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Objective

To research, study, evaluate and propose a project that reduces FSU
Facility’s Electric Utility bill by reducing peak demand and/or the overall
electric consumption to generate a financial payback to FSU.
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Project Background

« Large scale operations such as Florida State
University spend Millions of dollars on utilities
each year.

« HVAC accounts for 38% of total campus
energy consumption

« The team is focusing on HVAC operations and
equipment to achieve our campus
demand/consumption reduction goal

o Total of 21 chillers on campus:
o CUP: 6 chillers
o SAT 1: 6 chillers
o SAT 2: 6 chillers
o Stadium: 3 chillers Zargham

gy FAMU-FSU

Department of Mechanical Engineering y Engineering



FSU’s Current Standing

FSU Utility Spend Driving Forces:

* Increase in Student Population

» Increase in Faculty Population

$17,750,000 * Increase in Number of Lectures and
Labs

* Increase in City Utility Rates

* Climate Change

» Decrease in Equipment Efficiency

« Aging of Buildings and Materials

$16,250,000

2016 2017 2018 2019
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Tallahassee Utility Rate Structure

= Demand Charge ($/kW): Total Total
o Base Charge — 13.46 Demand Energy
o Discount—1.52 Charge Charge

(S/kW) | ($/kwWh)

= Energy charge ($/kWh):
o Base charge — 0.02237
o Solar —0.05 11.94 0.105
o Fuel-0.02939

= Power factor adjustment (negligible)
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Energy Consumption

2018 FSU Energy Consumption
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Feb
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Jun
Jul
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Dec

Energy Cost of
Consumption | Consumption
(kWh) (5)
10,677,884 1,121,177
11,140,576 1,169,760
11,214,102 1,177,480
11,719,637 1,230,561
12,506,359 1,313,167
13,605,957 1,428,625
14,507,720 1,523,310
14,304,363 1,501,958
14,615,064 1,534,581
13,853,675 1,454,635
11,463,273 1,203,643
10,746,646 1,128,397
Total: $15,787,294
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Energy Demand

Demand Demand Charge
2018 FSU Demand (kw) ()
o Jan 20,400 243,576
= 30 Feb 22,700 271,038
28 Mar 23,000 274,620
2 Apr 22,100 263,874
2 May 21,700 259,098
< 22 Jun 24,800 296,112
g 20 Jul 24,200 288,948
=8 Aug 26,100 311,634
16 Sep 26,500 316,410
14 Oct 25,400 303,276
12 Nov 24,100 287,754
10 o . - o vy . u " . o - - Dec 21,700 259,098
Time Total: $3,375,000
Zargham
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Demand Based on Hours
Range (kW) this Range

11,000-12,000 612.8
o KW Demand Based on Hours £ 0005000 7269
o 100% 13,000-14,000 868.9
T o 14,000-15,000 805.5
- 80%
= 15,000-16,000 1238.4
bl 0
- 60% 16,000-17,000 1782
T
= 40% 17,000-18,000 1564.4
18,000-19,000 1111.7
19,000-20,000 917.4
: i
= 0 20,000-21,000 754.1
S 8 8 8 8 8 8 8 8 8 8 8 8 8
D.. q D- D.. .D; G- Dn q D- D.. D- D- D.. q 21,000'22,000 637
ST T T T8 YT Ty T YT q 22,000-23000 5317
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Functional Decomposition

Reduce
Consumption

(Wh)

Legend: Solutions
. Stage 1l
Stage 2
B Stage 3
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Reduce Electric
Utility Costs

Apply Aesthetic
Design

Realize
Cost-Benefit Establish Budget
Analysis

Conduct
Feasibility Test

Conduct Energy
Audit

Reduce
Peak Demand

Propose
Solutions
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Concept Selection

Stratified Tanks for Chilled Water

Storage

 Stores thermal energy to pump chilled water
through HVAC system to alleviate the
consumption of energy from HVAC systems.

Replace Lightbulbs with LED Lights

Il Burn Natural Gasto Generate
Energy

= Large Battery Packs

 Battery packs can be charged during off
peak hours to be discharged during peak
hours, offsetting FSU's peak demand.

Incentive Programs for Reduced

Energy Usage

mw SMmart Speed Bumps

» Speed bump design to be implemented
around campus that takes advantage of the
momentum of the cars to generate energy.

mmm Collect Rainwater for Irrigation

Build Sunshade to Cover Entire

Campus
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Concept Selection +\ [ CoRemtionship

