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RE-ENVISIONING HEATING FOR UVA

Converting from Steam to Hot Water

Ben Dombrowski, PE, Mechanical Engineer, Energy & Power Solutions, Jacobs
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OVERVIEW

Steam vs. Hot Water for Heating




System Advantages: Generation

Steam System Components Hot Water System Components
 Boller  Boller

 Deaerator * Primary/Secondary Pumps
 Feedwater Pumps * Air Separator

 Blowdown Vessel  Expansion Tank

* Flash Tanks
 Condensate Receivers
e Condensate Pumps
 Water Treatment
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System Advantages: Generation

* |ncreased system efficiency and
use of renewable technologies

 Supply water reset control
 Less idle/cycling losses

e | ower conductive losses to ambient

* Little/no make-up water costs

e | ower chemical treatment costs
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System Advantages: Distribution

e Safety - System leaks are less dangerous
 Lower temperatures = less heat loss

» Utilize lower cost insulating materials

* Corrosion potential in condensate return system
 Reduced number of expansion loops

* No condensate recovery vaults

e Tunnels?
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Typical System Energy Losses: Steam

-3 Units _
Makeup Water 6 9 U n l ts
Useable Heat to Buildings

-4 Units

Misc. Plant Losses

-15 Units

Boiler Efficiency

100 Units ’

M

-2 Units

Heat Exchanger

-4 Units -3 Units

Distribution Losses Pressure Reducing Valve
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Typical System Energy Losses: Hot Water

O Units i
Makeup Water 8 2 U n lts
Useable Heat to Buildings

-1 Unit

Misc. Plant Losses

-15 Units

Boiler Efficiency

100 Units .
Natural Gas

M

0 Units

Heat Exchanger

-2 Units 0 Units

Distribution Losses Pressure Reducing Valve
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Energy and Utilities

« Steam - main heat plant

 Hot water - two small mechanical plants

* Chilled water - eleven chiller plants

« Steam, MTHW, CHW distribution

13KV power - three substations (outdoor lighting)

Procurement,

generation, and
distribution

 Domestic water - three million gallons storage

e Sanitary sewer
e Storm water
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UVA Energy & Utilities

Research

Patient Care

Electricity from Utilities

- = Classroom/Office
____--"" D

Matural Gas from Utilities

\\H Housing .
S— —

S S Dining

I Coal from Utilties T&D Losses l
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Drivers Issues

e Stewardship * Firm fuel
e Sustainability — Coal is only legitimate firm
fuel

e Strategic investment
* Minimizing fossil fuel

* Firm capacity of MHP

— Title V emission
constraints eroding coal
boiler capacity

e Steam/MTHW systems do
not support waste heat
recovery

* |ntegration of new and
alternative energy
generation
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ne Solution, Many Questions

i

£

 AHU coll
configuration

* We have a steam
plant... why spend
money?

* Piping materials?

* Why hubs? e Control valves (ch.

ball or PICV)

* Generate steam, _
* Freeze protection

distribute steam,
design to steam -
jump in or gradual?

e Energy transfer
stations

Production gFess

e Coil design temps
eDelta T

e Domestic water
(legionella)

Distribution

e Building influences
on plant

e Generate MTHW or
LTWH? How to
transition?

Buildings/Loads

* Design guidelines
(steam vs. LTHW)
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An Elegant Solution

/7 MTHW supply and HX

___—>» MTHW return and HX

> MTHW return and bypass HX

\ MTHW supply and bypass HX
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Importance of Conversion

IMPROVE SYSTEM EFFICIENCY

 Lower return temperature to maximize efficiency

« Maximize temperature differential to increase distribution infrastructure
capacity

SHIFT GENERATION, IMPROVE EFFICIENCY
 Energy efficient sources
* Renewable energy sources

* Recover and utilize low grade waste heat

JACOBS




Existing Conditions: Heating Distribution

m MTHW
LTHW

= 180PSI STEAM
m 125PSI STEAM

m MTHW
m 125PSI STEAM

LTHW

10%
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Existing Conditions: Steam System
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Proposed Conditions: Heating Consumption

B ENERGY TO BE CONSUMED BY BUILDINGS THAT USE MTHW DIRECTLY

71% ENERGY TO BE CONSUMED AS LTHW GENERATED FROM MTHW

(8%)

THERMAL ENERGY

TO BE DISTRIBUTED
(27%) FROM HEAT PLANT
M 180PSI STEAM

W 125PSI STEAM
“MTHW

() Existing

B ENERGY TO BE CONSUMED BY BUILDINGS THAT USE 125PS| STEAM DIRECTLY
ENERGY TO BE CONSUMED AS LTHW GENERATED FROM STEAM
(10%)  (90%)
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LTHW Hubs: Piping Schematic #1

