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Declining chipset costs, improving data analytics, and ubiquitous broadband are driving the onslaught of
connected devices. Taken together we' re entering the brave new world of the internet of things (1oT),
where significant venture capital will flow toward business models that figure out away to connect a
device, mineits data, and provide valuable services to businesses and consumers.

What does this trend mean for cleantech? The ability to connect “things’ will result in the possibility of
automating decision making in a broad endeavor to drive efficiencies in areas ranging from lighting to
home appliances to the smart grid. Almost al of these business models will be broad efficiency plays and
carry the advantage of having much less technology risk than other cleantech sectors like next-generation
batteries or solar.

Key findings from the report include:

= No single company dominates home energy management, and many players, from utilitiesto
broadband providers, are becoming increasingly important partners in the ecosystem. There is tension
in the market among those companies offering a single point solution like Nest and those attempting
to fully connect the home under one automation system.

= Efficient and connected lighting is coming, particularly in the commercial and industrial space. LEDs
are expensive, but lighting-as-a-service models could make them more attractive to customers.

= The smart grid epitomizes the data services theme, connecting energy users datato the network with
smart metering. Look for two-way communication, decentralized power generation, and a much more
controllable and flexible demand side of the grid to change how energy is distributed and consumed.

= Environmental sensorswill become increasingly widespread as they are made more compact and
function on less power. Startups with simple, elegant, and creative solutions to producing value from
that sensor data will find customers.
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I ntroduction

The internet of things appears to be the new buzzword in tech and venture investing circles these past 12
months, perhaps where big data was afew years ago. And it’ sinevitable that entrepreneurs would jump
on the promise of never-ending possibilities stemming from connecting devices to the network as atrend.
For cleantech investors, the internet of things holds promise that it can be leveraged to drive energy
savings and sustainability projects, just as big data technologies have been used to drive efficiency
projects like smart grid data analytics.

The definition of the internet of thingsisitself hard to pin down, precisely because it’s evolving even as
analysts attempt to draw boundaries around it. (For abroad look at the trends in the internet of things
landscape as well as conceptual definitions of the market, see “ The internet of things: a market
|landscape.”) As abroad concept, the physical world, including objects ranging from cell phonesto
thermostats to glucose monitors, is becoming areservoir of datato be mined, because it can now be easily
connected to a network. More importantly, we' ve reached a point in technology evolution when it's
becoming feasible to mine that data for useful and actionable data.

Projections are overall optimistic in terms of growth of what can broadly be termed the internet of things.
Cisco estimates we'll hit 50 billion connected devices worldwide by 2020 versus about 15 billion today.
And market projection specialist MarketsandM arkets sees the 10T and machine-to-machine (M2M)
communications markets growing to 290 billion by 2017 at a annual growth rate of 30 percent. The
analysislooks broadly at sectors that will be impacted, ranging from retail to energy.

So what are the macro trends enabling the internet of things? The ubiquity of broadband at millions of
access points along with the ease with which wireless connectivity and sensors can be placed in physical
objects has been one giant leap. At the heart of this leap has been declining chipset prices across multiple
protocols including Wi-Fi, cellular chipsets, and ZigBee.

Texas Instruments is so keen on the internet of thingsthat it’s releasing low-cost Wi-Fi chip modules at
the cost of $10 per set so that startups can experiment with connecting lots of different things. Wi-Fi
chipsets hover around $5 for mass production while 3G cellular chipsets are under $30.

Cheap, compact, and available chipsets combined with broadband networks are feeding tremendous
growth in data accumulation. All of this data has to flow somewhere. It’ s being warehoused in data
centers, the backbone of the cloud.

The stability of cloud providers ranging from behemoths like Amazon Web Services and Rackspace all
the way to simple private cloud buildouts has made storage and access to data secure and accessible.
There' s also growing interoperability to the point where it’ s getting easier to amass pools of data and
make it accessible to third parties, which leads to the final critical issue with the internet of things: what
to do with all of that data.