Technical Requirements Operating Factors Competetive Assesment
~ - 1 H .
B B |z < leg| £ ” 5 Relationship Key:
5 K B ] gl & E 5 Strong =9
£ |8 > = o S =4
5 B2 ‘é Z|E qé & = S & % Moderate = 3
o gg ’3§§g ’g & ’ﬁg % - g Weak = 1
2 |8 B2EEIGE|5 (B 8BS 5 | & =
E 8 fi% 2= = el e g ® E g b % No Correlation =0
S |2l |85l [® 18 |82 3 Y @ |Co-Relationship Key:
a. o O c ‘S o 0 K ﬁ =
= & 1= 3 5 & |25 = ] e s
. = le 2 [B |8 o pEon| § & Positive  +
Customer Requirements i < 4 i
Reduce peak demand 1|1 50) 3| 9| 3 olo] o] o G G F Negative -
Competetive
Reduce overall energy consumption | 2 | 3.00 3 3 9 0 0 0 0 G F G Assesment key:
Ergonomic Save money slsoof o[as[as[e[1[1]o] o G Sl o
Features
Durability 4 400 | 1 of o 1 9l oo G G F Poor =P
Serviceability 5| 300] 1 o o 1 3|1 3|0 G F F
Reliability 6| 400] O 3| 3 ol 3| 9] 3 G G F
Aesthetic Features Visually appealing 7|1 10] o o o o|lo] o o G G F Pugh' AHP’ HOQ Charts
Raw score 76 | 81 |1 69| 52 | 62| 50 | 21
Relative % 18% | 20% | 17% | 13% [ 15% | 12% | 5%
Importance Rank 2 1 3 5 4 6 7

The importance ranking is scaled on a scale from 1-5, with 1 being the least important and 5 being the most important. M
eyers
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Thermal Storage Tanks

Night Day
"Charging the Tank" Off-Peak Cooling Mode Peak Rate Cooling Mode
> —
Chillers are running BUILDING ! BUILDING :
COOLING f COOLING 8 (B
COILS COILS
— >

ok
[5 CHILLER (OFF)

T T CHILLER (OFF)

i THERMAL ENERGY T THERMAL ENERGY

Information courtesy STORAGE TANK STORAGE TANK

of DN Tanks
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"Discharging" the
Tank

Chillers not running

Pumps are running
instead



Thermal Storage Tanks

Energy Storage o Useful Life Cipital
EffICIenCY !%! Costs

Technology (Yea rs) m DIFFUSER_ELEVATION (;;
Pumped Hydro 30 >25 165 N i P o R | R T R e
Na-S Batteries 75 14 907 pae——l——v=1 i | e o]

Lead-acid Batteries 72 3 649 | g ' T

Li-ion Batteries 86 10 469

Flywheels 86 >20 11520
Compressed Air 52 25 105
Large CHW TES 93 - 100+ >50 125-300

Octagonal slotted piping diffuser

DIFFUSER PLAN /
- 86/

Informationcourtesy
of DN Tanks
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University of Central Florida

« Third largest university in the
United States

« 3.0 million-gallon TES tank

« 26,200 ton-hours storage
capacity

« Offsets 3,000 kW from peak
demand

« Saves over $700,000 annually

Schoengrund
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Florida State University

Fifth largest university in Florida

°
Legacy Walk '

No peak electric demand solution in =\ 0\ W B ﬁ
plaCe "4 ‘ 2 \ ) ,» T % '.u‘_ : 11558 n-'-l‘

CUP capacity is similarto UCF
« 26,500 ton-hour capacity

Fulfills aesthetically pleasing
requirement

Schoengrund
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Energy Demand with TES Tank

2018 FSU Demand
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Jan
Feb
Mar

May
Jun
Jul
Aug
Sep
Oct
Nov

Dec

Demand Demand Charge
(kw) ($)
17,750 211,935
20,050 239,397
20,350 242,979
19,450 232,233
19,050 227,457
22,150 264,471
21,550 257,307
23,450 279,993
23,850 284,769
22,750 271,635
21,450 256,113
19,050 227,457

Total:  $2,995,750
Schoengrund
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Concluding Statements

Demand Reduction Savings at FSU: $380,000 per year

Total Project Cost: $5,700,000

ROI (Years): 15 years

Useful Life of TES Tank: >50 years

The Team's Preliminary Analysis of a TES Tank installation as a solution to offset the CUP
to off-peak hours proved to be a feasible investment for FSU.

The Team will continue to work with Trane and DN Tanks to turn our theoretical forecasts
into exact numbers that are guaranteed by both companies.

Schoengrund
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5 Most Important Points

1. The team selected thermal storage by using a stratified chilled water
tank as the solution to the peak electric demand reduction problem at
Florida State University.

2. DN Tanks was selected as the vendor for the thermal storage tank.

3. Surrounding universities (UCF) have used this solution for their similar
problem.

4. The sponsor and manufacturer will continue to aid the team In sizing,
pricing, and implementing the thermal storage solution.

5. UCF saves more than $700,000 annually by offsetting 3,000 kW from
their peak electric demand.

Schoengrund
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Questions?

Team Members:

Edgardo Cordero
Steven Decker
Alec Schoengrund
Mira Meyers
Keaton Zargham

Juan Villalobos
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Email:

edcl5@my.fsu.edu

sd16b@my.fsu.edu

absl16d@my.fsu.edu

maml15x@my.fsu.edu

ksz1l7@my.fsu.edu

ivli5b@my.fsu.edu
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