Thermal Energy Storage

New Mexrco State University

Presented by:

o
Pat Chavez, Director of utilities and Plant Operations, New Mexico State University i AKE ~ u
2 (GLHN

Doug Stingelin, P.E., Director of Mechanical Engineering, GLHN A/E , Inc. (T T — INC



TODAY'S PRESENTATION

Primer — Cool Thermal Energy
Storage (CTES)

Why CTES for NMSU?

NMSU CTES Infrastructure

CTES Performance after 7 years 11

and Adjusting to Change

Future for CTES at NMSU




CTES Primer

Presentation Terminology:

Electrical ENERGY — measured In

Kilowatt Hours (kWh )

Electrical POWER/DEMAND -

measured in Kilowatts (kW)

Demand charges billed monthly -
often based on peak value per time

frame (ex. Highest avg. over 30
minutes)

EL PASO ELECTRIC COMPANY
SIXTH REVISED RATE NO. 26
CANCELLING FIFTH REVISED RATE NO. 26

STATE UNIVERSITY SERVICE RATE

APPLICABILITY:

This rate is available to any public college or university's main campus for lighting, power all";
heating service. The Customer and the Company will determine whether a Customer qualifies
for this rate. A Customer qualifies for this rate if the expected monthly demand will exceed
9,000 kilowatts (kW). All service will be taken at one point of delivery designated by the
Company and at one of the Company’s standard types of service. A contract may be required
in order to take service under this rate.

TERRITORY:

Areas served by the Company in Dona Ana, Sierra, Otero and Luna Counties.
TYPE OF SERVICE:

The type of service available will be determined by the Company and will be three phase at a
standard Company approved voltage.

MONTHLY RATE:

Customer Charge

$25.00 per customer

DemandCharge | Per Billing kW 1

I $7.60 1
Psnergy Charge [ ~ _Perkwh ]

On-Peak | $0.24212 ]
_Off-Peak |

_ soo4860 00000 |

On-Peak Period shall be from 12:00 P.M. to 6:00 P.M, Mountain Daylight Time, Monday
through Friday, for months of June through September.

Off-Peak Period shall be all other hours of the week not covered in the On-Peak Period.

Advice Notice No. 213

Signature/Title
David G. Carpenter

Senior Vice President-Chief Financial
Officer



CTES Primer

Presentation Terminology:

. Utility Rates $

« Demand and Energy

Charges
e Time-of-Use (TOU)

e Real-Time-Power (RTP)

| .

MONTHLY RATES:
| Customer Charge (per meter per month) $135.00
Demand and Energy Charges Summer Winter
(June through September) | (October through May)
Demand Charge per Billing kW $16.71 $8.85
Energy Charge per kWh; On-Peak $0.09124 e
Energy Charge per kWh: Off Peak $0.00428 $0.00428

The On-Peak Period shall be from 12:00 P.M. to 6:00 P.M, Mountain Daylight Time, Monday
through Friday, for the months of June through September.

The Off-Peak Period shall be all other hours of the week not covered in the On-Peak Period.



CTES Primer

Presentation Terminology: ‘ol
 Imperial Units (Metric/Sl) ‘ ¢

« Cooling Capacity or Demand TonR

(kW)

_ _ B Imperial Metric
« Cooling Energy/Storage Capacity

TonHr (kWh)



CTES Primer

Presentation Terminology:

British Thermal Unit (Btu) = energy to
raise 1LB of Water 1°F

1 kWh =3412 Btu

Sensible Heat ~ energy needed for
raising or lower temperature

Latent Heat ~ energy needed to create
phase change (ice to water, water to
steam)

1LB ICE to 1 LB Water = 144 Btu




CTES Primer

Presentation Terminology:

« TonR - the rate of heat transfer that
results in the freezing (*or melting)
of 1 ton (2,000 Ib; 907 kg) of pure
ice at 32 °F (0 °C) in 24 hours.