http://pro.gigaom.com/report/the-internet-of-things-a-market-landscape/
http://pro.gigaom.com/report/the-internet-of-things-a-market-landscape/
http://pro.gigaom.com/report/the-internet-of-things-a-market-landscape/
http://www.wfs.org/blogs/thomas-frey/empowering-“things”-for-our-internet-things
http://www.prweb.com/releases/internet-of-things-iot/market-report/prweb10122019.htm
http://hackaday.com/2013/01/12/finally-ti-is-producing-simple-cheap-wifi-modules/
http://gigaom.com/2012/07/10/we-already-use-wi-fi-more-than-cellular-why-not-continue-the-trend/
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Collecting datafrom devicesisn’'t a solution. Rather, it's what can be done with that data in terms of
analytics and businessintelligence. At a San Francisco meetup earlier this year hosted by GigaOM in
which speakers attempted to hash out a concept of the internet of things, the following key point was
made: The connected device isn’t the product; the serviceis. It’s what you can do with the data emerging
from the device. And in the world of cleantech, those services invariably come down to reducing energy
consumption and driving efficiency.

What the internet of things means for cleantech 5
This PDF prepared for: david152 (david@govcon.net)


http://gigaom.com/2013/02/27/how-to-stop-adding-to-the-hype-and-make-the-internet-of-things-a-reality/

GIGAOM RESEARCH

Why loT mattersin cleantech

If there has been a significant trend over the past few years in cleantech investing, it’s been the shift away
from debt-capital-intensive renewabl e-energy and next-generation battery startups and toward easy-to-
scal e energy-efficiency technologies, sometimes referred to as “digital green” or the “cleanweb.” There
are anumber of reasons for this, but most boil down to the fact that efficiency plays invariably build on
decades of software-based innovations and technologies to reduce resource consumption. This approach
has little technology risk, avoids significant scaling costs, and isincreasingly being understood as a new
form of power generation. (The failures of multiple solar and battery startups haven't helped either.)
Software that makes resource demand more flexible and reduces waste is the new black.

WE're seeing these investments in arange of different areas. Data center infrastructure management
(DCIM) providers like Power Assure that are building visualization and rules-based analytical systemsto
reduce power costs in the modern data center, have picked up investment capital. In the commercial
building space, startup Building 1Q, which has a predictive-analytics engine that crunches real-time data
to make building management systems more efficient, opened the year by picking up $9 million in
strategic investment from industry heavyweights including Schneider Electric and Siemens.

These are analytics- and data-driven approaches to resource efficiency. The questions are, How far can
startups take this trend, and what value can be generated from connecting more products? The benefit of
the efficiency startup isthat it if its power savings are significant, it can be an easier sell, not just to
investors but also to end customers, be they end consumersin the case of a connected thermostat or a
utility in the case of an automated demand-response platform.

And if we return to the original message at the heart of the internet of things — that it’s about building
services from data, not just connecting objects — then we can begin to take alook at where there might
be opportunities for building startups that can deliver a service that transforms a user’ s experience and
saves energy.


http://pro.gigaom.com/blog/is-cleanweb-the-future-of-cleantech-investing/
http://pro.gigaom.com/blog/is-cleanweb-the-future-of-cleantech-investing/
http://gigaom.com/2011/09/26/power-assure-raises-13-5m-for-greener-data-centers/
http://gigaom.com/2013/01/22/energy-giants-back-buildingiq-and-its-machine-learning-energy-data-software/
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Theinternet of things in cleantech: key sectors

Home ener gy management

If there’'safamiliar location in which to begin connecting devices to the internet with an energy-savings
proposition, it’s definitely in the home. Sometimes referred to as home energy management (HEM), this
market is summed up by the installation of systems to control various home appliances, from washing
machines to thermostats. Pike Research has forecast the market for HEM to rise to 63 million users by
2020. As more homeowners control their devices from aweb interface or, more likely, a mobile device,
the potential to maximize energy savings increases. GigaOM Research and NextMarket I nsights forecast
shipments of home automation systems — a category that adds entertainment and security to home
energy management under the smart home banner — to increase from almost 1.7 million unitsin 2012 to
12.2 million units by 2017. Over the same time frame, revenues from the sale of these systems will
increase from $1.9 billion to $3.8 billion.

At present the competitive focus in the home centers around the thermostat. It's the most active area
where connected hardware as well as analytics-based software services are being rolled out. Thisis
because the thermostat is the low-hanging fruit, with the HVAC system representing the largest energy
demand in the home. By energy expense, heating and cooling account for 56 percent of power usein a
home.

