U.S. DEPARTMENT OF ENERGY

enewable Energy for the
omeowner: How to Prepare
Renewable Energy Options

-

Michael J Brandemuehl, PhD, PE, FASHRAE
University of Colorado Boulder
michael.orandemuehl@colorado.edu

Time to shine.



Q U.S. DEPARTMENT OF ENERGY

v JLLAAIN LN \ | LAY : Time to shine.

Overview

* Residential energy use
= Role in US energy use
= End use by location, age, size, etc.
= Typical costs

*  Opportunities for energy efficiency improvements in existing homes
= Envelope
= HVAC system
= Behavior

 Renewables for homeowners

= Water Heating
= PV
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Recognizing the Opportunity

»  What percentage of CO,
emissions in the developed
world come from buildings
(materials as well as annual
operations)?

*  How much more would it cost
to build more energy efficient
buildings, say, 30% better than
today’s average?
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Recognizing the Opportunity

° Survey Of bUIldIng CO; emissions of buildings
professionals in US, Europe, Perception 1%
Japan, Brazil, India, China in Realky %

| | | | | | | |
2007 0% 5% 10% 15% 20% 25% 30% 35% 40%

* Most people don’t understand

Cost of energy-efficient buildings

Perception 17%

Reality | 5%

| | | I | |
0% 5% 10% 15% 20% 25% 30%

Source: WBCSD 2008
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Impact of Buildings in U.S.

* 41% of energy use
= Residential: 22%
= Commercial: 19%

« 12% of electricity use

* 40% of greenhouse gas
emissions

= US: 20% of global GHG with
4.6% of population
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Residential Energy Consumption

Consumption by Energy Source, 2005 Expenditures', Selected Years, 1978-2005°
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' Does not include wood, which is used for both space heating and ambiance. ®Liquefied petroleum gases.

*For years not shown, there are no data available. ®Used for both space heating and ambiance.

? Prices are not adjusted for inflation. See "Nominal Dollars” in Glossary. Source: Table 2.5.

* Distillate fuel oil and kerosene,

52 U.S. Energy Information Administration / Annual Energy Review 2009



.
%)) U.S. DEPARTMENT OF ENERGY

Y SOLAR DECATHLON

Site Energy Consumption by End-Use

Computers, 1.6%

Cooking, 3.1%
Wet Cleanlng,\

[

Electronics, 3.0%
Space Cooling,

9.7%

\ Other,

9.3%

Refrigeration, _
3.9%

Lighting, 6.2%
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Energy Consumption by Vintage

Per Household (million Btu) = Per Square Foot (thousand Btu) Per Person (million Btu)

120
New homes use less per square
100 foot, but more per household
and per person
80

60 -
40
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Energy Consumption by Region

Per Household (million Btu) = Per Square Foot (thousand Btu) Per Person (million Btu)
140

Northeast and Midwest use more
120 energy — bigger houses and
colder climate

100

80

48 8 |

Northeast Midwest South West
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Energy Expenditures

e The typical US household 2005 Household Expenditures ($2009)
spends 3% of its income on o
energy costs 60,000
¢ Natlona”y, energy 50,000 - m Other expenditures
expenditures are 8% of gross _Personaltaes
domestic product B _ —  Healthcare
P 30,000 f _11 m Transportation
I Household supplies
20,000 ™ I B —  mPublic services
o m Food
m Shelter
10,000 -h 1—[ Energy
1L
0 . T . . .
éo&rofo@ &@% 030& \$ib%\6@
&

Source: DOE 2010 Building Energy Data Book
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Residential Energy Challenge

« 22% of US energy use
 40% of US electricity use
* 115 million housing units

 60% are more than 25 years
old

* Energy is small part of any one
house
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Home Improvements

* In 2007, we spent $234 billion
on 56 million home
improvement projects

»  While you're at it, upgrade
energy efficiency and save
some money

* 1.2 million siding projects —
improve wall insulation!

* 7 million appliance/major
equipment projects —
EnergyStar!

