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Why Pursue Labs?

» Energy use is high per square-foot
» Significant area dedicated to laboratories

» Labs have high energy use because:
» Occupant safety is the #1 priority.
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» High makeup air rates

» 24/7 operation

» New technologies are now available

» Low hanging fruit has been picked
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0006 William Stewart

University ofe-

0014 lames Talmage

Better Buildings Challenge 0017 performing s
Phase | Projects

0025 Social and Behavorial Sciences
0026 College of Social Work
0027 5BS Lecture Hall

0028 Marriott Center for Dance
0066 Pioneer Memorial Theater
0072 Quinney Law Library

0073 Quinney College of Law
0082 Skages Biology

0084 Biclogy Building

0085 Eyring Chemistry

**BBC Phase 1

F*FWhole Campus (2010)
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Example Lab Bull
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LARGE UNIVERSITY CAMPUS

» Completed in 2006 » Campus chilled water
» 55,000 ft?  10°F AT during day
» Mixed Use: * 5°F AT during night
e Labs (Process likely 5°FAT, space
« Classrooms cooling is likely 10-15°FAT)
. Offices » Campus steam
» Variable Air Volume (VAV)  HPS converted to LPS for AHUs

« Lab air handling « HPS converted to HW for reheat

* Non-lab air handling

et EUI = 345 kBtu / ft2
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Example Lab Building

Modeled Energy Flow Diagram

LAB FANS

2,155 MMBtu
NON-LAB FANS
1,080 MMBtu

LIGHTS
1,016 MMBtu

OTHER ELECTRIC
806 MMBtu

Total
Building
Energy

18,918 MMBiu NON-LAB STEAM

886 MMBtu

PROCESS STEAM
836 MMBtu

CHILLED WATER
4,588 MMBtu

NON-LAB CHILLED WATER
1,315 MMBtu

PROCESS CHILLED WATER
219 MMBtu

2013
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Example Research Campus

» Extrapolate data to research intensive campus

Btu/hr/$
co Peak (Btu/hr) Saved per Dollar Spent
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Anatomy of Lab
Efficiency Retrofit




Lab Energy Systems

What's In a Lab?

E Exhaust stack
» Exhaust driven airflow

Supply Fan
» Fume hoods
Exhaust fan : :
0 «- Outside air
» Exhaust systems F:p:
e |Individual

« Manifold
» Makeup air systems
» Internal loads

Damper

\ Exhaust Exhaust
hood

0 hood -

—-J
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Lab Energy Systems

What Do We See?

» Constant Air Volume (CAV) or Variable Air Volume (VAV)
» High air change rates (Typical rates of 6-12 ACH)

Minimum Air Change Rate (ACH)
0 2 B 6 8 10 12 14 16
: ' ' PotentialEtticiency Opportunty : :
Low Med High

‘ ASHR AE lab design guide .
' | OSHAZ9CFR | '
[ 4 : : ®

@ NFPA4S min unoccupied |

» High internal loads (ie intense cooling loads)
» High reheat (simultaneous heating & cooling)
» Occupant control is lacking
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Common Lab Retrofits

Five Step Evaluation Process

1. Screening based on Building
Characterization
» Building usage
» Building systems
» Building energy

2. Prioritize Investigations

3. Confirmation

4. Define execution strategy
» Retro commissioning
» Renovation

5. Select & Go AVIS Preferred | Select & Go
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Common Lab Retrofits

F

Lab Energy Model Characteristics

il

» Hourly Analysis throughout the year (8760 hours) :]Eﬂ 8e

» Room by Room A~ e

» Feeds into Design >

» Flexible (multiple uses)
» Screening Model Buiing 61607 P
* Detailed Analysis
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Laboratory Energy Efficiency

Investment Steps

e Baseline Lab HVAC Energy
e Rebalance building for flow reduction.

