
Colin Moyer PE November 12 2015Colin Moyer, PE November 12, 2015

Stanford Energy Systems Innovations - Stanford University

11/12/2015 ASHRAE Golden Gate Chapter 1

Prop
rie

tar
y



Agenda

Background
Why Heat Recovery is PossibleWhy Heat Recovery is Possible
Heat Recovery System Selection
Plant Arrangement / Operation
Campus Conversionp
New Electrical Substation
Replacement Central Energy FacilityReplacement Central Energy Facility
Administrative Wing
Results

2

Stanford Energy Systems Innovations - Stanford University

11/12/2015 ASHRAE Golden Gate Chapter 2

Prop
rie

tar
y



Background

• 1987 Cogen plant nearing end of life

• Growing campus

• Economic efficiency and stability

• Environmental stewardship

innovatio
n
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Background

l

Small Electricity

Campus Utility Services
Cogeneration Plant is 90% of the Greenhouse Gas

Vehicle Fleet
Small Electricity 

Accounts
Small Gas Accounts

Cogen Plant
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Why Heat Recovery is Possible

Waste Heat Was Discarded from Cogeneration Plant
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Why Heat Recovery is Possible

W h t & l b ildi t th ti

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

We heat & cool buildings at the same time
Cooling is just the collection of unwanted heat
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Heat Recovery Potential at Central Energy Facility
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Heat Recovery Potential at Central Energy Facility
Sample Date 7/23/2008

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 grade thermal energy is readily 
available from existing cooling processes?

• Best application for new campus heat recovery system:

Mild li t ith d h ti d li l• Mild climate with good heating and cooling overlap

• Existing central heating & cooling system
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Why Heat Recovery is Possible
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Why Heat Recovery is Possible
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Why Heat Recovery is Possible
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Heat Recovery System Selection 

• Setting Supply Temperature 

• Winter Test for Existing Building

• Vendor Interface 

• Analysis of COP vs  Supply Temp 
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Heat Recovery System Selection 

• Winter Test for existing bldgWinter Test for existing bldg

• Vendor interface 

• Analysis of COP vs Temp 

• Setting HWS temperature 
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Heat Recovery System Selection

Season OAT 
(F)

Hours
per  Year

HWS 
Temp
(F)(F)

Winter 39 – 0 254 170

49 – 40 1625Optimize 
HRC for 

59 - 50 3388

69 – 60 2231

Summer 70 and 1270 150

160 °F 

170°F above170°F

150°F

SUMMERSHOULDERWINTER
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Heat Recovery System Selection
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Heat Recovery System Selection

TES can 
keep 
operation in 
this range 
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Plant Arrangement / Operation
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Plant Arrangement / Operation
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Plant Arrangement / Operation
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Plant Arrangement / Operation
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Plant Arrangement / Operation
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Plant Arrangement / Operation
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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 generators180,000 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
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Plant Arrangement / Operation
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Plant Arrangement / Operation
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Plant Arrangement / Operation

Campus 
Heating

130° – 170° F

170° F170° F170° F200° F

Hot Water
Generator

Excess

7

∞
77

HOT
TESBase

Cooling
Towers

DualDual
COLD

TESBase 
Load
HRC

Dual
Duty
HRC

Dual
Duty
HRC

TES
OSHPD
Chillers

Excess

58° - 38° F

Campus 
Cooling

50° - 42° F

Heat Recovery & GSHE “Extraction” Mode w/ HWG Boost
Low Cooling / High HeatingGSHE

58 38 F

Heat 
Extraction
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Plant Arrangement / Operation

Campus 
Heating

130° – 160° F

160° F160° F160° F

Hot Water
Generator

Excess ∞

HOT
TES

COLD
TESBase

Cooling
Towers

DualDual TESBase 
Load
HRC

OSHPD
Chillers

Dual
Duty
HRC

Dual
Duty
HRC

Excess

58° - 38° F

Campus 
Cooling

50° - 42° F

GSHE

58 38 F

Heat 
Extraction Heat Recovery & GSHE “Extraction” Mode

Low Cooling / Moderate Heating
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Plant Arrangement / Operation

Campus 
Heating

130° – 150° F

150° F150° F150° F

Hot Water
Generator

Excess

5

∞
55

HOT
TESBase

Cooling
Towers

DualDual
COLD

TESBase 
Load
HRC

OSHPD
Chillers

Dual
Duty
HRC

Dual
Duty
HRC

TES

Campus 
Cooling

Excess
50° - 42° F

GSHE

Heat Recovery Mode
Balanced Heating and Cooling
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Plant Arrangement / Operation

Campus 
Heating

130° – 150° F

150° F

Hot Water
Generator

Excess

5

∞

HOT
TESBase

Cooling
Towers

DualDual
COLD

TESBase 
Load
HRC

OSHPD
Chillers

65° – 85° F

Dual
Duty
HRC

Dual
Duty
HRC

TES

Campus 
Cooling

Excess
52° - 42° F

65 85 F

Heat 
Rejection

GSHE

Heat Recovery & GSHE “Rejection” Mode
Moderate Cooling / Small Heating
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Plant Arrangement / Operation