* 4.5 million window/door
projects — low-e glass!
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Opportunities: Reduce Loads

 Seal the leaks to reduce 100%
infiltration — easy DIY project 90%
* Add ceiling insulation 80% el Gains
* Upgrade windows during 0%  Windows (solar
replacement/repair 60% ?v(zwt)
« Shade windows 50% = Infltration
40% Foundation
30% mWalls
10%
0%

Heating Cooling



Q : ) U.S. DEPARTMENT OF ENERGY

Opportunities: Efficient HVAC Systems

* Reduce heating and cooling
energy use by 15-20%
= Condensing furnace
= High SEER air conditioning

* Seal ductwork, especially in
unconditioned spaces
= Leaks typically 10-20% of airflow

= Unconditioned attics and
crawlspaces can be 20°F hotter
or colder than indoors

Comprassor

:':::i%vupomtor .

i
Coolant linas §

drain lines i ||

it
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Opportunity: Hot Water

 Second only to space heating

* Insulate tank or go tankless
= As much as 20% lost in stand-by

= Condensing gas tankless water
heater can reduce hot water
energy by over 40%

* Improve hot water efficiency of
clothes washer and
dishwasher

* Reduce hot water consumption
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Opportunities: Lighting and Appliances

» CFLs really do make a big
difference, but ...

= Better color rendering with
incandescent/halogen

= Difficult (expensive) to dim
fluorescent lighting

* Refrigerators

= Upgrade to EnergyStar® when
replacing

= Getrid of that 20-year-old
second refrigerator in the
basement. Cost effective to buy
new low-end EnergyStar®
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Opportunities: Behavior

* Use your programmable
thermostat

= Study: 80% of programmable
thermostats not programmed

 Manage your windows and
fans

= Air movement can improve
cooling comfort, but only if the
room is occupied!

= Night ventilation can often
reduce air conditioning (careful
with humidity)
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New Home Case Study

Stockton, CA

One Example of Building America
Cost Trade-offs in a Hot-Dry Climate

Standard Practice Building America Cost Impact*
Roof vents Unvented roof - $250
Uninsulated roof deck Insulated roof deck +$700
2x4 framing, 2x6 advanced framing, - $250

16-in. spacing 24-in. spacing
Clear glass Low-e, spectrally + $500
windows selective windows

4-ton air conditioner 2-ton air conditioner - $1000
Natural ventilation Controlled ventilation +$100
Total cost of upgrades - $200

“Estimated costs for production builders. Actual costs vary depending on

specific features and supplier discounts. (Negative indicates cost savings,

positive indicates additional costs.)

Source: DOE Building Technologies Program 2010

350,000

300,000 -

250,000 -

kBtu/year

100,000 -

50,000 -

0

42% Savings

200,000 -

150,000 -

Typical New Home Building America
Prototype
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Opportunity: Renewables

Phntnvnltaic Solar Resource : United States and Germanv

RUSSIA
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Opportunities: Renewables

* At some point, it is more cost
effective to make energy than
to save it

* Solar Water Heating
* Solar Photovoltaic
* Incentives often tip economics

( )
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Solar Water Heating System Types

Active Systems Passive Systems
Open Loop: * Integral Collector
= Direct Storage
* Drain Down * Thermosiphon
* Closed Loop:
= Drain Back

= Antifreeze
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Passive, Integral Collector
Storage (ICS) Direct System

integral
collector
storage

hot out

cold in

Moderate freeze protection (pipes at risk)
Minimal hard water tolerance
Very low maintenance requirements
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Passive, Thermosyphon,
Direct System

thermosyphon

collector hot out

cold in

= Auxiliary element can also be in tank above collector,
eliminating the auxiliary tank altogether.

