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Why Heat Recovery Is Possible

» We heat & cool buildings at the same time
» Cooling is just the collection of unwanted heat

Could recover 65% of the heat now discharged from the cooling system

to meet 80% of campus heating demands.
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Why Heat Recovery is Possible
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Why Heat Recovery is Possible

Energy can neither be created nor destroyed, but only changed from one
form to another.

- First law of thermodynamics

« Why burn fossil fuel for heating if low grades/hermal €nergy is readily
available from existing cooling processes?

» Best application for new campus_.heat recovery system:
« Mild climate with good heating and cooling overlap

« Existing central heating &¢eo0oling system
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 Setting Supply Temperature

« Winter Test for Existing Building
« Vendor Interface

« Analysis of COP vs Supply Temp
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Heat Recovery System Selection
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Plant Arrangement / Operation

= 12,000 tons conventional chillers and cooling towers
= 7,500 tons and 120,000 MBH heat recovery chillers

= 180,000 MBH hot water generators

= 10,000,000 gallons chilled TES (90,000 ton-hours)

= 2,000,000 gallons hot TES (600,000 MBTU)
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Plant Arrangement / Operation

Stanford University
Heat Recovery Potential (2015)

6000

4000

i

2000 -

ikl A

Cooling

mmbtu
=

Heating

.I.IIII..l:J.l

-2000 I

w000 ] . “1

R i

11/12/2015 ASHRAE Golden Gate Chapter

24



Stanford Energy Systems Innovations - Stanford University

A — I Affiliated
== I Engineers

Hant erangement ’ 5perat|on

8000

Hot Water & Chilled Water Production Source

6000

4000

bl

2000

mmbtu
o

-2000

-4000

f; s
M lli Wil .';'u:'iliilﬁl

-6000

S S ) S S © S S
Q> > > > (N4 > N\ >
o 5 a5 & A5 5 & o
N @’5\ \QQ N ?9% (—)Q’Q o SN

hw from storage
htr 2
htr 1
bir 3
Hbir 2
Hpir1
hrc 5 hw
hrc 4 hw
hrc 3 hw
B hrc 2 hw
B hrc 1 hw
cw from storage
schl 5
schl 3
schl 2
W schl 1
chl 14
chl 13
W chl 12
= chl 11
chl 10
chl 9
chl 8
B chl 7
= chl 6
hrc5 cw
hrc 4 cw
hrc 3 cw
= hrc2 cw

B hrclocw

11/12/2015

ASHRAE Golden Gate Chapter

25



Stanford Energy Systems Innovations - Stanford University

ant Arrangement

Fy r \
b ]
I \

laiw i3 pade A

L A
e

Ea A

L

AN
I

L L Sl | LT
o b |

Iil:ll J"!";l n
FRRIE

=

L A

: -
3

il
Rty ;I
AW IRAF,
" ATt

11 LY

T||.I|||.'-A I:J.JJ-'k

T
1D, oy

Jyor

Saturday,

- ;lli:'.?l_l" 7 DUMINAE ; "“.iiiu'EFIIII]:_-" i,
g LIATNaN £ 1 \ ¥ MR s
~ - “ o - 5 4
o) -
Tuesday, ‘Wednesday, Thursday, Friday,
September 01, September 02, September 03, September 04,

I unmet hw demand

September 05,

E==== hw from storage

e hrc 2 hw

peration

CEP
Dispatch

-

L] [}
B R RRRARRRERNE

LT | e
I TEREREa ¢
r—

" b« IENREENN |

NI |

% N oA -

- -

Sunday, Meonday, Tuesday,
September 06, September 07, September 08,
C——chis I hrc1ow

C—htr2

I hrc 1 hw

C—Jhtrl

IS unmet ow demand

e chl 7

——total on demand

T hrc3hw

I v from storage

I chl 6

—total hw demand

C—hrc3ow

11/12/2015

C—chlg

[ hrc 2 ow

ASHRAE Golden Gate Chapter

== e 0 storage balnce

= == hwstorage balance

i | (1 Pl TN
e s 0|

B R

B ey -0
IIPISEELEE |

il ilL]] | L
TN NS

s

Wednesday,
September 09,

A=l

i
& i
..ur:,tr: ‘
i
wad i .'=
gl

1° e g g, 8

| PR

i 5=
W g

“'h\_;

Thursday,
September 10,

Affiliated
Engineers



Stanford Energy Systems Innovations - Stanford University A =I Affiliated
|

Engineers
Plant Arrangement / Operation
130°-170°F
Campus
Hot Water Excess o)
Generator
Cooling
Towers
OSHPD
Chillers
Excess
50°-42°F
=
N~ 58°-38°F Cooling
Heat .
M7 eraction  Heat Recovery & GSHE “Extraction” Mode w/ HWG Boost
GSHE Low Cooling / High Heating

11/12/2015 ASHRAE Golden Gate Chapter 27



Stanford Energy Systems Innovations - Stanford University A =I éffiliated
== | Engineers

P|ant Arrangement ’ Operation

130°-160°F

Campus
Heating

Hot Water Excess %)
Generator
Cooling
Towers
OSHPD
Chillers
Excess
50°-42°F
Campus
o~
N~ 58°-38°F
Heat .
M1 extraction Heat Recovery & GSHE “Extraction” Mode
GSHE Low Cooling / Moderate Heating

11/12/2015 ASHRAE Golden Gate Chapter 28



Stanford Energy Systems Innovations - Stanford University A =I éffiliated
== | Engineers

P|ant Arrangement ’ Operation
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Plant Arrangement / Operation
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Plant Arrangement / Operation
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Decoupling Generation and Load

Thermal Battery System
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Campus Conversion
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Campus Conversion
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Campus Conversion
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Campus Conversion
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12.47kV Bus 1 12.47kV Bus 4  12.47kV Bus 5

Campus 12 kV & Central Campus 12 kV & Campus 12 kV &
Campus 4 kV Plant Campus 4 kV Campus 4 kV
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New Electrical Substation

12 kV Switchgear
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New Electrical Substation
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Replacement Central Energy Facility: February, 2013
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Replacement Central Energy Facility: October, 2013
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Replacement Central Energy Facility: November, 2013
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Replacement Central Energy Facility: April, 2014
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Replacement Central Energy Facility: July, 2014
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Replacement Central Energy Facility: Exterior Rendering
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Replacement Central Energy Facility
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Replacement Central Energy Facility
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* Natural Ventilation
* Radiant H&C in Slabs
illed Sails

& Phase Change Materials
Space2 78°F \'@ Circulating Fans

Roof Supply Fan TS @  Daylighting , LEDs

Fan-Coil Unit

In 3 Locations Only

Radiant Floor Controlled by BMS System

Natural Ventilation Ceiling Fan
Openable Windows
Space < 68°F
» PV Systems Integral to

Architecture
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Results

= Campus will reduce its carbon emissions,
ultimately 50% below 1990 levels by 2050 .

" The new energy system is 70% more efficient
than the existing combined heat and power

process provided by the current cogeneration
plant.

= Potable watenuse’is reduced by 18%.
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Results: Closing Comments

= Many climates are applicable, not just CA.

= Heating and cooling overlap doesn’t neetto be instantaneous
= TES decouples the load from the production

= Lower HWS temperature improves efficiency

= Delta Tis important for TES, pipe, and pump capacity

= Regional HX’s arescritical to conversion logistics

= Cooling is just the collection of unwanted heat

= Equipment dispatch is based on load prediction
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Substation
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