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In the Beginning.....

» 2006 Master Plan
* Phase 1:

» Cancer Hospital (200 Beds)
» 500,000 SF

» Level 1 Trauma

+ 35 Year Plan
» 3,000,000 SF
» 1200 bed
» 15 MW of Generation
» 16,000 Tons of Cooling

\g /g, INTERNATIONAL
BURNSNVISDONNELLM

7, DISTRICT ENERGY
ASSOCIATION



» Partnership between hospital and municipal utility
» Combined heat & power for efficient generation of utilities
» Multiple levels of redundancy

« Capable to fully island

» Capable of providing all critical loads

» Fully load diesel generators during testing
» CHP yields 80% efficient operation

» Hospital achieved LEED Gold certification thanks to
Energy Center

» Concentrate on core business
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Phase 1 Complete \

Phase 1 Complete in 2008: ——
South Energy Center | ‘J//}
4.6 MW recuperated CTG L 1=
45,000 Ib/hr Fired HRSG
30,000 Ib/hr back-up boiler

4,200 Tons of chilled water

500 kW black start diesel
SOUTH

CENTER

2,250 KW emergency diesel

Future Expansion Plans
4.6 MW CTG w/ HRSG

2,250 KW emergency diesel
1,500 ton chiller
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Phase 2 — SEC Expansion

» Expansion Feasibility Study
» Original calculated thermal loads ~ 30% greater than actual loads
» SEC had excess steam capacity
» Needed chilled water and power generation capacity

» Evaluated CTG and Reciprocating Engine(REG) based CHP addition
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4 )

4-6 lbs/hr
unfired 100
r N\ | psig steam | “
per kW Often
Low(er) \ /| requires gas
Emissions compression.
>175 psig
\. J \. J
( ) 4 )
Efficiency
derate at part
4-50 MW load and site
conditions
\. J \ J
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r \ <100 psig gas r \

required
1.2 Ibs/hr of
100 psig L )
steam per kW

Typically
requires SCR

. J . J
r \ o )
Minor electrical
efficiency
2.5-3.0 MMBtu
of HW per MW penalty at part
load and high
X ) ambient
( N\ ( N\
Reciprocating Fast Start
218 MW Engine Time
\. J \. J
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Gas Turbine
Power /
MW MWt Heat
3.5 6.3 0.553
4.6 7.8 0.590
5.7 8.9 0.638
6.3 9.5 0.666
8.0 10.9 0.736

MW THERMAL

4 5 6 7 8 10 12 15
MW ELECTRIC
90%
X 80% ———
: z 70% —
Recip T
5‘_ 60%
Power / £ 0%
MW MWt Heat =
£ 40%
4.0 3.8 1.041 —
S 30%
4.5 4.2 1.071 I=
o 20%
5.4 3.7 1.456 £
© 10%
6.5 5.8 1.123 “ 0%
7.4 4.9 1.523 0 025 05 075 1 1.25 15 175 2 225 25

Power to Heat Ratio

s CTG el REG e SHP

* Recip. thermal performance based on availability to recover engine heat
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Economic Analysis

» Option Configurations:

* Prime Mover Options:
1. CTG (~4.6 MW)
2. REG (4-9 MW)

 Chilled Water Options:

1. Replace Existing Steam
Chiller

> Add Electrical Chiller
3. Add Steam Chiller

GRU/Shands Partnership
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Wartsila 16V34SG

« 7.4 MW Power Generation
« 8,775 Ib/hr 110 psig steam

8,500 MBH of 140°F- 160°F

Hot Water
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90 psi Steam

Steam Turbine-
Driven Chiller

HRSG
45,000 Ib/hr

950 F
Exhaust
Gas

12.47 kV Electricity

Campus Facilities

Generator4.6 MW

Cooling

Transformers Grid

Electric Motor-
Driven Chillers
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HRSG

45,000 Ib/hr

950 F
Exhaust
Gas

90 psi Steam

750 F
Exhaust
Gas

Generator 7.4 MW

1

HRSG 8,500
Ib/hr

Generator4.6 MW

S
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Plate & Frame

MMBTU/hr

HEx 8.5 -

Shell & Tube
HEx 12
MMBTU/hr

12.47 kV Electricity

Transformers

Steam Turbine-
Driven Chiller

Steam
Cooling

Hot Water

Campus Facilities

Grid
Electric Motor-
Driven Chillers
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Phase 2 — SEC Expansion

