blocks have to be in 
place in order for Open Energy Systems 
offerings to succeed, because consumers 
will have to change. Fortunately, consum-
ers desperately want change.

And many building blocks are in place. 
The market has developed, solutions 
have improved, costs have come down, 
wireless technology has changed things 
a lot, and new bridging protocols have 
come around. It is a very different envi-
ronment from just a few years ago. The 
smart home is now a reality that works 
well. In Norway where consumption is 
high and most energy is used for heating, 
a smart home can pay for itself in two to 
three years.

A whole range of ideas are already 
commercialized. One Nordic firm offers 
heating systems controlled every hour 
of every day to match the price on the 
Nord Pool Spot market so that energy is 
used when it’s cheaper, with the benefits 
shared between the customer and the util-
ity. It is an inexpensive solution, requiring 
a smart meter plugged into your router 
and your heating system, that can be in-
stalled quickly and simply.

Commercialized solutions don’t have to 
be complicated or expensive. There are 
apps and solutions to find out where to 

sell your electricity at the best price. Solar 
projects are being rolled out very success-
fully in mass markets. There are even 
crowd-funded solar projects. Offerings by 
solar providers in Australia include off-grid 
hybrid systems for consumers and a de-
mand-response system that allocates en-
ergy usage in the home to periods when 
the sun is shining. With storage, battery 
technologies that are apparently almost 
there will really move the goalposts.

In Great Britain, every home with a 
smart meter is mandated to be offered a 
free in-home display; 5 million displays 
have already been distributed, or are 
ready to be. Feedback used to be very 
boring. But these days some is quite cool, 
with touch screens and color graphics. 
There is a Swedish product, a flower lamp 
that is a beautiful piece of furniture which 
changes shape depending on your energy 
usage, looking cooler and more impres-
sive the less energy you use. People don’t 
buy that just to save energy. They buy it 
to show off or to make their home more 
stylish. The point is, it doesn’t really matter 
what you motivate consumers with, as 
long as you find what makes them tick. In 
this case, they would pay far more money 
for the lamp than they would ever save 
from the lamp just because it’s cool and 
they can show it off to their dinner guests.

An analysis that we did recently for 
the Norwegian energy regulator estimat-
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ed that the use of in-home feedback to 
consumers alone in Norway in two years 
would save approximately 7TWh [Slide 
13]. Meanwhile, across more than 160 
pilot projects around the world working 
with almost half a million customers, those 
consumers who were fully educated in 
conjunction with the rollout of feedback 
systems saved about three times more 
than those who weren’t.

Where solar is concerned, in the minds 
of consumers it can already now present 
a competitive alternative to centralized util-
ity systems, at least if the cost of off-grid 
solar is presented in comparison to retail 
plus distribution costs. Granted, solar is 
still not quite at parity, but if the cost of so-
lar, as many expect, drops by 50%, then 
no subsidies will be needed to make this 
incredibly appealing to consumers.

Many different variables affect consum-
er behavior. The mind of the consumer is 
just as complex as the engineering. And 
yet we don’t take any of that complexity 
into account when we try to sell to them. 
We build lots of complexity into the solu-
tions and no complexity into the service 
design, marketing and communication.

But even if we get the offerings and 
communications right, there is much more 
we need to change. We shouldn’t assume 
that old-fashioned utilities are not a threat 
to new business models, for instance. 
They are, because utilities have a lot of 

influence over regulation and they also 
have future business models of their own 
up their sleeves. Not all of them are going 
to take this disruption lying down. When 
building an actionable framework for cus-
tomer behavior, regulation is probably still 
the biggest factor in inhibiting all kinds of 
smart offerings we’re trying to deliver [Slide 
18].

Then there are all the factors within the 
industry itself, such as infrastructure, and 
customer relationships. Don’t assume 
that energy customers hate big utilities 
and love new entrants. Unfortunately, in 
many markets, energy customers just 
don’t like anyone associated with the 
energy industry. Bad publicity for the 
energy industry hurts everyone, not just 
the big guys. Small players enter the 
market and encounter some of the same 
problems. Technical solutions alone are 
not enough. Information and education, 
plus offerings and rewards, need to be 
powerfully presented.

Social media is the ultimate method 
of presenting these to consumers, but 
it only works when there’s something to 
shout about; consumers don’t normally 
talk about their energy bills on Facebook. 
So we need to create offerings that give 
people something to shout about. Keeping 
in mind that comments by media and con-
sumer organizations can make or break 
many offerings.
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Most consumers are not very good at 
jumping with both feet into the next big 
thing. They like to move slowly, a step at 
a time [Slide 20]. Prime means pre-edu-
cating the customer. Peek means that you 
give them a chance to experience a little 
bit of what you want to give them more 
of. Explore means that you let them try 
more and more things out one at a time. 
Encourage means that you have to show 
them the benefit of what they’re doing. 
Customers won’t do something for long 
unless they know it’s benefiting them in 
practice and that requires a lot of feed-
back. Instill means making it a habit and 
ultimately a social norm. But also making 
something which has a market surround-
ing it. Enhance means starting off by sell-
ing one thing that grabs the consumer and 
then building it out from that point. Once 
you’ve done that, Sharing the word will be 
the thing that matters.

New business models are already 
emerging. In Germany, for example, 
LichtBlik is creating an integrated platform 
to offer to its 700,000 customers. They 
started off selling green energy. Now they 
sell other things to do with smart services 
and they’re putting it together in a com-
mon platform between their customers.

Ovo Energy in the UK, with 600,000 
retail customers, is trying to turn local 
communities into energy retailers. What’s 
the difference between a community re-

tailer and a large micro grid? A distribution 
network. In the future there is a regulatory 
potential to let community retailers take 
over local distribution grids if the traditional 
players do not deliver the solutions that the 
communities want. Add to that a next-level 
community energy network, like this great 
project at OIST by Sony and its partners, 
and you have an instant infrastructure for 
distributed community systems.

Energy companies typically assume 
that they are building from being utilities 
and then they want to add additional 
services. What’s happening more is that 
companies are coming in at the other end, 
they’re offering solar and then from the so-
lar they work backwards. Start with solar, 
then provide air conditioning, then provide 
some storage, and eventually offer car 
charging or fuel cell service and finally 
provide home energy management to 
regulate it all. A gradual process, providing 
one thing at a time and building outwards.

What we are realizing more and more 
is that customers don’t want to buy just 
green energy from a company, they want 
to buy from a company that’s green. The 
don’t just want to buy more independence 
from a traditional company, they want to 
be independent. They want to believe in 
something and it goes far beyond green-
ness to the whole ethos of the compa-
ny that they’re dealing with. They want 
to go beyond a company that provides 
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greater control to a company that gives 
them control.

The message to customers should 
never be about investment. That’s a very 
scary term to them. Investment makes 
consumers think, “Wait a minute. I’m pay-
ing now and I don’t see the benefits until 
sometime in the future?” Consumers have 
resented this about the energy industry 
since forever. “We’ll raise your prices by 
$100 this year because we have to in-
vest.” And what benefit do consumers see 
from it?