« A refrigeration ton is approximately

equivalent to 12,000 BTU/h or 3.5
KW.
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CTES Primer

Thermal Energy Storage (TES) systems
store thermal capacity as sensible or
latent heat

Can be hot or cold

Cool storage (‘C’TES) mediums are

usually water or ice respectively

CTES primarily designed to reduce
plant electric utility costs




CTES Primer

« Air-Conditioning has had a large

iImpact on the way utility companies

I

operates their power plants

e Most utility company prime movers
are for summer peaking - 35% of US

summer peak is do to air-conditioning ;//

e Electric Utility — Production Efficiency
IS not the main issue anymore -

Predictable Demand Is



CTES Primer

Utility Company Strategy: Modify User
Behavior by creating rates that penalize
high demand during peak demand hours
and reward power use during off-peak
(‘Time of Use’” TOU Rates or ‘Real-Time

Price’ RTP rates)

CTES became exceptionally popular in
1980s driven by electrical demand-side
management (DSM) programs which

provided capital incentives



CTES Primer

« TOU rates permits cost saving through

load shedding

« Early CTES encouraged by offering

Capital Incentives to users

« CTES for cooling applications fostered to

fruition with chilled water and ice

storage systems



CTES Primer

e Fast forward to 2019 — CTES is still very

popular
e TOU and RTP electric rates still a driver

e Future — CTES is an option to capture
Intermittent power production from
renewable energy (solar, wind) and

deploy when needed




CTES Primer

Most utilities
experience 80-100%
peak power for less
than 8% of all

operating hours

Aggregate Demand Normalized by Annual Peak
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Aggregate Load Duration Curve (Miso 2016)
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CTES Primer

Traditional power generation
favors slow changing demand -
rapid response to dynamic
changes in demand is difficult
to manage (‘grid dynamics’,
‘ramp rates’, ‘over generation’)

Photovoltaic (PV) Power
production is the largest
disrupter

Peak diurnal PV power occurs at
Noon

Utility grid summer peak power
is ~ 4PM
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CTES Primer

« Utility company’s are looking for
approaches to reduce or shift electricity
demands that can also benefit both

facility owners

« CTES can bridge mismatches between
iIntermittent renewable generation and

utility aggregate demand for electricity



CTES Primer

Look for more incentives in the
future

Widespread CTES will assist
utilities in reaching their
renewable penetration targets.

Ever growing Legislation to
iIncrease deployment of
renewable energy will lead to
greater mismatches in demand

Also the desire to have ‘Net-Zero’
buildings is on the rise



CTES Primer

Global Horizontal Irradiation (GHI) North America
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CTES Primer

Energy Storage can be used
to effectively bridge
mismatches between
renewable energy production
and aggregate utility demand

Energy Storage Technologies:
CTES, Battery, Deep Cavern
Compressed Air, Pumped

Hydroelectric

Global installed energy storage by type CESA 2014



CTES Primer

 Non-Storage Cooling Plant
e Direct-Coupling of Load Production

« Load Profile and Plant Output Identical

e CTES Plant

s Uncouple Production of Cooling Capacity from

Demand for Capacity

« CTES does not change integrated cooling load

— it redistributes it.



CTES Primer

e« Consequences of Using CTES

« Smaller Refrigeration Plant (Usually)

Lower Electric Costs (Almost always)

Energy Savings (Almost never)

Greater Operational Flexibility

Helping to smooth out grid-dynamics — reduce

use of ‘dirty’ peaking plants



CTES Primer

e Sensible CTES Media - Water
e Density 62.4 |b/FT3
e Specific Heat 1 Btu/Lb°F

e Stratified Chilled Water Tank -
85%-90% Usable capacity

e Steel or Concrete Tank

e 11-21 FT3/TonHr (practical

storage density) University of Wyoming — Rendering of New Chilled
Water Plant with CTES
« 80-150 Gallons/TonHr