Smart learning thermostat Nest has grabbed most of the headlines in this sector, owing to its design and
first-of-its-kind buzz. The company was founded by Tony Fadell, the former chief architect at Apple,
who has managed to sell the thermostat directly to consumers despite the fact that installation is more
complicated than just registering an iPhone. Equipped with sensors that take readings for light, activity,
temperature, and humidity, the thermostat crunches all the data to program itself, reducing power use.

The company, though, has its eye on other revenue streams, primarily from utilities in deregulated
markets that want to use the Nest thermostat to lure energy customers into long-term contracts. Recently
Nest is going a step further by trialing its two-way communication-capable thermostats in demand-
response programs that would give utilities the ability to remotely adjust thermostat setpoints during peak
load. In terms of an internet of things model, this could prove one of the most advanced applications
where adeviceis providing lots of data and the network can automate decisions for that device in service
of creating a more stable grid.

Nest is not alone, and multiple models are emerging here. Competitor EcoFactor is building out software
that provides similar energy savings and can work with multiple connected thermostats. CEO Rory
Johnson noted to me recently that chipset pricing for a ZigBee-enabled thermostat is now down to about
$55. The company wants to alow othersto build the hardware while its team of data scientists figures out
ways to improve algorithms and allows channel partnersin broadband, HVAC servicing, and home
security to do the sales.


http://hdliving.com/green-technology/2011/06/28/home-energy-management-rise
http://energy.gov/public-services/homes/heating-cooling
http://gigaom.com/2012/06/25/nest-scores-first-utility-deal-in-texas/
http://gigaom.com/2013/05/07/nest-acquires-myenergy-formerly-earth-aid-moves-deeper-into-utility-data/
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And the channel partners, particularly in home security, are taking notice of the trend toward selling
broader packages to customers. Alarm.com recently acquired EnergyHub, which will enable the company
to offer a connected-thermostat product to customers already opting for a home security system. Control4
recently filed to go public, with its business model built around connecting home devices including door
locks, video cameras, and lighting.

Thisisall going toward broad home automation systems where everything from lighting to security to
entertainment to thermostats can coexist on one platform, al connected on a single network. Many of
those service providers are looking to offer a connected thermostat offering because of the energy
savings. We're at the beginning of consumer adoption here, but the increased competition is encouraging.
And while the thermostat is being rapidly connected, other areas of the home are till in a nascent stage.

Because of the energy demands of pool heaters and pumps, many analysts have long opined about the
need for a connected pool pump. On warmer days are there potential energy savingsin automatically
turning down a pool heater? And the connected appliance issue remains uncracked. Do consumers want a
connected fridge that alerts you if you' ve left the door open or if temperatures are above an optimal range
for raw meat?

Samsung has rolled out connected washing machines that users can control from their phones. There are
potential benefits here in terms of scheduling loads to coincide with either discriminatory energy pricing
or in afuture of rooftop solar, when solar power is most available. The issue with all of these connected
appliance endeavors remains the payoff for consumers. But | believe that as consumers come to expect a
connected home, the value will be partially energy savings and partially user experience.

Connected lighting

When we talk about connected lighting and efficiency, it’s important to discuss the adoption of LED
lighting, which uses 75 percent |ess energy than traditional incandescent bulbs and lasts 35 to 50 times
longer than incandescent and 2 to 5 times longer than fluorescent. There' s also a slowly growing
awareness surrounding light pollution and wasted lighting, largely due to itsimpact on human sleep
patterns and environmental impacts on wildlife. (For afull GigaOM Research report on the LED market,
see “The growth and promise of the LED market.”) LED isinteresting in that it has energy-efficiency
benefits as well as the fact that it’s alight bulb technology that almost across the board is being
introduced with connected capabilities.

If we want to use less light, we'll need environmental sensors and smart lighting systems. LEDs are
themselves constructed from semiconductor material and are typically based on silicon or gallium-nitride
wafers, and many companies are looking at using this construction as away into easily networking LED
bulbs so that they can be remotely controlled on a network.