= No freeze protection

= Minimal hard water tolerance

= Low maintenance requirements
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Active, Open-loop, Pumped

Direct System
|

collector

m_r hot out

solar
controller ' preheat tau::(
tank an

©

cold in

pump

= No freeze protection
= Minimal hard water tolerance
= High maintenance requirements
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Active, Closed-loop (antifreeze),
Indirect System

co"ectorA—_.-l — /e

heat I I I I

exchanger

}

solar
preheat
tank

aux
tank

controller '

i

cold in

Excellent freeze protection
Good hard water tolerance
High maintenance requirements
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Active, Closed-loop, Drainback,
Indirect System

collector

heat
exchanger

m_[hot out

aux
tank

solar
preheat
tank

cold in

pump pump

= Good freeze protection
= Good hard water tolerance
= High maintenance requirements
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Tempering Valve to Prevent Scalding:

Extremely Important for Safety!

— hot out

tank

auxillary

tempering
valve

tempered out —

cold in
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Low Cost Solar: Pool Heating

m\

2 New

Pump, 0o
Filter Existing
Pool
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Solar Pool Collectors/System

Inexpensive unglazed
polymer collectors

Inexpensive balance-of-
system (uses pool pump,
pool 1s storage,...)
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Unglazed Collectors
Unglazed Collectors for pool heating

= Good thermal performance
* Higher optical gain vs. glazed

= (Good economics
* Inexpensive polymer collectors (< $10/m? FOB wholesale)

« Simple balance-of-system
 Long-lived: > ~20 year lifetime
« Short payback: ~ 5 yrs vs. gas

= Robust market: > 1 million m?/year installed in U.S.
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Low Cost Solar: ICS System

—\\\_
No pump, no
controller, no  _ _ '
separate tank
1

Mains inlet ——

End use

_ Conventional DHW tank




i U.S. DEPARTMENT OF ENERGY

Unpressurized ICS

Immersed heat exchanger

GlaZing(S) .;';5:':‘55ii:f§a‘55§?ff

\ —

Insula thn Supp IY/ Retum Plp 1ng

Thin-walled polymer
vessel of water
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ICS Systems




Q i U.S. DEPARTMENT OF ENERGY

Low Cost Solar: Thermosiphon

»  Simple and inexpensive = Hotwate
*  No pump, no controller
»  World-wide experience

* Most appropriate for non-
freezing climates

Hot-water tank

Height

i s <=1Cold water

Solar
collector
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Thermosiphon

. SOLCO )
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Freeze
Probability (%)
® =9

O >0tol

O >1to10
>10to 100

Pipe Diameter = ¥ in.
Insulation = 1 in.

Salasovich, J., Burch, J., and Barker, G., “Pipe Freeze Probability for Passive-solar Water Heating Systems
in the United States”, Proc. ASES 2004, ASES, Boulder, CO.
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PV System Applications

Gr|d Applications Off-Grid Applications
Convert DC power to AC power with  « Power for DC and AC loads
inverter * Batteries to store energy

* Inverter manages protection and » Inverter and charge controller to
synchronization with grid manage energy flow

» Direct consumption by load »  Direct consumption by loads

*  Ifexcess power from PV, sell energy . |f excess power from PV, store in
to utility grid batteries

* Ifinsufficient power from PV, buy » Ifinsufficient power from PV, draw
energy from grid from batteries

* Ifinsufficient energy in batteries, use
generator or utility grid if available
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Grid-Tied Applications

Simple connection of PV to
conventional electrical distribution
system through grid-tie inverter

* Either net meter, which runs
backwards when selling, or dual
meters, which separately monitor
energy production and

: ﬁ + -
[ —

consumption S p”‘p.(—‘ é
 No backup when grid goes down mess  DC
» Very few modifications to existing o oy ?@
building electrical distribution
system

* Least expensive solution
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Grid-Tie Inverters

Rated by power output and
number of phases

Typically accept input voltage
200-400 VDC

DC-DC converter to adjust
variable PV voltage to match 240
VAC voltage

DC-AC converter to generate AC
waveform

Synchronize frequency

Prevent power flow onto grid
when grid is down

Net conversion efficiency about
97%, less at lower DC voltages
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PV Design and Sizing