CTES Primer

e Sensible CTES Media - Water

e Supply Temps 40-50°F

e Delta Ts

14-20°F

Thermocline Region

Vertical Temp
Gradient

Lower Diffuser o /

40

S0

Temperature

i
60

f

Upper Diffuser

Tank Depth

Q I

T..=T,+20°F (11.1°C)

Chiller Side Parallel Chillers
Cooling Variable
Loads Speed Pumps
60°F (15.6°C)
-4
Stratified Chilled
Load Side Water Tank
Wariable
Speed Pump

Stratified Chilled Water CTES Schematic —
ASHRAE 1607-RP March 2017



CTES Primer
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CTES Primer

Latent CTES Media - Ice

Density 62.4 Ib/FT3

Latent Heat of formation 144
Btu/Lb

Modular Ice Tank - Internal Melt

“lce-on-Colil”
2.4-3.3 FT3/TonHr (practical

storage density)

18-25 Gallons/TonHr

Charging Cycle

AN

Cold Fluid

Discharging Cycle

Water

AN

Warm Fluid

ICE CTES tank cutaway with charging and
discharging cycle detail - (EPRI 2008)



CTES Primer

e Latent CTES Media - lIce = N Q . T
« Charging Temps 22-26°F
| | ) (2 cone
« Discharging Temps 36-39°F | s o
Topws = Tie Chullers Pumps
o Charging Energy .85-1.2 kW/Ton oo s . Tivat

e Cost

Load Side
Vanable
Speed Pump

Internal Melt
Ice Storage Tanks

ICE CTES System Schematic - ASHRAE 1607-RP
March 2017



CTES Primer

Calmac - Model ‘C’ Tank and Cutaway

.
sl

NMSU Satellite Chilled Water Plant — Ice Farm



CTES Primer

e« Other CTES Media (not as practical)

e Eutectic Salts

« Depressed Density Glycol/Water Mixtures




CTES Primer

e Water versus Ice

e lce is compact - 4.5X to 6X less

Volume for equal capacity

« Water tanks have economy in

scale, ice does not

« Both systems are fairly complex -
more O&M than non-storage

chilled water systems



CTES Primer

Water versus Ice

e |lce is Cost Favorable below ~ 6,500
TonHrs (40 tanks)

e Above-Ground Stratified Chilled
Water Tanks Cost Favorable above
6,500 TonHrs (500,000 Gallons)

 Breakpoint: 6,500 Ton.Hrs
~$1,000,000 or $150/Ton.Hr or
$2/Gallon

400 = _
~Secondary | , _
l\\ | Schaol Large Office Capacity Range
! Capacity |
Range '
p— |
£ 300 |
E Y _.-Stratiﬂ.ed Chilled Water Modeled Cost
2= N " " Cost Range
o F o
Tl
®
o 200
O
w
LLl
-
O

0 o .Eﬂﬂﬁ 10000 15000 20000
CTES Capacity [ton-hr]

CTES cost data and storage capacity ranges
ASHRAE 1607-RP March 2017



CTES Primer

CTES Rolled-Up Capital
Costs in General:

e $130-%$1120/kW

e $460-$3,900/TonHr

Several US States
offering rebate
iIncentives (CA,FL,NY).

More to follow...

Schoaol _
Capacity |
Range '

400 —— 1 '
\\ I'SEW“‘:IEWE Large Office Capacity Range

Y _.-Stratiﬂ.ed Chilled Water Modeled Cost
"-,fl R " " Cost Range

200

CTES Cost [$/ton-hr]

0 o .Eﬂ;ﬂ.ﬂ 10000 15000 20000
CTES Capacity [ton-hr]

CTES cost data and storage capacity ranges
ASHRAE 1607-RP March 2017



CTES Primer

« Operational Strategies (lce
or Water)