Customers want control and fairness. 
But above all, freedom. Freedom from 
price rises. Freedom from utilities con-
trolling you. Freedom from being spied 
on. Freedom from someone controlling 
the temperature in your home when you 
don’t want to cede control, for the sake of 
large-scale negative demand-response. 
Demand-response has always been seen 
as something which is done to you and 
something which is done for the benefit 
of the utility. I believe that will be turned 
around and demand-response will be for 
the consumer, by the consumer.

The whole idea of these systems is in-
dependence, so why would you then want 
someone to control you? It doesn’t make 
sense. You don’t want to be controlled by 
utilities so they can make more money 
from you, although you might be willing 

to give up some control for the benefit of 
your community.

Freedom means being able to have the 
temperature the way you want it without 
being afraid of the energy price you will 
have to pay. In the future, when customers 
have efficiency built into their homes they 
will be able to live more independently and 
feel more free. Ultimately we are selling 
emotions and lifestyle, not technology, to 
these customers. (I’m focusing mainly on 
the multi developed markets in the more 
developed countries or the more middle 
class groups in the developing countries. 
I realize it’s very different for those seg-
ments.)

Real illustrations of the power of elec-
tricity customer enlightenment already 
exist. One program by E.ON in Sweden 
for instance was especially exciting. Re-
cruiting 10,000 participants, they then 
gave them a special app, connected to 
their homes, that monitored their pow-
er usage in real time. Then, during the 
course of one year, we visualized their 
energy consumption in five different ways. 
To see which one would make them save 
the most.

We started off by showing their ener-
gy consumption as real money spent in 
real time. Next up was a virtual battle be-
tween participants. Later, a mean coach 
spurred you on to save more. And, finally, 
their consumption was linked to a cute 
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Tamagochi that died if they didn’t save 
enough. Around the participants we built a 
larger campaign with a site where every-
one could follow their progress. You could 
see who saved the most or least energy, 
compare different parts of the country and 
even compare your own consumption to 
others with similar homes. We helped ev-
eryone share their best energy saving tips, 
which we turned into a book, and even 
TV spots. News of the experiment spread 
throughout Sweden.

The result: seeing how much energy 
you use makes you save a lot. By the time 
the experiment was over, our participants 
had reduced their energy consumption by 
an average of 12%. And, by the way, last 
year, the world’s total energy production 
provided by nuclear power plants was 
12%. Now imagine if the whole world 
would join the experiment.

The message? Touch consumers, 
give them something to shout about and 
we can make a start towards I think a 
better future.
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My name is Toru Tanaka, and I am a 
Senior Researcher at the NTT Energy 
& Environment Systems Lab in Japan. 
NTT is evolving from a telecom com-
pany to a company pursuing the global 
cloud business. Our lab’s mandate is to 
reduce NTT’s environmental load. We 
aim to achieve a sustainable and low 
carbon society.

Today I will be discussing NTT’s 
rollout of HVDC (high-voltage direct 
current) power supply systems that are 
higher in both efficiency and reliability 
and our work on next-generation power 
supply systems for future networking 
and data centers.

I will explain the advantages of HVDC 
power supply systems and NTT’s strat-
egy for HVDC.

NTT has been employing HVDC 
power supply systems with DC 48 volt 
power bus for many years because 
these systems offer high reliability and 
high efficiency.

Power consumption per ICT rack is 
increasing and the scale of data cen-
ters and telecommunications buildings 
is increasing, making reducing power 
consumption an important issue for the 
NTT group, whose business activities 
account for about 1% of the total power 
consumption in Japan! Since 2008 our 
energy consumption is almost flat but 
our electric bill has been increasing in 
the wake of the big earthquake. Energy 
saving is a critical issue because cloud 
and IP services are spreading widely 
and they consume lots of electricity.
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On the utility side, high-voltage DC 
is over 1,500 volts. HVDC power sup-
ply systems for telecommunications 
buildings and data centers are 300 to 
400 volts.

NTT’s HVDC power supply system 
supplies 380 volts DC, converted from 
commercial AC 200V, to ICT equip-
ment and to charge backup batteries. 
Currently, data centers mainly use AC 
power, but this entails many power con-
version steps, which means many con-
version losses. In telecommunications 
buildings we mainly use 48 volt DC. But 
as the power consumption of ICT equip-
ment increases, current increases, re-
quiring the cable diameter to be thicker. 
Our HVDC power supply system solves 
these issues.

  Here are the advantages of the 
HVDC system. One is high efficiency 
because of fewer conversion stages. 
HVDC systems are very simple and 
have high-efficiency components. At 
92%, efficiency is more than 10% better 
than AC. Another is higher reliability, 
again because of simplicity and be-
cause it allows direct connection of bat-
teries. Calculated design reliability is 10 
times greater than AC. We have gone 
many years without a single DC failure 
in the field. And space saving: the sim-
plicity again yields a 30% reduction of 
space required.

Another advantage is reduced con-
struction costs. Higher voltage means 
decreased current, so the cross sec-
tion of the cabling is one tenth that 
of a 48 volt DC system. This aids in 
airflow through the floor and reduced 
cabling costs.

We chose a bus voltage of 380 volts, 
which is compatible with the UPS and 
PSU DC buses we have been using for 
UPS systems and ICT equipment. The 
battery cells are crated by piling up 168 
cells. When the charging voltage is 2.23 
volts per cell, the voltage gets to around 
380V. The 168 cells are arranged into 
7 blocks of 24 cells. For a 48V system, 
the number of battery cells is 24, so it’s 
easy to scale up from a 48V system.

Let me review the obstacles to the 
spread of HVDC power systems. The 
technical obstacles are safety, electrical 
stability and availability of power sup-
ply equipment. And uptake obstacles 
are the availability of ICT equipment 
and standardization.

Concerning safety, touching the ca-
ble of an HVDC system would subject 
someone to a dangerously high current 
of about 270mA. So we introduced a 
high-ohmic midpoint system that reduc-
es the current from touching the cable 
to about 10mA, which is safe.
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 We are developing a new type of 
socket outlet that prevents electrical 
shock. Many people say that with DC 
it is difficult to break the circuit when a 
short occurs. But there are in fact many 
circuit breakers and fuses that can do 
this. The issue is voltage fluctuations 
when the breakers protect from a short 
circuit. When the voltage fluctuations 
are large, other ICT equipment can 
shut down. We therefore developed 
a new fuse and PDF to suppress 
voltage fluctuations.

Addressing the uptake issues, we 
have worked on international standard-
ization through two published ITU-T 
documents. Several ICT vendors offer 
ICT equipment for HVDC. But there is 
a chicken and egg dilemma over adop-
tion of a new system. ICT equipment 
vendors say that carriers and operators 
must commit to buying lots of HVDC 
ICT equipment first.

On the other hand, carriers and op-
erators are saying that ICT vendors 
must offer more types of HVDC ICT 
equipment before they can introduce 
HVDC systems. The NTT group intends 
to break this deadlock by declaring 
that we will adopt HVDC systems. The 
NTT road map calls for bringing HVDC 
systems to 100 buildings by fiscal year 
2015. And 1,000 buildings by 2020.

