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US Energy Consumption by Energy Sourc

U.S. Energy Consumption by Energy Source, 2009

Total = 94.578 Quadrillion Btu Total = 7.744 Quadrillion Btu

—Solar 1%

— Geothermal 5%
~ —Biomass waste 6%

\Wind 9%

Petroleum
37%

Biofuels 20%
Renewable
Energy Wood 24%
8%
Nuclear
Electric Power Hydropower 35%

9%

Note: Sum of components may not equal 100% due to independent rounding.
Source: U.S. Energy Information Administration, Annual Energy Review 2009, Table 1.3, Primary Energy Consumption by

Energy Source, 1949-2009 (August 2010).



Figure 2.5 Household Energy Consumption and Expenditures

Consumption by Energy Source, 2005 Expenditures’, Selected Years, 1978-20052
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Practice Energy Conservation Firs

Before conservation measures After 30% reduction in demand

Grid share 3 kW PV system share Grid share 3 kW PV system share

32%
46%




Solar Energy PotentiglCambridge, MA

Solar Insolation in Cambridge, M/
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Photovoltaic Systems

A System overview v 4

A System components
A Grid-tied system & installam voltaic : electricity

options
A Integrating PV with rental units p Q

A Installed systems V
Anergy production
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The sui® energy Is converted to usable
electricity for our homes
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Parts of the PV Generation System

PV modules
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Grid -Tied PV Systems

A Grid-Tied PV systems: solar electric systems that are
Interconnected to the electric utility

A Net metering: the net production/consumption of
electricity is metered by the utility. Excess electricity
fed to the grid is usually credited to the metered
account at retall prices.

A If the grid goes down, the PV system shuts down

A Battery backup systems are an option, but will not be
covered here



Array Locations and Mounting Methods

I Rooftop, pole or ground mounted arre
I Fixed vs tracking




Rooftop Options

A Flush mounted; array installed parallel to roof
plane

A Tilt mountedc modules tilted to increase overall
PV system production

A Fastened vs ballasted racking systems
I Fastened systems require many roof penetrations

| Ballasted systems place more dead loads on roofing
structuresc they are heavy, but no roof penetrations,
Installed on large commercial flat roofs
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Inverter Options

A Central Inverter: PV array output circuits meet at a single (or
multiple) inverter(s) to convert the DC current to AC current
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Central vs Micro

Pros: Pros:
A Better suited for larger systems A Module level MPPTracking
A One point of maintenance A Better array production values when

partial shading occurs
A Allows for multiple azimuth and/or tilt

arrays
Cons: Cons:
A Partialshading can have a dramatic A Maintenance on larger and/atifficult-
affect on array productionalues to-access arrays

A Do not allow moduledirect monitoring
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PV Systems for Multinit Buildings

1 Array 2 Inverters, 2 Meters
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1 Array (20 modules) 20

Inverters, 5 meters
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Example SolrenView Monitoring System

‘Solar

System Info
Location

Monitoring Started Fri Aug 21, 2009

Installer
construction inc.

Inverter Models Inverter WAC Qty. Total Capacity (WAC)

Solectria PV1 2500 2500 1 2500
Solar Modules Module WDC Qty. Total Capacity (WDC)
Sanyo 200 200 12 2400

W AC Power- Past 7 days- Inverter-Direct

2500 W

1250 W m m
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T w T F s

M
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[Refresh in 14:59]

System Status Now [Sat Mar 19, 2011 8:31 am EDT]

Online [ last update: Sat Mar 19, 2011 8:26 am EDT ]

System Status, | Inverter-Direct :
Energy generated today:
Lifetime energy generated:

Lifetime COz emission offset:

System AC power now:

0 kWh
4185 kWh
5231 |bs

38 W

View Inverter-Direct




Solar Thermal Systems

A System overview
A System components
A Integrating Solar Thermal with rental units

A Installed systemss
A Photos
A Energy production



Solar Thermal Domestic Hot Water

A Roof or ground mounted collectors warm up a heat transfe
fluid (HTF) that warms up a solar water storage tank. The
HTF is separated by heat exchangers from the potable wat
In the tank. Water from the street is diverted through the
pre-heat tank then into the regular domestic heater.

A The generic system makes roughly 95+% of the summer
load and 35% of the winter load. Plus it provides some
backup hot water, more storage, is small, simple, reliable,
and inexpensive.

A Rough costs after incentives $5,000 to $8,000.

A Collectors take up betweedd86and 1@x 1050f roof
space.

A Flat panel or evacuated tube collectors? This is an esoterit
argument. Both work fine. Your solar guy will
undoubtedly have an opinienet him make the case.



Solar Thermal Domestic Hot Waterctd

A Drainback or closed loop? Drainback systems essentially turn off and
drain the collectors unless there is sun energy to harvest and somewhe
to put it in the house. Great for oversized solar heating systems. More
pump energy at statp, hard to pipe, must use flat plates, might take
more space in the mechanical area.

A Closed loop systems are always filled with pressurized fluid. Pump
efficient, compact, easier to pipe, must be able to handle a condition
where the collectors stagnate, must use for evacuated tubes.

A Whatever you do make sure the design is warrantied not to blow up if i
gets too hot, and that yearly maintenance is not required. Realistically
system should be able to handle power failures, vacations, neglect, etc
and run for a design life of 25 years.

A Avoid systems where the solar loop and primary heater both have coils
In a single tank. This harvests much less energy in our climate area.
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Thermal Diagram