« Full Storage

« Largest load shift, largest

plant size

e Best for smaller facilities with

high TOU energy rates

Tans l‘n:'W'l

FULL STORAGE

Chiller off
Chiller on _'\

7 - T
\ I Coolgload 1 '\
§ . (metby storage) -
I - e " < .!
i 1
hiller 1 -
meets | )
load 1 =
x directiyl i

Time of day



CTES Primer

« Operational Strategies (lce
PARTIAL STORAGE - LOAD LEVELING

or Water)

Chiller runs
continuously

« Partial Storage / Load L
Imet by storagel

Leveling

Tons (KW

Cuuling- load

» Moderate load shift, smallest

plant size imet by ehiller)

e Lowest ROI Time of day



CTES Primer

« Operational Strategies (lce
or Water)
« Partial Storage / Demand
Limiting
« Similar to load leveling but
with more complex control

« Favorable for high demand

and ratcheting demand rates

Tons (kW)

PARTIAL STORAGE - DEMAND LIMITING

Reduced on-peak
demand

imet by storage)

En-n.l.lng load :_ i s
{met by chiller) \

Time of day




CTES Primer

« Operational Strategies (lce S—
or Water) B Charging storage Storage chiller
s
« NMSU Partial Storage / E
Demand Limiting g A— __
- Partial Storage ) { Egﬁ*%g%ii .
« Peak Shaving on top of g .

Baseload PARTIAL STORAGE



CTES Primer

« Newer Operational Strategies (lce or Water)

« 2-Stage CTES Deployment

- Make Ice at Night to take advantage of TOU
(Cost Control)

« Make more ICE during day with renewable to
span into the evening hours when there is high

cooling load but no (Renewable Control)

« Captures Utility cost savings and Increases

Penetration of Renewable Energy Generation

 Works best in our RMA Region



Why CTES for NMSU?

e Robust Chilled Water

System with Ever-Growing

: =
£ 48 STATE UNIVERSITY

 Need for redundancy and
flexibility in chilled water

production

« Highly Favorable TOU rates

Facilities and Services

from El Paso Power Project Development
and Engineering



NMSU Chilled Water History

1965 - Central Plant (1) 900 Ton R-11 Centrifugal Chiller installation.

1968 — Central Plant (1) 1500 Ton R-114 Centrifugal Chiller addition.

1975 - Central Plant (1) 1500 Ton R-114 Centrifugal Chiller addition.

1984 — Central Plant 3 Million Gallon Chilled Water Thermal Storage.

1995 - Central Plant (2) 1500 Ton Double Effect LiBr Absorption Chiller addition.

2001 - Central Plant (3) 1500 Ton R-134A Centrifugal Chiller installation. (Replaced ‘65,’68,”75 Chillers)
2009 - Updates to Utility Master Plan.

2010 - Chilled Water Distribution Capacity Improvements. (36” Chilled Water Mains)

2012 - Satellite Chiller Plant (1) 2500 Ton, (1) 900 Ton R-123 Centrifugal Chillers with Ice Storage.

2013 - Central Plant (1) 1100 Ton Steam Driven Centrifugal Chiller. (Replaced 2 Absorption Chillers)



Main Campus Chilled Water Distribution

Chiller Plant

J_I

2012 Chiller Plant




Central Utility Plant and Stratified Chilled Water
Storage Site




Central Plant Chilled Water System Overview




Central Plant Chilled Water System Overview

Central Utility Plant Electric Peak

El Paso Electric 5?206 kw
S o] (o] i g D i
: ] == |

| East Log [+ West Log [ Configurations

Tortugas Feeder-4 -1559.8 KW

EP Open V-1A

Fill Start [-9.0 % reser | )