Convert supply and general exhaust to VAV with constant LBT ACH minimums

Use room occupancy sensors to allow lower unoccupied ACH minimums (per LBT)

0 Set back space temperature set points (per occupied schedule)

@ Convert fume hoods to VAV to vary airflow based on sash height

o Use dynamic dilution-ventilation control to reduce occ/unocc ACH minimums to 4/2 ACH
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ASICASE 1
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ASI CASE 2
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ASI CASE 3 REHEQT
B PREHEAT

CHILLED WATER

“W‘M“ MMI“M m T Y MI ]‘Iﬂlmmmmu Y

BURNS\\MSDONNELL,. @h’%’%ﬁ”&”@%ﬁ 17
ASSOCIATION



ASI CASE 4 REHEAT
M PREHEAT

CHILLED WATER
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ASI CASE 5 REHEQT
B PREHEAT

CHILLED WATER
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ASI CASE 6 REHEQT
B PREHEAT

CHILLED WATER
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ASI CASE 7 REHEAT
B PREHEAT

CHILLED WATER
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Before and After

Actual Lab Building Modeled Results

Peak Heating (MMBtu/hr) Peak Cooling (Ton)“ “Peak Heating (MMBtu/hr) Peak Cooling(Ton)“

Hourly Lab
HVAC Energy

BASELINE

e L

REHEAT = PREHEAT CHILLED WATER

BURNS\\MSDONNELL,.

Facility Sq Ft

49% % Peak Load Reduction % Peak Load Reduction 20%

Hourly Lab
HVAC Energy

POST-RETROFIT
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Lab Retrofit Challenges




Lab Retrofit Challenges

» Life Safety / Industrial Hygiene

» Capturing Room Specific Requirements

* Functional
» Operational

* Usage
» Analyzing value proposition
» Translation to usable utility system impacts

» Execution of the work

» System shutdowns

 Lab moves
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Use In the
Utility Master Planning
(UMP) Process




Purpose of a UMP

» Define the optimal investment to meet long term needs

 Historically, interdependence between energy demand and supply was missing

?

« Production and Demand models were not integrated

» What can an integrated model provide?

« Balance peak load reduction with new % Reduction of Energy Intensity®
. .. (2008 as base year)
capacity additions

. - 2020
* Increase investment efficiency Target
20% .
» Reduce or eliminate the need to dispatch 1.1% gt
high marginal cost equipment P R
« Reduce overall campus energy intensity'®* ./-/.
0%
2009 2010 20m 2020
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Millions

Purdue University:&

Master planning should include
all energy systems across the

entire camp

us

$35
$30.1
S30 $28.1
$25
$20 17.4
$16.0 > 1.
$15 $117 2.
$10 3.
. 4.
5
S.
s- - - -
Option1 Option 2 Option 3 Option4 Option 5
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Net Present Value

» Options Analyzed

Thermal Energy Storage (TES)
TES & CHP

Demand Side Management (DSM)
DSM & TES

DSM, TES & CHP
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Integrated Plan — Capital
Projects Planning

Buildings | Distribution | Production

Actual/
Estimated
Construction
Cost

Project

Central Plant & Utilities Master Plan n'a

Rec Building Retro-Commissioning n'a

Campus CHW Upgrades - Buildings SI.DM
Central Utility Plant Upgrades $9.0M
Building Retrofits Phase 4A 52.0M
Building Retrofits Phase 4B 52.0M
Building Retrofits Phase 4C $2.0M
Building Retrofits Phase 4D 52.0M

. INTERMATIOMNAL
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Integrated Plan — Campus

Wide View

Buildings | Distribution | Production

$175MM NPV Savings

2020 Goal - 40% reduction in
Heating & Cooling Costs
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Business Development

P 816.349.6660
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BLAKE ELLIS

OnSite Energy & Power Manager
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Assignment #2 - Detailed Review of Two Facilities
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Reclaimed Energy: Winning Strategies to Unlock Campus Energy Efficiency



Assignment #2 - Detailed Review of Two Facilities
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Assignment #2 - Detailed Review of Two Facilities

Artificial Chilled Water Load (6/2/2011)
Bldgs 533 AHUs
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m Bldg 533 AHU 1 artificial tons cooling (assumed) ® Avg Hourly OA temp
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m Bldg 533 AHU 3 artificial tons cooling (assumed) = Bldg 533 AHU 2 artificial tons cooling (measured)
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