Campus 
Heating

130° – 150° F

150° F

Hot Water
Generator

Excess

5

∞
65° – 85° F

HOT
TESBase

Cooling
Towers

DualDual
COLD

TESBase 
Load
HRC

OSHPD
Chillers

Dual
Duty
HRC

Dual
Duty
HRC

TES

65° – 85° F

Campus 
Cooling

Excess
56° - 42° F

65 85 F

Heat 
Rejection

Heat Recovery & GSHE “Rejection” Mode w/ Chiller Boost: Final 
Large Cooling / Small HeatingGSHE
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Plant Arrangement / Operation

Heat
Rejection

Campus 
Heating

130° – 150° F

150° F

Hot Water
Generator

Excess

5

∞
80 ° - 92 ° F

HOT
TESBase

Cooling
Towers

DualDual Base 
Load
HRC

Dual
Duty
HRC

Dual
Duty
HRC

OSHPD
Chillers

Campus 
Cooling

Excess
56° - 42° F

GSHE

Heat Recovery & GSHE “Rejection” Mode w/ Chiller Boost: Near Term 
Large Cooling / Small Heating
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Plant Arrangement / Operation

• Decoupling Generation and Load 

• Thermal Battery System 

Stanford Energy Systems Innovations - Stanford University

11/12/2015 ASHRAE Golden Gate Chapter 33

Prop
rie

tar
y



Campus Conversion
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Campus Conversion

E I IEXISTING
CEF & 

SUBSTATION

NEW
SITE
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Campus Conversion

Four temporary regional 
steam to hot water HX skidssteam to hot water HX skids
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Campus Conversion

• Shallow Bury

• Self-Restrained 

• Direct Bury ValvesDirect Bury Valves 

• Eliminated Vaults

• Chemical Free WT 
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Campus Conversion

Why Heat Exchangers?
Isolation of buildings
High value buildings g g
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New Electrical Substation

PG&E
(Jefferson)

PG&E
(Cooley Landing)

60 kV Main Bus

SF6 SF6 SF6 SF6 SF6 SF6 SF6 SF6 SF6

60 kV Main Bus

Transformer TransformerTransformer Transformer Transformer

60 kV Transfer Bus 60 kV Transfer Bus

Transformer
20/26/33 MVA

Transformer
20/26/33 MVA

Transformer
20/26/33 MVA

Transformer
20/26/33 MVA

Transformer
20/26/33 MVA

C 12 kV &

12.47kV Bus 1

CentralC t l Campus 12 kV & Campus 12 kV &

12.47kV Bus 412.47kV Bus 2 12.47kV Bus 3 12.47kV Bus 5

Campus 12 kV &
Campus 4 kV

Central
Plant

Central
Plant

Campus 12 kV &
Campus 4 kV

Campus 12 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
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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: Exterior Rendering
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Replacement Central Energy Facility
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Replacement Central Energy Facility: Design Model
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Replacement Central Energy Facility: Contractor Model
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Replacement Central Energy Facility: Progress
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Replacement Central Energy Facility: Final Installation
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Replacement Central Energy Facility: HRC Rendering
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Replacement Central Energy Facility: HRC Installation

Stanford Energy Systems Innovations - Stanford University

11/12/2015 ASHRAE Golden Gate Chapter 57

Prop
rie

tar
y



Replacement Central Energy Facility: HRC Pump Rendering
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Replacement Central Energy Facility: HRC Pump Installation

Stanford Energy Systems Innovations - Stanford University

11/12/2015 ASHRAE Golden Gate Chapter 59

Prop
rie

tar
y



Replacement Central Energy Facility
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Replacement Central Energy Facility
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Replacement Central Energy Facility
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Replacement Central Energy Facility
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Replacement Central Energy Facility
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Replacement Central Energy Facility
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Administrative Wing – NZE Ready 

• Natural Ventilation 

• Radiant H&C in Slabs

• Chilled SailsChilled Sails 

• Phase Change Materials 

• Circulating Fans 

• Daylighting , LEDs

• PV Systems Integral to 

Architecture 
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Administrative Wing
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Administrative Wing
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Administrative Wing
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Administrative Wing
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Administrative Wing
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Results

Campus will reduce its carbon emissions, 
ultimately 50% below 1990 levels by 2050ultimately 50% below 1990 levels by 2050 . 
The new energy system is 70% more efficient 
than the existing combined heat and powerthan the existing combined heat and power 
process provided by the current cogeneration 
plantplant.
Potable water use is reduced by 18%.
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Results: 50% GHG Reduction
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Results: 18% Water Savings (25% with GSHE)
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Results: Closing Comments 

Many climates are applicable, not just CA.  

H ti d li l d ’t d t b i t tHeating and cooling overlap doesn’t need to be instantaneous 

TES decouples the load from the production

Lower HWS temperature improves efficiency

Delta T is important for TES pipe and pump capacityDelta T is important for TES, pipe, and pump capacity

Regional HX’s are critical to conversion logistics 

Cooling is just the collection of unwanted heat

Equipment dispatch is based on load predictionq p p p
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Colin Moyer cmoyer@aeieng.com
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