A 4MW HVDC system already in-
stalled lowered power consumption by 
20% at an initial cost of less than that 
of a conventional system. And we pub-
lished technical requirements for ICT 
equipment. Our group intends to spread 
HVDC systems not only within NTT, but 
also around the world.

Next, we are developing new appli-
cations for HVDC. NTT has developed 
adaptive control for further reducing 
data center power consumption by 
controlling the number of working pow-
er modules according to the ICT load 
situation. This is possible because it 
is easy to control DC systems; control 
and synchronization of the bypass sys-
tem is not required as in AC systems. 
NTT has pioneered HVDC systems for 
renewable energy. Our Obihiro project 
uses HVDC in an office building with 
DC-EMS controlling power modules 
such as rectifier, battery and PSU.

In Yamagata we have constructed an 
HVDC DC bus between buildings and 
houses. Using an HVDC system, it is 
easy to control energy flow [Slide 7].

We’re introducing HVDC systems on 
the infrastructure side, but on the ICT 
side there are many power conversion 
steps, so to reduce power conversion 
loss we have to consider the circuit 
from the input port of the building to the 
input port of the IC chips. We created a 
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next generation power supply typology 
with only three power conversion steps. 

Two kinds of DC voltage (DC 380V 
and DC 48V) are used as bus voltage 
in this system. The important point in 
this system is that voltage of the moth-
erboard is raised from the conventional 
12V to 48V.

Changing the motherboard voltage 
from 12 volts to 48 volts reduces the 
capacitor size and cross-sectional area 
of cabling to save space. The conver-
sion efficiency and safety level are 
equal. So there are no disadvantages 
of moving to 48 volts. Meanwhile, Ger-
man automakers announced that they 
will use 48 volt power supply units in 
vehicles. So the standardization of 48 
volts is proceeding.

The application area of the 48 volt 
system can be visualized in units of 
kW-meter, a product of cable distance 
and power consumption. In the ICT 
industry for a 19-inch rack the dis-
tance is 3 meters and the power con-
sumption is about 20kW, so the total is 
60kW-meters. In the auto industry the 
distance is 6 meters and the power con-
sumption of an idle stop motor is about 
10kW so the total is also 60kW-meter 
[Slide 43].

So I believe that voltage will be ag-
gregated to 48 volts DC and 380 volts 

DC across multiple sectors in the future 
[Slide 44].

So we can expect a significant cost 
reduction for equipment and parts by 
using common voltage. We will contin-
ue to promote the use of DC systems 
throughout the world.
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I’m Leon Roose from the Hawaii Nat-
ural Energy Institute at the University of 
Hawaii and I’m here to talk about Ha-
waii’s renewable energy future and the 
Maui smart grid as an energy technolo-
gy application showcase.

My focus is in grid system technolo-
gies and integrating renewables on the 
power grid. Change is happening at a 
very fast pace in Hawaii, which is driving 
innovation, and the island of Maui is an 
interesting showcase for smart grid tech-
nologies and renewables integration.

Hawaii’s big challenge is our geo-
graphic isolation, which has profound 
impacts from an energy perspective. 
Nearly 90% of our energy is met using 
fossil fuels. The bulk of that is oil, 100% 
of which is imported, split roughly evenly 
three ways between electricity, air trans-
port, and ground and marine transport. 

This nexus between transportation and 
electricity is critical because we could 
solve 100% of our electricity problems 
and that’s still only a third of our bigger 
problem of reliance on fossil fuels.

This heavy reliance on fossil fuels has 
created an incredible threat to Hawaii’s 
security, economy, and environment. 
Cost was the big driver that changed 
policy; in 2008 oil prices went through 
the roof, to $100/barrel–and pushed the 
local economy into a recession, right 
along with the housing collapse. Histor-
ically, low costs meant there was little 
motivation before this spike.

The cost of electric service in Hawaii 
right now is about three times the na-
tional average. The other issue is vola-
tility. It is hard for businesses especially 
to budget with so much price uncertain-
ty. With renewables, the known capital 
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investment is to get the resource in the 
ground, and then you can decouple from 
fuel cost, smooth the cost and eliminate 
the volatility. And Hawaii has an abun-
dance of renewable resources—solar, 
wind, geothermal, river hydro—as well 
as waste to energy.

Ocean energy technologies are a little 
bit more forward looking but have huge 
opportunities for an island state like 
Hawaii. Bio-fuels are also in the picture, 
and of course energy efficiency is a big 
part of the equation, and each of us can 
do things to lower our energy usage.

After the 2008 crisis, US DOE ap-
proached us at the utility where I worked 
for 20 years before I joined the universi-
ty in 2012. I was asked to integrate 400 
megawatts of wind energy on the Oahu 
grid within one month.

The utility company recognized this 
would have a huge impact on our busi-
ness model. To survive and thrive, we 
ultimately had to figure out how to de-
couple utility rates from sales, because 
no business wants to reduce its sales. 
Fundamentally that was a regulatory 
matter for the ultimate trade-off in this 
deal to be negotiated. This exemplifies 
how to drive major paradigm shifts in 
the energy sector. It is critical to align 
the key stakeholders: regulators, cus-
tomers, community, utilities, and all the 

third parties that produce capabilities 
and services.

So everyone started moving in the 
same direction in Hawaii in 2008. Today 
there are still many challenges; it is hard 
to align everyone’s interests. There was 
a big trade-off: give us a set of regula-
tions that allows the company to contin-
ue to exist and be effective and provide 
a service as a utility, and we’ll do renew-
ables. The Hawaii Clean Energy Initia-
tive was signed in October of 2008 [Slide 
6].

The state legislature set renewable 
portfolio standards: 40% by the year 
2030 with intermediate targets for 
2015 and 2025. At the time, we were 
at roughly 9%. The other piece of that 
equation was energy efficiency improve-
ments, with a target of 30% reduction by 
2030—a significant goal in a fairly short 
period of time.

It’s among the highest RPS targets in 
the US. Amazingly, in 2013 we exceed-
ed the 2015 renewable energy target of 
15%. The 2014 numbers are not out yet 
but with renewable energy at 18.2% and 
energy savings 15.7% we made a gain 
of more than 33% in just four years. So 
we’re ahead of schedule but there’s a 
lot more to do. Oil used for electricity 
production is also down by 16% since 
2008. So how are we doing it?
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In 2014, there will be 390 megawatts 
of rooftop distributed PV across the 
main islands of Oahu and Maui. Almost 
51,000 distributed rooftop systems—
a lot on a fairly small grid. To put it in 
context, the peak demand of the Oahu 
grid is 1,100 megawatts. Another 240 
megawatts of utility-scale PV projects 
are in negotiation and development on 
Oahu. So these numbers are going to 
get really high quickly. Oahu already 
has 100 megawatts of wind operating 
today. Maui has 72 megawatts of wind. 
When the transition to clean energy first 
started I think we had 12MW in aggre-
gate on the islands.