Fill Stop [-4.0 % NG CHWR ::IV
Tank Enabled |@ Flow # . E )
Make-up o — ~ 55.6 °F 60.0 psi
| = " # h L — 1 b ) T *
0.94psi  3732.00 gal/min = :
iﬁ [[HE: 55.53°F  2290.2 Tons 73; ?;t“ CHWR
Top 12" Range I
0.3 % q ’
— Chiller |
1> | Pumps i oopsi §
S i . l ! |
ik ; ., PSS * -GFG-&:____\ —— ‘*j
o, o {— : B7.5% |
o Pan Am
1 sk Pressure 23.1 psi
20.0 % | Charging 25.2 psi
- &  Ppumps =™
@5;“;@ 4 Pl P2 P&
. 5 0.0 %
er 69.3 % cmad | |[lon cmd | | pezlad
status|[[oB]  status| |Gl cm {Q‘] CHWS SPYV
— T Status g 68.0 psi
SFT ] l | 40.6 °F 67.6 psi
3FT ) s P - -.1_!!' & é
cHWS
1FT 6404.6 gal/min
T-1 T-2 ) §
[100.0 % [0.0 %
3
b
4
42.39 °F —

230.0 Max

Flow = EP Open V-1B

Disabled | Fault  Down TSNl Stale | Override @ @] @] @] @] @] 25-Jul-17 12:07 PM MDT




Satellite Chiller Plant & Ice Storage




Satellite Chiller Plant EQuipment Overview




lce Thermal Storage Site

]

#
<
-
=1
@
5

=

48 NdfLdd 109A




lce Thermal Storage Site




Satellite Chilled Water System Overview

Satellite Utility Plant SUP Chilled Water
| Main Home || Central Utility Plant || ICE Storage || Tower Camera || Electrical Camera || Chiller Camera {W}) || Chiller Camera {5} |
|5ystem Enable Duplex |@
|on| Evo Switch 3
|[28) EPo Switch East ]i ¥-26 Center ]1 ¥-27 West Flow
Tower-1 L't OPEN Tower-2 b OPEN Tower-3 _. 8835.00 gal/min
- ———
Cmd 86.67 %4 @ ‘ Cmd B6.670% ||| e cmd | G
f,‘: \— ak
Status | - = Status |@ o _|_;3.)ﬁ Status |0 Lt\ ¥-204
F [1ooo%
Normal | Normal o - Normal o |
Level SPY ~
=3y 4 ey LT Pan Am
28.5 psi
130 o = i -
¥-29 Blo i Blowd 2 Conductivity pH Tower Bypass ]
1204 OPEN 5612410.00 92300.00 149400  9.40 3
i / Flow Press Temp
b ’ - Q Yanes Ckt-1  Yanes Ckt-2 L 5408.00 gal,/min {(BTU) 4528.00 59.3 41.0 °F
100 A y-25 56.31 % 56.31 % 6848.05 gal /min (Calc)
an Make-Up o g280%  82.g00p |Enable Command [ 8620 6809 yin Fiow 5py [ 500000 galjmin | Ssw
a0 13021110.00 - rem Chiller Enabled |@] emp  Flow " ; — = CHWS
| -_adila _
701 B T.‘,;t* 8.6 °F a0.9°F  [100.0% 4D?°F T Diff Press SPY
[p—=t : L. Z0.00 psi
604 tmd | [on Tomer 5Py Temp AmSEER 20.26 ||:si
=0 Status O TTOF | | ‘% 68| [ cmd || Speed-11
40 ; (623 %
Tem Load-1: i 62.9 %
il v-24 7900 B0 BoD 709 % @  ranerow || %% o o8| status
OPEN S N ) 48.8 °F 5520 gal/min
204 - * ¥-21  Temp CHWSSPY: [ 41.0°F | 41.0°F Temp Ve b .
- i~ . o ¥ ; i imnil . X . 3 54.7 °F = ress Temp
e N LA ‘ 6214.76 gal/min Load Limit SP¥: [100.00 % 100.0 % 38.10F OBEN pbiplgih 4
Center ’ ! * &
r— i B . . o el | 99
Sump b | -1 psig ) Fl—
et [ status |@ 76.80 24.40 i 6] [ cma | Speed-12
igh Limnil . 62.9 %
. Cmd v-23 * Temp |DA| status
Low Limit |o EIPEN = ) 50.1 °F
Status .1._ v X
Level Reset fog-) [o8) HP1 Switch - ) vs G| cmd | speed-13
! witc i L ]
; -East ) 57.34 %] 87.00 B0 =] = |/ [ status | 1 0-0%
C5P1 Cmd |DA| HP2 Switch ~ ¥-22  Temp [Enable Command Temp 1_’%21 3"’9'2?}3?&?.: 38 P [
csP1 Status | cwPReset | B8] Hps swiken 235979 g::im:: Chiller Enabled |@ Flow SPY[__4000.00 gal/min @
Disabled | Fault | Down [N Stale | Override 12-Jun-14 12:35 AMMDT