L] ] ] L] ] L] L]
MTHW LOAD I LTHW HUB I
PUMPS
MTHWR I I
(170 -190F) MTHWR @ LTHWS
(190F) I (140-180F)
§ I—N >< ><]
MTHWS * X
‘j (230F)
HEAT
I EXCHANGER I LTHW LOAD
MTHWR
(170 -190F) I g X I
Ty
CONTROL LTHWR
I VALVE I (100-160F)
L I I N I I I I J

LEGEND
[><] VALVE NORMALLY OPEN

pd4 VALVE NORMALLY CLOSED
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LTHW Hubs: Piping Schematic #2

MTHW LOAD

[ = — ————

THW HUB
PUMPS

| O

VALVE

MTHWR I
(150-170F) MTHWR S
¢ (190F) I
MTHWS X
(230F)
HEAT
EXCHANGER I
MTHWR
(150-170F) I
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LEGEND
><] VALVE NORMALLY OPEN

P4 VALVE NORMALLY CLOSED

LTHWS
(140-180F)

LTHWR
(100-160F)

LTHW LOAD




LTHW Hubs: Piping Schematic #3

I I S I IS . ———
l LTHW HUB l
PUMPS

| O

MTHW LOAD
MTHWR
(100-160F) MTHWR
G (190F) I
MTHWS
(230F)
MTHWR
(100-160F) I
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HEAT
EXCHANGER

CONTROL
VALVE

LEGEND
[><] VALVE NORMALLY OPEN

P4 VALVE NORMALLY CLOSED

LTHWS
(140-180F)

LTHWR
(100-160F)

LTHW LOAD
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EXISTING

DEMOLITION

NEW

Conversion Diagram

DOMESTIC HOT WATER

STEAM/
MTHWS

CONDENSATE/S §
MTHWR

STEAM/
MTHWS

CONDENSATE/ S
MTHWR

HEATING HOT WATER

PUMPS
' BUILDING
LTHWS
HEAT LTHW
EXCHANGER LOAD
BUILDING
LTHWR
PUMPS
BUILDING
LTHWS
HEAT LTHW
EXCHANGER LOAD
""" BUILDING
LTHWR
PUMPS
. BUILDING
LTHWS LTHWS
LTHW
LTHWR LOAD
) CONTROL BUILDING
VALWVE LTHWR

DEMOLISH

STEAM/ S
MTHWS

CONDENSATE! §
MTHWR

STEAM/

MTHWS G

CONDENSATE/  §HHHHHHHHH

MTHWR

DOMESTIC

WATER
HEATER

S DHW

DOMESTIC
WATER
HEATER

MAKE
~~ UP
WATER/DHWR

§ DHwW

DOMESTIC
WATER
HEATER

MAKE
—upP
WATER/DHWR

§ DHwW
MAKE

UpP
WATER/DHWR

_l, LTHWS/R

il 4 LTHWR

NEW SEMI
INSTANTANEOUS
DHW

NEW




Interaction of CHP And HR Chiller

West Grounds Heat Recovery Chiller

60000
50000
=)
B 40000
=
=
=
E 30000 B HR Chiller
o Output
£
© 20000 | I —West Grounds
- LTHW Demand

10000
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SUMMARY AND NEXT STEPS

Action Plan




Life Cycle Savings Comparison

Annual Savings Capital Cost

Net Present Value ($) LCC Savings ($)

($) ($)

Scenario 1 - Full Implementation $379,398 $13,739,173 -$5,093,923 -$3,490,508
Scenario 2 - Phased Implementation $377,298 $14,388,295 -$5,779,495 -$4,440,127

Scenario 3 - Full Implementation w/o O Hill $301,505 $8,750,239 -$1,789,595 $364,554

Soenario & - Full Imp ementation w/ 0 HIl $571,806 $14,480,528 61,098,396 $3,904,029

HR 7 7 7 ’ ’ ’ ’

Scenario 6 - Full Implementation w/WG HR

Scenario 7 - Phased Implementation w/WG

Seenario 28 Ehasst gy e mentation (e $183,356 $14,388,295 $10,346,099 $12,502,519
Scenario 3A - Full Implementation w/o O Hill
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Life Cycle Savings Comparison

Cash Flow Analysis

515,000,000

$10,000,000

55,000,000 |

S0

55,000,000

510,000,000

$15,000,000

520,000,000
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e 11| IMple mentation

== == Phased Implementation

e Full Implementation
w/o O Hill

s [l IMmplementation
(w/fCHP)

s s Phased Imple mentation
(w/CHP)

s Full Imple mentation
w/o O Hill (w/CHP)

s Full Imple mentation wy/
O Hill HR (w/CHP)

s Full Imiple mentation
w/WG HR (w/CHP)

Full Imple mentation
w/WG HR (w/CHP) &
No O Hill

== == Phased Imple mentation
w/WG HR (w/CHP) &
Mo O Hill
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Ben Dombrowski, PE [
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