Now Hawaii is at the top in solar PV 
per capita. On the Oahu grid 11% of all 
the customers have rooftop PV. That’s 
quite a high penetration level. Given 
present trends, and capabilities, we ex-
pect to hit the 40% renewable energy 
target by 2021, potentially topping 65% 
by 2030. Today Hawaii’s islands are not 
interconnected by power cables; each 
has an independent, little, isolated grid. 
There are a lot of issues with integrating 
renewables on grids like that. It will take 
a lot of technology and innovation.

Let me talk about Maui and the 
technology projects we’ve been doing 
to help facilitate the integration of re-
newables. On Maui there’s 72 mega-
watts of installed wind capacity and 55 

megawatts of PV as of year-end 2014, 
with another roughly 20 megawatts in 
the pipeline.

That’s a lot of intermittent renewable 
energy on a grid whose peak is only 200 
megawatts during the day [Slide 15]; at 
night the load gets as low as 85, and 
you’ve got 72 megawatts of wind. How 
do we integrate all that? Intermittency 
affects our ability to manage system fre-
quency on the grid. Wind moves fast; a 
wind farm can go from near topload to 
gone within 10 minutes. Something has 
to make up that difference in real time, 
second by second, minute by minute. 
That’s how the grid works.

You have to maintain perfect balance 
or you get frequency deviation. You can 
restore it once you get another source 
of generation on the line to balance that. 
Solar moves a lot faster than wind. This 
10 minute period is pretty manageable 
with resources on the island. A 70-80% 
ramp in under 10 seconds is typical with 
rooftop PV systems. With the physics of 
today’s AC power grid, you have to bal-
ance those changes in real time, instan-
taneously. Otherwise your frequency 
goes off, you’ve got a problem. How are 
we handling that intermittency from the 
renewables on the grid?

Excess energy is a big issue. I real-
ly like the idea (mentioned in another 
session) of being able to extract and 
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use that energy for another purpose; for 
example, in the production and storage 
of hydrogen for use in the transporta-
tion sector. There’s wind energy that’s 
essentially thrown away on Maui and 
the Big Island everyday. It seems crazy 
to not take advantage of that marginal/
zero cost energy. We have to find the 
business mechanisms to make it hap-
pen. Another issue is distributed gener-
ation on Hawaii; DC technology excites 
me and could address the technical 
issues with high penetration of PV on an 
AC circuit.

With the high penetrations in Hawaii 
today at the distribution level, the ag-
gregate of the PVs is bigger than the 
load; 27% of the circuits on Oahu are 
backfeeding at some point during the 
day, shoving over 100% of the daytime 
minimum load, even as high as 250% 
or more on many circuits, back up into 
the transmission grid. This is a hugely 
challenging issue.

How do you deal with transient volt-
age issues that appear because you 
have way more generation than load on 
the circuit in that instant? The utility has 
to manage how much they can take on 
the circuit. There are now inverters on 
the market that can disconnect in a cy-
cle or under. If those became required, 
it would allow circuit penetration up to 
250%—a huge leap up from 100%.

There are other issues to deal with 
to get to 250% and a lot of work and re-
search and innovation will have to hap-
pen to reach that kind of goal. But this is 
major news.

We have a number of smart grid 
projects on Maui. One is to develop 
advanced smart inverters that deal with 
some of the barriers to penetration. For 
now, until DC comes along, it’s all AC, 
so with every home PV system, there’s 
an inverter on the rooftop that’s con-
verting the DC to AC to feed the power 
into the grid. We have a lot of work 
focused there.

In Hawaii, much of our work is not 
done in labs but on the grid, where the 
problems are. That requires a partner-
ship with the utility, academia (our insti-
tute for example), local utilities, major 
industry partners, government, even 
volunteers (we use customer interaction 
specialists to get those folks involved). 
It’s a major team effort to implement 
these projects.

For this project, we put metering 
infrastructure on the grid, a battery at 
the substation level to manage peak 
demand and provide some voltage sup-
port. We put in smart thermostats and 
had volunteers; we adjusted the tem-
perature and gathered data on the cus-
tomer response. With more than a 3-de-
gree shift in the temperature, people 
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pushed the opt-out button; we began to 
understand the thresholds of willingness 
to participate (at least in Hawaii with 
the air conditioning needs). We had in-
home displays in people’s homes, which 
gave a lot of good feedback and moti-
vated people to change behavior.

A program to put remote control 
switches on water heaters has been 
around in Hawaii for a long time–the 
utility operators call on that load reduc-
tion for operational purposes. I’ve had 
it for 10 years, but it never impacted my 
use and enjoyment of hot water, and 
I get a $3 monthly rebate on my bill. If 
you keep the shutoff brief, it’s a very 
effective remote control resource at a 
low cost. In aggregate, the Oahu grid 
has over 30,000 participants translat-
ing to approximately 10 megawatts of 
demand response.

Getting the smart meters in allows 
two-way interaction with the customer 
and gives better visibility and control to 
the utility and improved service oppor-
tunities (e.g. proactively fixing issues 
previously known only through customer 
complaints). That is very valuable for 
engagement with consumers because 
in such cases technically the utility is 
not meeting their service quality re-
quirements. The programs were also 
very effective in supporting grid stability 
through those controllable loads.

The endgame is creative utilization 
of renewable energy. On Maui, where 
there is frequent curtailment of wind, 
through these resources that we can 
dispatch, batteries can absorb excess 
energy and take advantage of it. We 
have a number of commercial battery 
and storage systems. In Maui, two wind 
farms put in large batteries in a form 
that made business sense and was 
pretty groundbreaking, reducing the 
amount of energy curtailment that would 
otherwise be needed. We can take 
more on; it’s just a lot of work and bring-
ing in the new technologies; and the 
utilities obviously have to make a lot of 
changes in the way they operate but so 
far, it’s been working fine. In some re-
spects, reliability has actually improved 
a bit with renewables, given the amount 
of reserves we carry. So the project was 
able to prove all those things and quan-
tify some of those value propositions.

Our other project is to develop ad-
vanced function inverters. We are 
working with three different manufac-
turers: Fronius, Hitachi and SMA to 
demonstrate seamless interoperabili-
ty–the same software, language, and 
commands. The solution architecture 
uses our existing automated metering 
infrastructure (AMI) as a communication 
backbone to talk to all the inverters. (We 
are leveraging the existing AMI that’s 
already paid for through another project 
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so we don’t have to put in another ex-
pensive communications system.)

The key here is to develop the control 
algorithms to manage the reactive pow-
er capability and control the real power 
output of the inverter to manage voltage 
stability across that theatre. As the pen-
etration of renewables increases, we’re 
having more issues with variability and 
voltage and voltage regulation and man-
agement and we believe this technology 
can manage it. We made the tool, and 
we now need to program that tool and 
utilize it to its fullest ability.

