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| . ,; RSF uses 50% less energy than if it !
- were built to current commercial
. codes at no extra capital cost

* RSF increases space at NREL by
60% but only increases energy use
by 6%

NREL/17833



Trends of Commercial Sector

 Growth is faster than energy efficiency
measures

NATIONAL RENEWABLE ENERGY LABORATORY 4
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Trends of Commercial Sector

 Growth is faster than energy efficiency
measures

* Every decision has an energy and
environmental impact

* Buildings mortgage the energy futures of
the world




Many Pieces

* S0 many ways to
assemble the pieces

e Design is about making
decisions — need
motivation to make the
right decisions

e Who are the decision
makers?

Used by permission: Paul Torcellini/NREL
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Great Potential in Commercial Buildings

Site EUI
kBtu/ft2yr
(MJfmyr)

100.0 ==
1135

What we've proven we can do
Low Energy Buildings

Edllﬂ'-

"“"a._

“TTF 29 (324)

Zion 27 {307)

Clockwise from top: NREL/09202, 10884, 10140, 09249, 12637, 11097 -'ilg :.a
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¥ (

Where we are today

90 (1020) Existing commercial buildings)

(2003 CBECS)

Where we would be if all buildings
were built to current code

70.7 (803) New buildings base scenario )

{Standard 90.1-2004)

Where we could be with current technologies

¢

40.3 (458) Max Tech energy efficient scenario)

7

{Griffith et al. 2007)

Add renewables and we’re almost to net-zero

12.2 (139) Max Tech energy efficient scenario w/PV)




Vision
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Setting Goals

 Measurable goals are better

* From bad to good...
— | want a green building
— Design a LEED <rating> building

— Design a building to use 30% less energy than
ASHRAE 90.1-2013

— Design a building to use less than 25,000 BTU/sqft
— Design a [NET] ZERO ENERGY BUILDING

* Influencing purchasing decision—the owner

NATIONAL RENEWABLE ENERGY LABORATORY



What are Zero Energy Buildings?

*Conceptually, a building that has no adverse
energy [or environmental] impact [because of
its operation]

Boundaries
Metrics

*Measuring selective flows




Zero Energy Building (ZEB) Definition

An energy-efficient building, where on a
source energy basis, the actual annual

delivered energy is less than or equal to
the on-site renewable exported energy.

CONSUMPTION

PRODUCTION
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Value Added

[11

100%

Energy Savings
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Problem Definition: RFP Objectives

MISSION CRITICAL

Attain safe work performance/Safe Design Practices

LEED Platinum

Y |F POSSIBLE

Energy Star “Plus
Zero energy

HIGHLY DESIRABLE Most energy efficient building in the
800 staff Capacity world
25kBTU/sf/year LEED Platinum Plus
Architectural integrity ASHRAE 90.1 + 50%
Honor future staff needs Visual displays of current energy efficiency
Measurable ASHRAE 90.1 Support public tours
Support culture and amenities Achieve national and global recognition and
Expandable building awards
Ergonomics Support personnel turnover

Flexible workspace

Support future technologies

Documentation to produce a “How to” manual
“PR” campaign implemented in real-time
Allow secure collaboration with outsiders
Building information modeling

Substantial Completion by 2010

NATIONAL RENEWABLE ENERGY LABORATORY



The Process

 Owner made tough decisions up-front

e Set budget
 Sought maximum value for that budget
* Prioritized goals

* Design-Build procurement process
e Managed the team to the RFP and its
substantiation criteria
* Rewards

 Allowed design-build team to use creativity to
maximize value--innovation

 Owner did not solve the problem (but knew
the solution existed)

NATIONAL RENEWABLE ENERGY LABORATORY



Guidance for Unknowns

 Benchmarked current plug
loads and data center load

NREL/15884

— Provided peak uses and occupancy schedule by
plug load type
e Laptops, monitors, copiers, kitchen equipment, task
lights, etc.
e 65 Watts/occupant 24/7 for datacenter

— Allowed design-build team to make
recommendations on plug load reductions.