lce Production Overview

Satellite Utility Plant

| Main Home || Central Utility Plant || Duplex Chiller-6 || Tower Camera || Electrical Camera || Chiller Camera (¥) || Chiller Camera (S)

Ice Bank Level

Ice Storage

Glycol Low I'-'.ressure Status
Glycol High Pressure Status

[Narmal

[Narmal

[Narmal
Norma

]
|_] E¥DiShitch 25.70F 39.93 31.00 F 1
. A . T a a
|@ EPO Switch ~ ! ! _ Glycol Low Level Status ]
| — [r—— Glycol High Level Status ]
Ice Storage Add Gch:IISGIutlon Status |[Mormal
67.4 % ¥-13 ji | L
o= Too.0 % 4 100.0 %
- = |@ Cmd €& ?‘ From Chiller-6 ¢
| et | Glycol System Enable |@ —
_] : Shutdown Dffset SPY: | 6.00 deg
| Ice Build Mode |ion Ice Melt HX-1 SPY: [42.00 deqg Press Temp
i 50.1 °F 59.5 % 41.0 °F
'[ —-—*—*—7 | Ice Melt Mode |a I ’
UG . S ‘ > & ‘ gt h
{ ‘.—.“ -}"‘HWS
|Glycol Chiller & Melt Mode |a ¥ ( ) )
0.00 gal;/min (BTU
67.4 %
o= | Glycol Chiller Only |aly 1700.59 gal/min {Calc)
o[B8 | cma 4 L") 4000.00 gal/min Diff Press SPY
|DA| status . 20.00 psi
J's —] v-19 Ice Build Mode Ready |@ v-17 20.10 psi
§ ON 202 # ,DPEN Ice Melt Mode Ready |@] CLOSED | 35.80 F
- A &A'. —ad ~ , ’ -
Ice Melt Reset o8] | cmd |[[speed-11
Ili"“ [IF Melt Made stops too soon) uD l:hl“E«r-ﬁ ¥ |@ Status b3:25%
—_—
¥ {
] ¥-4
Press Tem
i %= R ; ~ CHWS SPY: [ 37.00 °F + JL.e0F 54.7°F 67.9 #| ["OPEN 39.97 # 48.6 OPF
vio i of, w14 1 ActiveCHWSSP¥: 37.00 °F A s " e lle .
vanes  Load [OPEN| f,‘ L't'\ CLOSED Load Limit SPY: [100.00 % v A-"‘"&;_..',.,.“'._’ $chwr
LOGO0LGREL TR v-ip & & Active Load Limit: 100.00 % = ,ﬁ P
B et
OPEN 30.30F N.O. [IF Glycol Temp Gats Too Low) | Status -
F——1 -—\L "3 2 Freeze Normal
P - A.,*ﬂ[ COm \T TS .l ’ |o ¥-5 |° ,m Speed-13
86.23 °F 3139 °F 100.0 % CLOPED [l status ||l 0-0%
2539.00 gal,/min ra v-12 Sl
Enable Command |@ 2489.07 gal /min "A i ) At@—»}
Chiller Enabled |[On CLOSED
v-11
Disabled | Fault | Down [T Stele  [Gverride 12-Jun-14 12:37 AM MDT




lce Build Mode
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lce Melt Mode
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lce Melt with Chiller Mode
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Chiller Only Mode
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Campus Chilled Water Demand
(average day/month)

hilled Water Load Envelope
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2012 - Electric Utility Rate No. 26