US-Japan co-operation on clean 
energy technologies, fortunately with 
a focus on Hawaii and Okinawa, has 
been going on now for almost five years 
and there is discussion right now about 
the continuation of this relationship for 
another five years. In addition, there 
are two major initiatives on the island of 
Maui. JUMPSmart Maui is a Japan-US 
funded partnership on clean energy led 
by Hitachi. It has been very important to 
leverage across existing projects, bring-
ing new projects in order to do more 
with limited resources [Slides 26/27].

This project really starts getting into 
the heart of smart grid. The reality is that 
distributed resources are coming online. 
So how do you manage what’s happen-
ing and integrate those activities with 
the higher levels of the grid? Historically 

power systems had control and man-
agement at the top layer. Now we’ve got 
50,000 distributed resources out there 
doing their thing. The idea is to push 
decision making, command, and control 
out to the edges of the grid, then inte-
grate that with decision making at the 
next layer. It’s a hierarchical architecture 
of control and management of resourc-
es that are growing explosively in num-
ber and that cover the entire spectrum 
of the power grid, including integrating 
electric vehicles into the picture.

One of the key technologies intro-
duced in this project is the micro DMS—
a micro controller you can put in the 
grid as a key nodal point to manage 
resources downstream. In this case, 
micro DMSs are placed at the distribu-
tion transformers that serve, say, half a 
dozen homes, each with PV, electric ve-
hicles, home batteries, DR, etc. So it’s 
managing what’s happening in its neigh-
borhood environment. It then needs to 
co-ordinate its actions with the next lay-
er of the distribution management sys-
tem, which in turn has to co-ordinate its 
actions and decisions with the energy 
management system at the top layer—
hierarchical command and control and 
pushing decisions out to the edge of 
the grid.

The other big part is electric vehicles. 
There are DC fast-charging stations 



Okinawa Institute of Science and Technology Graduate University
The Second International Symposium on Open Energy Systems 101

D
AY 2 : February 3, 2015

deployed at strategic locations cover-
ing the island of Maui, so you can drive 
anywhere in Maui in an electric vehi-
cle and not have range anxiety; a key 
factor in introducing electric vehicles. 
Charging cars demands a lot of pow-
er; these smart chargers actually have 
value as a large demand source that is 
controllable to help balance intermitten-
cy and variability.

If I need sudden demand response, 
I can cut off charging for a short period 
of time to respond to system events. 
In phase 2 of the project, it gets really 
exciting. We just finished testing some 
of the Hitachi technology, which is ad-
dressing the whole notion of a virtual 
power plant.

In phase 1, smart charging stations 
implemented smart charging. Phase 2 
introduces vehicle to grid. So not just 
cutting off the charging but extracting 
power from the vehicles’ batteries. I 
just finished a little project with Nissan 
motors; they’re trying to evaluate the 
economic value proposition in the ve-
hicle to grid picture. People have cars 
because we need to drive places. So 
how you use that resource for the grid 
is going to be constrained by people’s 
use of vehicles, but if you can combine 
that resource with other resources like 
stationary batteries and DR, now you 
have the ability to have a more con-

trolled overall shape of your packaged 
resource, virtualizing a combination of 
different technologies for value-added 
grid DR services.

These kinds of collaboration projects 
are really important, and they are hap-
pening in Hawaii. There’s very rapid 
growth in renewables. The issues are 
real and we are looking for opportuni-
ties to partner with folks. I am looking 
forward to working with folks I’ve met at 
this symposium in the years ahead.
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I’m Ariel Liebman, and I’m the Deputy 
Director of Monash Energy Materials 
and Systems Institute at Monash Univer-
sity, Australia. I’d like to talk about Ener-
gy Systems Research and Applications.

It’s a very exciting time for energy, 
probably the most unprecedented trans-
formation since Edison’s day or the 
postwar period.

I will talk about how my colleagues 
and I see global and Australian ener-
gy opportunities and challenges and 
tell you a bit about the energy projects 
at Monash.

We are in a period of unprecedent-
ed change in modern times in terms of 
strain on fossil fuel resources. We’ve 
pulled a lot of stuff out of the ground and 

we’ve thrown it into the atmosphere, 
and now we have a climate problem. 
We have a perfect storm of rising en-
ergy costs and climate action urgency 
because we’re depleting our fossil fuels 
while at the same time global demand 
is increasing. Oil prices are down at the 
moment but I think they will go up again. 
I hope so for renewables’ sake.

Here is what we have to do in terms 
of emissions trajectories if we’re go-
ing to limit ourselves to 2 degrees of 
climate warming: have world emis-
sions peak around 2020, not very far 
away, and then get down the curve 
rapidly–a 9% decline in emissions per 
year. That will take a lot of innovation 
and transformation.

Speech 14

Energy Systems Research and Applications at 
Monash University

Speaker: Dr. ARIEL LIEBMAN
Monash University, Australia
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The good news is we have some 
pretty affordable new technologies [Slide 
6]. The International Renewable Energy 
Agency has a graph giving the overall 
picture. The gray band shows the range 
of wholesale fossil fuel-based power 
generation costs around the world, and 
it’s quite wide: there’s a lot of variation. 
Then it shows the costs of various re-
newable technologies, by regions of 
the world, and we see that many are al-
ready sitting in the fossil fuel band. And 
this is wholesale cost. The picture only 
gets better for technologies like residen-
tial PV where we can put transmission 
and distribution costs into the equation.

What about Australia? Australia was 
a pioneer in energy market deregula-
tion. That’s been good and bad. As an 
amateur economist I’m not convinced 
that the liberalization of the energy mar-
ket has led to increased efficiencies. It 
depends how you judge that. In Aus-
tralia, each state originally owned and 
managed all its own power system infra-
structure funded out of the state govern-
ment’s budget.

This whole deregulation exercise 
was quite interesting. The focus was 
on the competitive generation market. 
We thought transmission and distri-
bution would be easy—figure out the 
efficient cost of running one of these 
systems and give them a revenue al-

lowance. It didn’t work out very well for 
the consumer.

We’re such a big country; one system 
in the west wasn’t interested in joining 
the market. The Western Australian sys-
tem is quite far away and not connected 
to the eastern system. When they finally 
decided to deregulate, they chose a 
completely different market design. So 
we’ve got two types of markets. The 
Western Energy Market (WEM) has a 
capacity market that’s really good for 
things like demand response. But the 
people who operate it want to get rid 
of it. One problem is how you actually 
price capacity.

With changes in government has 
come the policy flip-flopping on the 
climate issue. We experimented with 
carbon pricing for one year with some 
good results—a marked decline in emis-
sions. We also had a renewable energy 
target of 20% of the projected demand 
in 2020. Now that demand is starting to 
decline, the target, which was fixed in 
GWh, has become more like 27% of up-
dated projections of demand for 2020.

That legislation helped take solar 
in Australia from about 100MW of PV 
back in 2009 to something approaching 
4GW, or about 10% of our peak load. 
The utilities don’t know what to do; they 
talk about the so-called death spiral: as 
the energy they deliver through the grid 
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goes down, so does their revenue. But 
the payback needed for fixed long-lived 
assets stays the same, so the cost per 
MWh goes up. Then rising prices drive 
consumers to do more energy-efficient 
activities, install more distributed solar, 
etc., which reduces demand further, and 
on and on.

