Yale University:

Energy Conservation Experiences,
Challenges and the Future
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Yale IS comr'mﬁed tera level of mvestment In
~ energy conservation and alternate energy sources
that will lead, based on current projections, to a
reduction In its greenhouse gas emissions by
10% below our 1990 levels by the year 2020. i
This Is consistent with a similar commitment by the
Connecticut State Legislature and the New

ﬁmand Governor’s and Eastenn Cana,djag__
Emiers

- Yale President Richard Levin October, 2005
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PROGRESS TO DATE "' {4/4\4@
* 7 % reduction from ‘05 Announcement - .

-

e 12+ % Reduction from ‘05 campus L 3

*3.2% Campus GSF Increase since ‘05

2005 2010 2018 2020




1. Systems Approach
= To date this has been the method Yale has utilized
= This is the “low hanging fruit” type of project: 0-3 year
payback

= Detailed list on following page regarding Completed
iojects; & effectiveness

ole Building Integrated Appreach
(Where we are heading.....)
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;-__;-__H)LA_C_: Recommissioning of 90 Buildings (all DDC type) 19,000 MT CO2e

= Building Temperature Standardization (DDC Bldgs) 9,500 MT CO2e
= Lighting Occupancy Sensors in 85+ Bldgs 5,000 MT CO2e
= High Eff. Filters in all HVAC units 2,500 MT CO2e
= Rescheduling of Lab “Occupied” hours 1,500 MT CO2e -
= Lab Rebalance & Air Change Red’n 15 to 9 (6 Bldgs) 1,000 MT CO2e
= Sensible Heat Recovery retrofits in Labs 1,500 MT CO2e
= Window Replacements Var. Bldgs 1,000 MT CO2e
- Programmable Thermostats in Smaller Bldgs 500 MT CO2e

Ventilation|(CO2 sensors& VFDs) 500 MT CO2e
ueus Co ey.Lab Bld Maintains #1 abovesss
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= Standardlzed on 28watt vs 32 watt 4’ Fluorescents

~ = Ret trofitting Old steam bldgs to Hot water as part of
renovation work

= Dorm Energy Competitions — 10% reductions from 2005
baseline yr

= All New Bldgs LEED Silver or better with emphasis on
energy use significantly below ASHRAE 90.1 Stds

nthalpy Wheels for heat recovery in new labs now
standard



Costimolicaions
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;'“-;'--I\-/Ios{—GJ—IG-reducing Investments to date
have had a positive economic return

= Most future iInvestments will incur an -
economic cost

— Green building premium: 2-10%

— Renewables more costlysthan fos&]jgg[h
' goal: less
han 1% of operating budget



Current & FLUilre Plarns

~ 1. _Continue Systems Approach as new Technologies emerge. Some.

= ‘Examples..... — "
_=—=-_.Standmg.cmumn GSHP technology
Evacuated Solar Tube Technology (Solar hot water Heating)
— Active / Passive Chilled Beams
— Thin film PV
— Daylight Harvesting Ballasts / smart controls for lighting
— Micro-Wind turbines

——

2. Installation of 2"@ Cogen. Plant at the Med School (14MW)
3. Begin Comprehensive Building Approach to energy conservation
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Sen5|5le Heat F_ieee very; ~59,000CFM
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— Main Supply & Exhaust for Building
— Lab / Research Environment

— Removal of Steam Coils / Replace with low temperature Pre-Heat -
Colils

= Energy Savings & Project Cost:
— Total Savings = $120,000 ($59k for HR & $61k in ventilation

uction)
tal Carb On

= Measured Savings

-
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LSOG Heat Recovery Performance - Heat Input vs. Recovered
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- Vlewed as the-nex{step (6] achleve S|gn|f|cant

“ Energy Savings after low hanging fruit is gone!

— Requires significant Capital commitment: 5-10 year
payback

— Involves building energy modeling; this Is an integrated
building systems approach & takes advantage of
symbiotic effects to save energy for the building as a -

-r-“

ASHRAE“Appendix G” energy

modellng practices
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__.Energy_E\_dugilon Goal: 25% helow ASHRAE 90.1

= |n depth energy analysis & development of baseline energy
model

= Major ECM’s

— Ventilation Reduction — labs & vivarium

— Sensible Heat Recovery (100k CEM already implemented)

— Lighting Retrofits (28w T8 lamps, occ sensors, etc.)

—_High Efficiency Filtration for AHU’s -

ontrol Modifications E—
InMplEecyIseCrioi e nImMected to be 5-6

= Utilized CFD modeling to redesign diffuser layout in lalbs
for more efficient airflow
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- Addressmg occupan't behawor (0] achleve

~ additional energy reductions

= Creating a Cost/Benefit Model that is “Accurate”

— Assumptions of future energy cost, Cost of Carbon, -
Discount rates, etc.

= Minimizing impact of New Buildings on the overall

us GHG footprint (How green is ~

——

eading edge vs. bleeding edge technologies



Pusﬁ the envelope as far as energy savmgs |

-pf)SSIbIII'Hes— rather than being pulled along!

— |ntroducing new technologies as alternatives or even as
base design

= “Right Sizing” systems based upon real demand
vS. the usual safety factor or past designs

— Creates a better defined energy baseline to predict
consumption and utilities requwed

=
ﬁllows systems to operate mos

eclhea

ﬁgﬁm g operatlonal COSts
[ze other design tools, like CFD pased

modeling, to provide efficient HVAC designs
especially in 100% OA applications
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— HVAC Load Calculations

= Research Laboratory
— Typical Design Assumptions —
= 10-15 w/sf (lab & equipment / support areas)
— Measured Data

= Lab & Lab Equipment / Support Space
— 3.6:w/sf average

[gR"assumptions

guipment load can account for as much as 80% ofi the cooling
load driving ACH rates too high (in 100% OA applications)

— Labs 21 “Best Practices” for Laboratory Design
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