EL PASO ELECTRIC COMPANY
SIXTH REVISED RATE NO. 26
CANCELLING FIFTH REVISED RATE NO. 26

=3 -2
= <
STATE UNIVERSITY SERVICE RATE = o ? =
] =
< =
- = = £
w85

,,
&

ua %
r

APPLICABILITY:

hO\‘S
ol
Moy

=

On-Peak period is applicable June
This rate is available to any public college or university's main campus for lighting, power alr"; th ro u g h S e pte I | I b er fro I I I 1 2 : OO P M to
healing service. The Customer and the Company will determine whether a Customer qualifies
for this rate. A Customer qualifies for this rate if the expected monthly demand will exceed

9,000 kilowatts (kW). All service will be taken at one point of delivery designated by the

Company and at one of the Company's standard types of service. A contract may be required 6 - OO P M O
in order to take service under this rate.
TERRITORY:

Areas served by the Company in Dona Ana, Sierra, Otero and Luna Counties.

ereor servce: On-Peak rate equals $.24212 per kWh.

The type of service available will be determined by the Company and will be three phase ata
standard Company approved voltage.

MONTHLY RATE:

Off-Peak rate equals $.04860 per kWh.
i o
e —— FarSilig ] Demand limit set at 9000 kW.
Energy Charge [ — PerkWh_ ]
On-Peak | $0.24212 ]
Off-Peak _ | 8004860 ]

On-Peak Period shall be from 12:00 P.M. to 6:00 P.M, Mountain Daylight Time, Monday

Demand charge equals $7.60 per kW
through Friday, for months of June through September.
Oﬁ-P:ak Period shall D:all other hours :f I::week not covered in the On-Peak Period. a b Ove th e 9 0 O O kW'

Adpvice Notice No. 213

Signature/Title
David G. Carpenter

Senior Vice President-Chief Financial
Officer



Current Electric Utility Rate No. 26

EL PASO ELECTRIC COMPANY

SEVENTH REVISED RATE NO. 26
CANCELLING SIXTH REVISED RATE NO. 26

MoK

STATE UNIVERSITY SERVICE RATE

On-Peak period is applicable June
through September from 12:00 PM to
6:00 PM.

Page 1 of 3

APPLICABILITY:

This rate schedule is available to any public college or university's main campus for lighting, X
power and heating service. The Custorner and the Company will determine whether a

Customer qualifies for this rate schedule. A Customer qualifies for this rate schedule i the X
expected monthly demand will exceed §,000 kilowatts (kKW). A contract may be required in X
order to take service under this rate schedule. x

On-Peak rate equals $.09124 per kWh.

Areas served by the Company in Dona Ana, Sierra, Otaro and Luna Counties.

TYPE OF SERVICE:

Service available under this rate schedule will be determined by the Company and will be three X t

phase at a standard Company approved voltage. All service will be taken at a single point of X Off_ P k q | $ 0048 2 p kWh
delivery designated by the Company. x e a ra e e u a. S . e r .
MONTHLY RATES: X

Cuét'rﬁfnér_bha[ge‘(pgr meter per month} | $135.00 | X . .

Demand and Enerqy Charges Summer -Wi_nlg[—i x D e m an d | I m It Set at 6000 kW-
- ) (June through September) | (Octaber through May) | X

Demand Charge per BilingkW |~ $1671 $8.85 x

Energy Charge per kWh: On-Peak F0.08124 N X

Energy Charge per kiWh: Off Peak $0.00428 $0.00428 X

The On-Peak Period shall be from 12:00 P.M. to 6:00 P.M, Mountain Daylight Time, Monday i De m an d C h arg e e q u als $16 ) 7 1 per kW

through Friday, for the months of June through September.