This hasn’t actually happened yet but 
it’s been talked about so much that it 
appears as if it had. We also had a big 
smart meter rollout in Victoria which was 
very, very unpopular, not because of the 
smart meters themselves but because 
it was done with no consultation, no ex-
planation of why it was a good idea.

The government also did a tr ial 
called “Smart Grids, Smart City. They 
deployed a whole range of smart grid 
technologies and monitored to try to un-
derstand the implications for the future. 
From exercises like this, it’s impossible 
to project the value or the cost benefit 
if it were deployed at a massive scale, 
but some very good data was gathered 
from it.

In the opening talk Dr. Kitano men-
tioned the CSIRO Future Grid Forum 
roadmap from 2013, a very interesting 
analysis and modeling of four different 
scenarios of where the Australian mar-
ket might go. It had limitations because 
it was a consensus based process with 
a lot of different energy stakeholders 

and some of them had specific sensitiv-
ities on what should be communicated 
throughout this process. But it prompted 
valuable discussion.

The deregulation process brought 
problems. The total cost per household 
in New South Wales increased about 
100% after the new regulatory frame-
work was put into place. Most of that 
came from distribution. Carbon costs 
and increased wholesale energy prices 
were a much smaller factor in the in-
crease [Slide 11].

One effect of renewable energy on 
the energy market is it reduces demand 
for fossil fuel generation and prices go 
down. Fantastic for the climate. Not 
so good for the incumbent generators. 
The underlying wholesale costs have 
been doing what you’d expect, so the 
competitive part of the market—gener-
ation—has been doing okay. But con-
sumer electricity prices went up instead 
of down with deregulation; that’s a mas-
sive policy failure.

Despite Australia’s huge size, trans-
mission—moving energy long distanc-
es—is quite a small proportion of the 
final bill. Transmission technology is 
efficient and average losses are only 
around about 8%. Wholesale compe-
tition behaved as expected. The prob-
lem is retail. Some of the retailers in 
Australia who buy energy from various 
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producers and set prices to sell it to the 
consumer market are very expensive.

Ownership varies for different states 
in Australia. Some assets are private, 
some are government owned. There are 
glaring difference in the size of the low 
voltage distribution component of the 
bill, whereas 10 years ago, they were 
about the same.

Notice though that the final price is 
fairly similar in all the states, the retail 
margins—the operating costs of the 
middleman—are very different. In Vic-
toria, this retail margin is much higher 
than in the other states. The main dif-
ference between Victoria and the other 
states is that there is no regulation of 
the retail price. This shows us that re-
tail competition in electricity is not that 
easy. We don’t quite know how to make 
a competitive electricity market work at 
the retail level.

It’s not the same as going to buy ap-
ples or Apple computers or whatever. 
People don’t seem to spend as much 
time thinking about their electricity bill. 
Our productivity commission did an 
analysis of these network pricing issues 
that showed that actually the productiv-
ity of our electricity has been increasing 
over time before deregulation.

But somebody thought it was not 
increasing fast enough. Higher-produc-

tivity assets means lower cost per unit 
means lower prices. When we dereg-
ulated, productivity gains should have 
accelerated, but it’s gone the other way. 
The general market sector had a down-
turn too, but nowhere near as much. 
So in relation to Open Energy Systems, 
why does productivity and cost of net-
works matter? Because all these Open 
Energy Systems –smart grids, local 
generation and so forth–are competing 
with traditional infrastructure, so the 
pricing of the traditional infrastructure 
impacts directly on when these new 
technologies will be competitive.

Energy demand is going to grow in 
the developing world and it is starting 
to plateau in the developed world. We 
seem to be decoupling economic growth 
from energy consumption growth. At the 
micro level, there are some interesting 
legacy challenges around keeping the 
operation of the power systems stable; 
renewables make that harder.

The legacy architecture of all these 
big turbines running at 3000 rpm and 
talking to each other via this thing called 
the frequency, to synchronize with each 
other: that’s 1930s technology. It worked 
well when demand was fairly non-vari-
able and nothing much besides turbines 
existed on the generation side. Now we 
have much more volatile demand with 
a lot of new devices such as air condi-
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tioners and all kinds of electronics. That 
adds to the challenges of just keeping 
the system stable.

Another challenge is forecasting de-
mand and this is already an important 
factor that will become even more im-
portant with the new technologies we’re 
deploying. Demand for a system with 
a lot of photovoltaics is much harder 
to forecast short term. Demand is now 
based not just on consumer behavior 
but on solar irradiation (distributed PV) 
varying as a function of cloud cover 
across the different areas of a city. We 
need more work on forecasting.

Managing the integration of renew-
ables and their variability through smart 
fast demand-response is a challenge. 
If smart grid systems were realized, 
enabling all these devices to be on a 
smart grid where we can control them– 
turn them on and off, or back them off—
at various times, it would be a benefit 
that really increases the value of Open 
Energy Systems.

What would smart grids mean for the 
market if implemented? Perhaps only 
in Hawaii do we see anything close to 
a full-blown smart grid anywhere in the 
world. Smart grids, or Open Energy 
Systems which is an even better term, 
can make full consumer engagement 
possible, increase productivity of the 
energy sector, help with integration of 

renewables, defer capital expenditures 
across the entire supply chain and re-
duce operating expenditures.

Smart grids should decrease the cost 
of building and running an electricity 
grid. If they don’t do that then they’ve 
not served their purpose. How do you 
get them to do that?

How do we segment the different ac-
tivities and capabilities of the different 
types of smart grids? How do we engi-
neer them so we can control and pro-
vide services on different time scales? 
And what should we do with all the 
smart meter data we are getting; how 
can we extract value from it?

Another aspect is the long-term in-
vestment decisions. These assets tra-
ditionally are very expensive and long 
lived. About 80 to 90% of any power 
system is capital expenditures; the 
rest are variable costs. When we get 
to 100% renewables, variable costs 
will be almost non-existent. So how do 
you design electricity markets when 
you have no variable cost-based price 
signal? Your price can either be zero or 
infinity depending on whether you’ve got 
enough power or not.

Even when demand is not growing in 
the developed world, you need to make 
decisions about new technology. Who 
decides where it goes: central planners 
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who want to maximize efficiency, or en-
trepreneurial utilities that want to maxi-
mize their own return? A lot of modeling 
and analysis needs to be done and new 
techniques developed for making these 
investment decisions under uncertainty.

Uncertainty such as whether electric 
vehicles will cause demand in the devel-
oped world to accelerate and grow fast-
er than before it started to plateau. We 
have very interesting cross-disciplinary 
and systems-based problems that need 
new paradigms from economics, optimi-
zation theory, IT-based simulation and 
electrical engineering.

For example, in Australia, wind devel-
opers have to decide whether to place 
turbines where the wind is high and 
consistent, but lacking transmission, or 
in places with better transmission but 
worse wind. Do you invest in upgrading 
this line? And who’s going to pay for it?