Startups like GreenWave Realty are building LED lights with 1P addresses built in that will make them



http://gigaom.com/2013/07/01/connected-home-startup-control4-files-for-an-ipo-for-up-to-60m/
http://gigaom.com/2013/07/01/connected-home-startup-control4-files-for-an-ipo-for-up-to-60m/
http://gizmodo.com/5910798/electric-imp-wants-to-connect-your-everything-to-the-internet
http://www.youtube.com/watch?v=g9NYJa9HVEc
http://www.energystar.gov/index.cfm?c=ssl.pr_why_es_com
http://www.bigskyastroclub.org/dark_skies.html
http://www.bigskyastroclub.org/dark_skies.html
http://pro.gigaom.com/report/growth-promise-led-market/
http://www.forbes.com/sites/jenniferkho/2012/10/20/the-next-wave-in-lighting-and-the-internet-of-things/
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programmable as well as allow for basic functionality like automatically turning off when no activity is
detected. Philips has waded into the connected-lighting space with its consumer-directed Hue light bulb
and has actually opened a software development kit (SDK) so that devel opers can take their stab at
developing apps that dim, turn off, or sync the bulbs.

In terms of market traction, there’s much more movement on the commercial and industria side, because
the energy savings of replacing incandescent with a networked, LED system are far more quantifiable at a
larger scale. Companies like Digital Lumens are rolling out wirelessly networked LED lighting systems
that can be remotely dimmed to optimize lighting in large commercial spaces. Digital Lumensis also
creating lighting-as-a-service offerings whereby companies can just pay a monthly service charge rather
than the expensive up-front capital costs of putting in awhole LED system.

LEDs remain expensive and are much easier to sell to commercia customers, who have a sense of the
total cost of ownership. While LEDs can be 15 to 20 times more costly in terms of up-front cost versus an
incandescent bulb, the total cost of ownership istypically 4 to 5 times lower, due to the enormously long
lifespan of an LED. It's early days in the connected lighting market, both in the home and at commercial
locations, but regulatory incentives along with energy savings should push the evolution forward.

Thesmart grid

The requirements of today’ s modern electrical grid invariably involve connecting renewable energy
sources like solar and wind power that have intermittency challenges. This means there are times when
the sun isn’t shining and the wind isn’t blowing, as well as times of excess renewable-power generation
when the grid can’'t use all the energy being generated. On a broad scale, what will be required isa
flexible demand side to the energy equation.

In order to make the demand side flexible, sources of power consumption, be they the thermostat in your
home or a major wastewater treatment plant, need to be able to respond to the availability of power. On a
deployment level, what has been occurring is the phasing out of analog energy metersin favor of smart
meters, which wirelessly transmit energy-usage data to utility back offices, often every 15 minutes. This
digitization of the grid gives utilities granular data on energy consumption, improving outage response,
billing accuracy, and reliability.

But the next evolution of the grid will include two-way communication between generation and demand
in order to create a more flexible and stable grid. One of the macro factors driving this necessary trend is
that while the grid has historically been conceived of as a centralized hierarchy where power comes from
one place and is transmitted, the grid is evolving to have a more decentralized architecture. Customers
can generate their own power and are doing so with rooftop solar. In some cases, they’re selling that
power back to the grid.

The ability to shed and move load, particularly in a decentralized generation setting, requires improved
demand-response abilities. On a consumer level, companies like Nest have begun to work with utilities to



http://gigaom.com/2013/03/28/iot-podcast-why-the-hue-internet-light-bulb-is-a-bright-idea/
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http://www.smartgrid.gov/sites/default/files/doc/files/The_Cooperative_Internet_Things_enabled_Smart_Grid_201006.pdf
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give them control over residential thermostats to be able to shed load during peak power usage. Larger
opportunities exist on the commercial and industrial scale. ENBALA Power Networks has developed a
software platform to help large power customers like manufacturing plants connect with utilities. The
platform incorporates utility data as well as the needs of the power user, crunching datain order to create
situations where the power user can offer flexibility in its power use and get compensated by |SOs. (For a
longer look at energy data and the smart grid, see “How energy data will impact the smart grid.”)

Thisareais under abroad umbrellareferred to as " automated demand response,” which encompasses the
possibility of having customers automatically shift their power usage because of two-way communication
with the utility. As communication gets more fine-tuned, the possibility of frequency regulation has
entered the picture. Frequency regulation is the second-by-second matching of supply with demand on the
grid in order to maintain good-quality electricity and balance the grid. It has typically been harder to use
two-way communication here because of the constant adjusting required, but improved connectivity has
opened up this possibility.