» Load Impact
» Excess steam/hot water capacity throughout the full load projections
» Power generation capacity to serve normal power loads over the next 10-15 years

» Most likely future expansion will be driven by critical power and chilled water demand

Steam Loads Normal Power Load
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Electrical

Footprint Sound

Design and Implementation

Heat Recovery
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Electrical

Non-Island
Condition

|| Generator

Status

Hospital

— Load

Status

Chiller
Status

Footprint

Sound

Stability Study

Island

Condition -
Balanced

| | Generator

Status

Island

Condition -
Unbalanced

| | Generator

Status

Hospital

— Load

Status

Hospital
Load
Status

Chiller
Status

Chiller
Status

Heat Recovery

Fast Island

|| Generator

Status

Hospital

— Load

Status

Chiller
Status
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Electrical Footprint Heat Recovery
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Electrical Footprint Sound

Design and Implementation

Heat Recovery

Import Export Import

B stable B stable
- Unstable CTG-l Only - Unstable

I nNot Tested [ Not Tested

Export

REG-1 Only

Import Export g 50

6.45

I stable
B Unstatle CTG-1 and REG-1

B Not Tested
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Electrical Footprint Sound Heat Recovery
Design and Implementation

316000, 52-6° Expansion vessel
Exhaust gas silencer

_Charge air filter

Rupture disc
DeNOx (SCR)umt

| -

+4760,15:7%7 [ | pr—

+10950, 35'-11"

i ——————— [

ol I_ *_:. . _

- y — : —
—l / w_fs@l_aﬂ_na unit
ntitation unit Auxiliary module
17400 21250 .
i 69-81%"

Distance depends on exhaust gas equipment

*From Wartsila 34SF Reference Manual
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Electrical Footprint Sound Heat Recovery

Design and Implementation
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Footprint Sound Heat Recovery

Design and Implementation

Electrical
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Electrical Footprint Sound Heat Recovery

Design and Implementation
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Electrical Footprint Heat Recovery

[~ >990d8
Il > 35048
I - 400d8
[—> 45048
I > 500dB
= > 55.0dB
I > 600d8
I > 65048
I > 700d8
- 75048
I - 80048
I - 85048
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Electrical

Footprint Sound

Design and Implementation

Heat Recovery
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Footprint Heat Recovery

Electrical

Design and Implementation
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Electrical Footprint Sound Heat Recovery

Design and Implementation

139.7 psia 2270 °F T
9117.2 Ib/h "19.503 gal/min |

Fuel Input: 56 MMBtu/hr

8883 F Seam =
D—‘— 94.1 klb/h 320.4 °F
1287 °F s ‘ S - O hciendill
| =[] =[] =
™ G | rassoooww Bowdoun
NP

125.0 °F 4 || -186.4 °F
High Temp .
Charge Air Cooler @ TT.C; F q
5.957 MBtu/h
Low Temp
Charge Air Cooler I 2048 °F

2.070 MBtu/h

95.0 °F
s R j
é 3 850 °F

1773  °F 1792.379 gal/min

662.070 gal/min

134.|1 °F
l 95.0 °F
Lube Qil Cooler: 2.7 MBtu/hr ]
Jacket Water Cooler: 2.9 MBtu/hr N |
I 850 °F
1179 °F 959.289 gal/min

595.341 gal/min
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Summary

Load Evaluation is Key

« Ultility Interconnection Evaluation (Stability Study)
« Space Avallability

 Sound Study

* Heat Recovery
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Next Steps?

Construction Complete Spring 2017

Future Building Expansion?
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Question/Answers?
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CONTACT
Chuck Heidt, P.E.
Project Manager/Asset Manager
John Lee, PEE e52393735
Senior Mechanical Engineer =&,
P 919-900-1365 Jamie Verschage, P.E., LEED AP BD+C
E jrlee@burnsmcd.com Power Planning, Contracts, and

Settlement Manager
P 352-393-1294
E verschagejb@gru.com