The Off-Peak Period shall be all other hours of the week not covered in the On-Peak Period x a b ove th e 6 0 O 0 kW

MONTHLY MINIMUM CHARGE: X

The Customer Charge plus applicable Demand Charge plus Tax Adjustment. X

Advice Notice No.,

239
& y
Signature/Title y@é ?( ?ﬁé-—'—f’_
Mathan T. Hirschi
Senior Vice President - CFO




Electrical Demand Overview

Electricity Demand Trend for CUP Operators -
| Main Home | | Utility Meters || Demand 30 Day || Demand 5-Day | N Iaga ra N Etwo rk
.m‘ Measured Demand: Monthly Peak Demand: 7304.9 kW Monthly Demand Charge: ¢ 68400.00  Overage Charge: $ 0.00
| Fa¥ | | Toggle Item List Yiew
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dewy 9,600 8000 pe gy
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Electrical Demand

Detailed Overview

Electricity Demand Trend

UNIVERSITY

NiagaraNetwork

| Main Home || Utility Meters || Demand 30 Day || Demand 24 Hour |

KW Demand 5-Day | | Campus Total || Tortugas Main || TM Monthly Peak || Generator Load | | Tortugas Feeder-1 | | Chiller Total | | Pan American || Corbett Center | | Domestic Wells |
| A || Toggle Ttem List View | Measured Demand: Monthly Peak Demand: 8361.6 kW Monthly Demand Charge: % 68400.00 Overage Charge: $ 0.00
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Main Electrical Substation

Tortugas Substation
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Purchased Electrical Energy Yearly Comparison
Month To Date Energy: 211392.0 kW-hr
Last Month Energy: 1709312.0 kW-hr
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Benefits of NMSU Chilled Water System Layout

< Additional cooling capacity to keep pace with campus
growth.

= Electrical “Off-Peak” thermal storage production capability.

< Chilled Water is produced with higher efficiency refrigeration
equipment.

= Centralized utility plant location improves chilled water
distribution pressures. This creates a reduction in the electrical
energy required to circulate chilled water to the campus
buildings.

= The utility plant is a modular design that allows for future
equipment expansions.

= The ice producing refrigeration chiller provides operational
flexibility due to the fact that this machine can operate as a
conventional chiller in an emergency.



CTES Has Been a Success at NMSU

e $1.2 - $1.5 Million Annual Avoided Cost in Utility Bills
e On track for 15 year Payback

e Were able to add sufficient capacity to handle campus
cooling load

e CTES provides operational Thermal Capacitor and Battery
Effect, Firm Capacity

 Now Have Leverage to Negotiate Utility Rates — NMSU seen at
‘Partner’ rather than ‘Customer’



Where will NMSU Chilled Water System go next?

e Turn NMSU’s ‘Cool Pool’ into Subterranean Ice Farm

— Discontinue Use of Stratified Thermal Storage Tank
— FillUnderground Storage Tank with 2-Levels of Ice Tanks
— Eliminate High Pumping Head associated with ‘Open’ System

— Move toward ‘Closed’ System for simplified O&M



Thank you for your time

Questions or Comments ??7?

References:

Bahnfleth and Reindl, 1998, Prospects for Cool Thermal Storage
in a Competitive Electric Power Industry, Journal of
Architectural Engineering / March 1998

Guideline for Specifying the Thermal Performance of Cool
Storage Equipment, Air-Conditioning and Refrigeration Institute

Reindl, Douglas and Contributing Authors, Design and Utilization
of Thermal Energy Storage to Increase the Ability of Power
Systems to Support Renewable Energy Sources, March 2017,
ASHRAE Research Project Report 1607-RP
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