Arrays designed with modules in MODULES IN SERIES
. (BUILDS VOLTAGE)
series to produce Voc =400 VDC -
= Higher voltage = less wiring losses
= Not exceed voltage limits of wires
and components (600 V in US)
« Parallel strings to achieve desired
peak power

* Sizing based on available area
and budget

« Sometimes sized to provide net
Zero energy, i.e., annually

MODULE STRINGS

produce as much energy as the LD GHRRERTS
building consumes
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- Ground Mounted PV array using Pro-solar Ground-trac system
Photovoltaic Modules yusing /

Array grounded with
Qty 36 DB rated lug on each
groSolar ES-155-RL module and #6AWG
Watts STC = 155W bare copper wire,
Vimp =240V connected to ground
Imp = 6.46 A

rod at array, and with

Voe =300V #6AWG bare copper

lee =7.52 A wire buried in trench

Maximum series fuse 15A to AC system
grounding point at
garage

Each series string q]
12 ES-155 modules in series
Vi = 288 V | # DAWG USE-2/RHW-2

P L i cables with MC connectors to
lmp = 6.46 A DC Disconnect match PV modules. Secured
Voo with 125% derate = 450 V Visible Lockable to PV racking system with UV
lsc with 156% derate = 11.73 A N Square D HU361RB resistant zip ties. Negative

Rated 13A 600VDC per pole when (grounded) conductors Existing Xcel Utility meter,
each of the three poles is used marked with white tape. on exterior north wall of
Entire array independently garage
3 parallel Strings Tci:ﬂggﬁnrat::}ind-mounl arra
Vg = 288 V g y
lmp = 19.38 A [ ] "
Ve with 125% derate = 450 V I I Ca | WI rl n
lse with 156% derate = 35.19 A y p g
Lightning arrestors
#10AWG THHNTHWN installed on DC and
Six conductors plus ground, in 1” AC input to inverter
PCVY conduit, buried 187 deep,
gﬁ};;rux 150 feet, 1% vollage SN HOAWG
THHNTHWN-2
M -“—”“D THHN/THWN-2 two conductors 30A
two conductors plus ground and e 9— Backfed 30A

plus ground, in

) sense nuetral in - — braakar in
3" EMT conduit, 24" EMT condul 200A panel
l an north wall

DC Disconnect / * ﬁgﬁlatrgge
Visible Lockable — = f meter
Square D HU3E1RB - '
Rated 13A 600VDC per pale — —
when each of the three poles is — |
used independently — FRONIUS IG Y
MEMA 3R rated, mounted on =

north wall of garage next to Grid Tie Inverter . 5.58kW Grid Tied PV System
inverter Fronius IG 5100 \ PV Utility Disconnect Grounding Electrode Y
150 — 450 V DC input Visible Lockable Conductor. #6AWG bare Addross:
Combiner Box i copper between inverter ress:
240 vac output 30A 240 VAC fused swilch
15A 600VDC touchsafe fuse H . round buss and groundin:
: 5.1kW maximum continuous output power NEMA 3R rated gro 9 9
per each of three strings : . point in AC service entrance
Integrated DC and AC disconnects and Mounted next to existing ; '
NEMA 3R rated, mounted on ; o . All equipment also has
north wall of garage next lo ground fault detection utility meter and service . d h E01
inverter NEMA 3R rated disconnect on north wall of equipment grounds, not shown
Mounted on north wall of garage garage Date: 03/19/08
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Tip: Wide Orientation Range is OK

Collector Orientation Factor
Solar Water Heating

(Lat=40°)
90
r/ i i \'\
90%-100% / ///’ "'\\\ AN 75
080%-90% / v NN &
/ N -

70%-80% / o) \ 45 Tilt
0 60%-70% ( \ / \ 30
@50%-60% = = 15

0

o O O o o
™ o O O

Azimuth

o
@
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Summary

Existing homes represent
single biggest opportunity for
US energy savings

Homeowner is decision-maker

Low hanging fruit with energy
efficiency retrofits, especially
during home improvement

Renewables are available and
often cost effective, especially
with incentives

( )
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