In essence, the smart grid is one giant internet of things architecture where the demand side of the grid is
being reconceived as connected and flexible. To that end, multiple startups from data- and demand-
focused AutoGrid to home-energy-focused Bidgely are finding financing because they hold the promise
of offering utilities new options to address challenges related to intermittent energy generation. The
challenge in this market will be to build business models that can show utilities and end consumers the
value of further connecting the demand side of the grid.

The potential for environmental sensors

At placeslike Intel, there’s afocused push right now to improve environmental sensorsin such away that
makes them low power, compact, and capable of wirelessly communicating data. These sensors include
motion, weather, air quality, and life cycle management. The question with all sensorsis how to get them
out of the research lab and into a viable business model that can produce a benefit.

How might putting sensors in an environment translate into a sustainability-focused business model ?
There' s actually probably more low-hanging fruit here than might be realized. Helsinki-based Enevo has
raised a couple million dollars for its technology, which puts a volume and temperature sensor inside a
garbage bin. The company then uses that data to optimize collection routes and intervals for its
customers. Thisisaclassic efficiency play. Competitor BigBelly Solar says that its sensor system allows
for shrinking garbage collection frequencies by 70 to 80 percent. Its CLEAN mapping console is cloud-
based and links real-time sensor data to heatmapping of garbage in a city to improve efficiency.

The applications here are broad and revolve around the possibility that improved monitoring equals
greater efficiency. Startups around improved tire pressure monitoring are getting going, since it has long
been known that incorrect tire pressures on 18-wheelers will result in subpar fuel efficiency. And for 18-
wheelers that are doing tens of thousands of miles ayear, there can bereal cost savings. The question
with many of these emerging sensor modelsis, Who' s the customer? Who gets the aert, the driver, the
tire company, or the trucking company?
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Putting sensors in garbage cans and tires isn’t particularly sexy. But the potential for all of these
efficiency-related internet of things business modelsisin their ssimplicity and in appealing to customers
with large-enough scales of business where saving afew percent in energy use or resource conservation
will make a difference to the bottom line.

What the internet of things means for cleantech
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Key takeaways

= Theinternet of thingswill drive services that can be built around connecting an object and the data
that is mined from those services. A service should provide some or all of the following benefits:
resource conservation, cost savings, improved user experience, and better operational efficiency.

= The macro drivers aiding the growth of the internet of things include less-expensive wireless chipsets,
the maturation of backend cloud technology, smaller and lower power sensor technology, and
ubiquitous broadband.

= |0T business models matter in cleantech because venture investing is shifting away from capital-
intensive projects toward startups that can produce energy-efficiency benefits and resource
conservation around | T-based businesses. Connecting things to the network opens the possibility of
using software-based solutions to make those things, or the system those things control, more efficient.

= The most mature |0T market on the consumer end has been the home, with the thermostat being target
No. 1. Still, no single company comes close to owning this market, and many players, from utilitiesto
broadband providers, are becoming increasingly important partners in the ecosystem. There is tension
in the market among those companies offering a single point solution like Nest and those attempting
to fully connect the home under one automation system.

= Efficient and connected lighting is coming, particularly in the commercial and industrial space. LEDs
are expensive, but lighting-as-a-service models could make them more attractive to customers.

= The smart grid is the prototype for the 10T precisely because its premise is connecting energy users
data to the network with smart metering. Look for two-way communication, decentralized power
generation, and a much more controllable and flexible demand side of the grid to change how energy
is distributed and consumed.

= Environmental sensorswill become increasingly widespread as they are made more compact and
function on less power. Startups with simple, elegant, and creative solutions to producing value from
that sensor data will find customers.

= -The number of connected devices will show consistent growth, as will the market for equipment that
enables sensors and connectivity. Similar to big data and the share economy, look for a deluge of 10T
startups searching for capital that are attempting to exploit this growth.
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About GigaOM Research

GigaOM Research gives you insider access to expert industry insights on emerging markets. Focused on
delivering highly relevant and timely research to the people who need it most, our analysis, reports, and
original research come from the most respected voices in the industry. Whether you’ re beginning to learn
about a new market or are an industry insider, GigaOM Research addresses the need for relevant,
illuminating insights into the industry’ s most dynamic markets.

Visit us at: pro.gigaom.com.
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