NATIONAL RENEWABLE ENERGY LABORATORY
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Owner Role

 Spend the time to get RFP right
* Design/build team will study to pass the test

* Set up acquisition process to “force”

integrated design
* Energy modeling guides conceptual design
decisions

e Architecture and envelope
are also efficiency measures

NREL/17833  Flag Ry e vsde M TRRAINE
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COMMERCIAL BUILDING CONSTRUCTION COST
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Measured Versus Modeled Monthly and Cumulative EUI
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*800 people
220,000 ft?

25 kBtu/ft?

*50% energy savings
*$259/ft?

*LEED Platinum
*Replicable

* process
* technologies
e cost

*Site, source, carbon, cost ZEB
*Includes plugs loads and datacenter

*Design/Build Process with required
energy goals

NATIONAL RENEWABLE ENERGY LABORATORY



PV System
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4 i )
Glazing Light reflected up

toward ceiling
Sunlight enters

Light Louver

A light redirecting
device reflects

sunlight to the b .
ceiling, creating an

indirect lighting

effect.

Fixed sunshades W= %
limit excess light and \ ]%\»&s ¢

glare. — 2

NREL/17900

Credit: RNL
NATIONAL RENEWABLE ENERGY LABORATORY
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Annual Occupied Hours

* Nights, weekends, and holidays account for 66% of the year

* A typical office building is unoccupied during this time

e During a typical work day, building occupants are only at their
desk less than 30% of the time

* Workstations are vacant and should be powered down during more than 70% of business hours

* Workstations should only be powered 7% of the year!

Unoccupied workstations
during the day

100

90

80

70

@At work, and away

60 from desk

50 @At work, and at

desk
40

Occupancy (%)

30

20

10

0 T T T T T
Referengps: 3 6 9 12 15 18 21

http://www.gsa.gov/graphics/pbs/WorkPlace Matters FINAL508 lowres.pdf .
Time of Day

Credit: Chad Lobato/NREL
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RSF Energy Modeling

NREL RSF Energy Use Breakdown

Data Center
Cooling
0%

Data Center Fans
1%

Space Heating
24%

Credit: Stantec

Data Center
35%

Space Cooling
3%

Pumps

1%
Ventilation Fans
5%

Domestic Hot
Water
3%

Exterior Lights
0%

Task Lights/

0%

Office Plug Loads Ligohts
22% 6%

Credit: Chad Lobato/NREL
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End Use

Space Heating
Space Cooling
Pumps

Ventilation Fans
Domestic Hot Water
Exterior Lights
Lights

Office Plug Loads
Task Lights

Data Center

Data Center Cooling
Data Center Fans

kBtu/ft2
8.58
0.85
0.48
1.88
0.90
0.12
2.07
7.87
0.10
12.11
0.02
0.20



Cyber-Security Policy

e Evaluate policies and operations
to ensure effectiveness

100.0
90.0
80.0
70.0

3 60.0
]
2 50.0
e
40.0
30.0
20.0

10.0

NREL used a screensaver to
lock unused computers

* The screensaver consumes
on average 5W more than
an idle computer

Instead of a screensaver, if the
monitors and computers went
into standby there would be a
savings of 70W per person

~$500,000 of PV saved
Anything multiplied by 800 is a
lot!

NATIONAL RENEWABLE ENERGY LABORATORY

Computer Power Consumption

0.0
11:25

12:10 12:25 12:40

Time

11:40 11:55
== \lonitor and Computer Screensaver On (W)

= Monitor Standby (W)
—Monitor and Computer Standby (W)



October 2010 — May 2011 Plug Load Power Density

0.65

0.60

0.55

0.50

Power Density (W/ft2)
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Credit: Marjorie Schott/NREL

===-Model Average

October 2010
November 2010

December 2010
January 2011

February 2011
March 2011

e April 2011
May 2011

Note: The elevators are included in the plug loads

0

2 4 6 8

Credit: Chad Lobato/NREL

10 12 14 16 18 20 22 24
Time of Day
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Moving to the Mainstream...

e Assistance available to implement process

* Works for any owner willing to set goals early
and prioritize needs

* Fix the budget upfront

 Competitively procure for meeting prioritized
needs




* Need to unleash the creativity of design and
construction professionals

* Incentivize the process, not the products

 We can create zero energy buildings today at
little or no incremental cost

NATIONAL RENEWABLE ENERGY LABORATORY
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