In Australia, governments are not in 
the business of building transmission 
lines anymore and the economies of 
scale don’t work for one wind developer; 
it would take three or four wind develop-
ers. There is a market failure happening 
on these types of investment decisions 
under uncertainty. Some new mecha-
nism is required.

This is my pet project. How do you 
invest in a very complex system? How 

do you decide where to put new tech-
nologies? We have a test scenario, a 
30 node system with 24 nodes where 
you can put in some renewable gen-
eration–wind, solar or maybe pseu-
do-renewable generation l ike gas, 
micro-turbines, or fuel cells where you 
pipe in the hydrogen. For 24 possible lo-
cations, 3 types of technology, that’s 72 
decision variables.

Say you only have five increment 
levels: 1-5MW. That’s 5 to the power of 
72 combinations. How do you decide 
the most economic configuration? It is 
doable with the right optimization algo-
rithm deployed on cloud-based com-
putation. We run 400 simulations at a 
time, with several objectives: reliability, 
capex, opex and emissions. Using these 
chronological market simulation tools, 
it only takes a few days to map out a 
Pareto frontier using 70,000 simulations 
and find a quite non-intuitive solution 
[Slide 26].

We are also working on smart meter 
data management and analysis: How do 
you identify what type of customer you 
have and how they behave, what devic-
es they’re using when, with just a meter 
at the gate of their house giving half-
hour resolution? We are also working on 
risk-based asset replacement.

We are also working on designing 
markets for demand-response and 
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smart grids simulating a dynamic price 
response based system where each 
house develops a schedule based on a 
dynamic price passed through to them. 
In summary–we’ve got some big chal-
lenges, energy growth in the developing 
world, CO2 growth and a very short time 
frame over which to address these–
but we’ve got big opportunities: cheap 
renewables, and using information tech-
nology to integrate existing technolo-
gies, which is about 50% of the solution. 
Research institutions must work with 
businesses and other stakeholders. I 
wish every university and research cen-
ter would focus just on energy in the 
next 10 years because of how big this 
problem is.

Good luck to all of us!
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Dr. Robert Baughman: Thematically, 
we’ve included a part here at the end 
that’s focused on the concept of R&D 
clusters. Here in Okinawa we have to 
integrate the activities of the university 
with the activities on the island in the 
context of an international community. 
That means getting groups working to-
gether, doing new things. Could the two 
of you talk about the context in which 
your activities can or should interact 
with R&D clusters?

Mr. Leon Roose: I really believe that to 
make the most progress it is essential 
to have interaction and partnership be-
tween all the key stakeholders that can 
and do effect change in the energy sec-
tor. All stakeholders that are business-
es, like utilities, generally bring a per-
spective reflecting a particular agenda 
or purpose. And I think a very important 
role that academia can serve is com-
ing into the picture with less of a stake 
in the game than those businesses, to 
facilitate the interaction that I think is 
essential amongst stakeholders without 
having that baggage.

In Hawaii, it was really important in 
that paradigm shift of trying to move 
towards renewable energy, of trying to 
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get alignment of stakeholders. With-
out that you’re constantly pulling in 
opposite directions.

You’re never going to get perfect align-
ment but getting people generally 
steered in the same direction is pretty 
critical and essential.

Dr. Ariel Liebman: One of the challeng-
es to overcome for this sort of thing to 
be successful is the private sector’s and 
universities’ expectations of each other 
and understanding of each other’s driv-
ers and incentives and timeframes. Aca-
demics are remunerated or rewarded for 
publications in a lot of cases; that’s the 
metric of their success, for being pro-
moted and so forth. And a lot of that re-
search is long term. It takes time to pro-
duce good research. At the same time 
industry needs shorter term outcomes.

In Australia industry is short-term fo-
cused. A company we worked with didn’t 
understand how they were using so 
much electricity on their sites. Their in-
ternal stakeholders who wanted to solve 
this problem, wanted to do sub-me-
tering of all their sites. And they kept 
getting their business case knocked 
back because they could not show how 
a modest investment of a few hundred 
thousand dollars in sub-metering would 
produce a return on investment in 
two years.

Industry needs to have the right sort 
of time frames to be able to work with 
universities. Universities also need 
to be willing to deliver results on a 
shorter timeframe than is traditional 
in academia.

Baughman: By hosting this last year 
and this year, OIST is building towards 
something that we hope might material-
ly contribute to building an R&D cluster 
here. We’re interested in what kind of 
community is involved in broadening the 
foundation and the context of a cluster, 
and what is the role of policy. As an ex-
ample of the kind of thing we’re talking 
about, OIST is about to sign an MoU 
agreement with the University of Hawaii. 

Roose: I think the major thing about en-
ergy is that it cuts across every sector of 
our lives and our livelihoods. So energy 
solutions inherently need to be viewed 
and examined across a whole array of 
different sectors and activities, trans-
portation being a key one. Having that 
broad range of research and pulling it 
together will really drive us as a society 
towards solutions quicker.

Baughman: In working on projects over 
a number of years, could you tell us 
about what obstacles you overcame to 
reaching this point? And how you col-
laborated with other people to do that?
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Roose: That watershed moment in 
Hawaii was in 2008. Crisis can be the 
paradigm shifter. Sometimes crisis is 
good because it shakes things up. The 
other key part was trying to align the 
stakeholders. And that’s not an easy 
thing. But I think that’s extremely essen-
tial to begin to move forward. The utility, 
if it was going to survive, needed some 
things to change fairly rapidly in terms 
of regulatory transformation, so that was 
part of the deal, even if the question 
is still out there as to what it’s going to 
look like as it’s transforming. It was kind 
of amazing how in a relatively short pe-
riod of time, about eight months in 2008, 
we were able to bring alignment of the 
major stakeholders in Hawaii.

Japan had its own sort of crisis with 
Fukushima. The question is where do 
you move from there? There is a very 
complex equation with multiple variables 
that you need to balance. But you have 
to get an alignment of stakeholders. 
And that’s a big part of the challenge to 
move forward.

Liebman: It’s interesting that you men-
tion 2008. That’s when I first saw some 
success in my activities around energy 
related research in the university sector. 
In 2005 I came back to academia from 
industry and I didn’t see much energy 
related research happening. I thought, 
“Energy is a big deal and it’s going to be 

a bigger deal in the future.” But I could 
not convince anybody. They thought, 
“Energy? We’ve been doing it for 100 
years, it’s a solved problem.” I persisted, 
kept getting involved with any develop-
ing relationships in the space while do-
ing other things. It’s a bit like surfing. 

You’ve got to be paddling or swimming 
before the wave hits. If you wait until 
the wave hits you’ll have missed it. You 
have to start lining up your ducks in a 
row before the crisis. Or spot your par-
ticular crisis that you’re interested in ad-
dressing before it gets too bad.
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Kitano: I would like to wrap up and 
discuss issues raised in the two days, 
which I think have been very fruitful. 
Thank you all again. But we don’t want 
to leave here just thinking that was 
great and we had a good time. A win-
dow of opportunity is now opening up. 
The next couple of years are going to 
be a really critical period because things 
are going to change on big issues: reg-
ulatory schemes, markets, and we are 
on the verge of major breakthroughs 
in cost reduction. We need to seize 
this opportunity.

  Let’s look back at what we have done 
recently here at OIST. At last year’s 
conference there was not much going 
on. It was like a forum of discussions on 
things we wanted to do, but that had not 
yet materialized. But this year we’ve got 
OES installed in 19 houses, connected, 
and up and running continuously. I think 
everyone could see the technology is 

there. Open energy, nano-grid, commu-
nity grid, all this terminology is getting 
more and more familiar to people. There 
has been great progress in only one 
year. At least three Japanese newspa-
pers, including one of the biggest, actu-
ally ran stories about this symposium. 
We have more and more people con-
tacting us, saying they heard about this 
system and are very interested, even in 
the last 24 hours. People are taking this 
seriously now. Next year we’d like to 
organize this again. But what should the 
framework be?

Tokoro: Before I forget, I’d like to thank 
Ronan Stephan from Alstom, one of 
the program committee members who 
made a very, very big contribution. Un-
fortunately he couldn’t come because 
he got the flu.

Kitano: I do want to add more structure 
to this conference, so it would be good 
to have more partners involved, like a 

Wrap-up Discussion

Moderators:

Prof. HIROAKI KITANO
Dr. MARIO TOKORO
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standing steering committee to decide 
on the program and who to invite. This 
year’s speakers are mainly our own 
connections, between OIST and Hawaii 
and Mario Tokoro and myself.

Tokoro: I am glad we could show the 
DCOES system in a working version, 
and I am also very pleased that many 
people working independently of us 
have started pursuing energy that is 
open, distributed, and renewable. May-
be there are still people out there work-
ing very hard in this area. If we could 
invite those people, this community 
would grow and our new vision would 
grow and influence the world. That is 
my hope.

Kitano: Let’s get some feedback. What 
would improve the conference, make 
it more exciting and more proactive? I 
would like to have questions and com-
ments from the floor.

Roose: I really enjoyed the conference. 
The array of perspectives and systems 
ranged from off-grid electrification to 
more modern grids and integrated sys-
tems. How are we ultimately going to 
stitch them together? As you get elec-
trified communities, eventually they’ll 
evolve to a level where they begin to get 
interconnected and tied into the bigger 
grid. It would be interesting to look at the 
whole landscape of how that evolves as 
a focal point.

Amoroso: One element to be further ex-
panded next year could be the business 
models that arise from this technology. 
The technology is there: battery storage, 
the platform for Open Energy Systems, 
all kinds of micro energy systems. It 
opens up a number of possibilities when 
it comes to addressing the needs of the 
customer with different business mod-
els. The real challenge we’re going to 
be facing in the next few years is how to 
better meet customer needs.

Tokoro: Business models competing 
with the current grid business model will 
not necessarily be easy, as Mr. Kogure 
explained concerning the case of Hok-
kaido. It sounds like the Japanese utility 
business is pretty much a state monop-
oly in reality. You have to know what the 
vested interest groups are.

Liebman: Thank you for this fantastic 
symposium. Every speaker has said 
a lot of very valuable things. What in-
terests me is shaping the discussion 
towards solutions to problems. I’m still 
trying to get my head around where 
you guys are coming from. In Australia 
we’ve had a smart grid R&D leaders 
working group for the last year and a 
half to come up with a roadmap to find 
out what research needed to be done to 
help smart grids get taken up.

A lot of the questions addressed were, 
“What are we trying to achieve?” It 
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would be great to see next year a spe-
cific outcome at the end of the work-
shop looking at predefined problems 
and trying to coalesce solutions. That 
might help to focus the discussions. 
Perhaps one way to do that would be 
to hold some workshops as well in 
the symposium.

The danger that smart grid proponents 
in Australia became aware of is that con-
sumers do not want technologies, they 
want solutions to some of their needs.

Dogertom: I was very impressed with 
the DCOES set up. What I would really 
like to see is the breakdown of the eco-
nomics and what variables you need to 
play with. What distance would an exist-
ing grid need to be extended before the 
math worked out to make that possible. 
What we really need too is to look at 
ways it can be further optimized, and 
not necessarily today’s economics but 
the economics under a number of sce-
narios into the future.

Ponthieux: The most powerful way to 
communicate this is to actually have 
done it. We’ve seen that on the Big Is-
land, where for years we talked about 
doing things and went to lots of confer-
ences making PowerPoint presenta-
tions. Once we did it, then we got the 
attention of much bigger audiences, like 
the Department of Energy, Department 
of Defense. You’ve taken away that vari-

able of “will it work or not,” once you’ve 
shown that it actually does.

Lewis: Quite a lot of these business 
models are getting there and it would be 
great to see some of those, especially 
startups that are trying to develop real 
commercial solutions out there. Even 
if they’re not yet that successful but if 
they’re emerging. Policy makers and 
regulation at all different levels, national 
and international and so on, are very 
powerful barriers to a lot of what we’re 
trying to do as an industry, and it might 
be good to hear more about those barri-
ers, and how to overcome them. I know 
sometimes regulators are not the most 
exciting speakers and they’re inhibited 
in what they can say but I do think that 
the regulations are not going to be over-
come unless someone works at it.

Ponthieux: It seems that a lot of the 
focus is on microgrids and small grids 
having to be connected to larger grids 
and I don’t necessarily agree with that. 
I don’t see why you can’t have both. 
Individual communities can be their 
own grid and they don’t have to be con-
nected to any larger grid system. And I 
think there are some advantages to be 
gained from having smaller grids, and 
having that democratically controlled by 
the people who actually produce and 
use that energy in their own community.
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In closing I’d like to thank you all 
again very much for coming. It certainly 
meant a lot to us at OIST and I hope it 
has meant something for you.

In part, it has answered the ques-
tion, “Why are we here?” For you, but 
also for us. Why are we here? What is 
OIST? And I think it’s actually very im-
portant that OIST represents a dream 
to do something new. Something that 
matters, something that’s the best in 
the world. Doing something like that is a 
special opportunity. The spot where I’m 
standing was just pine trees some years 
ago, and now we have all this. That’s 
what OIST is about. So we hope that a 
meeting like this follows that theme of 
doing something new. Another important 
aspect of OIST is to be interdisciplinary, 
crossing into policy, crossing into sci-
ence. 

The hope was that in getting this 
group together around the idea of Open 
Energy Systems, new approaches to 
energy, we would be helping to launch 
a new interdisciplinary community. And I 

think we have actually gotten something 
started here.

So I want again to thank the orga-
nizers for putting this together and to 
thank our business development team 
and technology licensing team here 
at OIST. They helped make sure that 
this happened.

And thank you to all the supporting 
staff running around behind the scenes. 
I think we’ve got something going and I 
hope to see you again next year. Thank 
you very much.

Dr. ROBERT BAUGHMAN
Executive VP for Sustainable Development of Okinawa, OIST

Closing Comment
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