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Life Cycle Cost Value Analysis

Benefits of Economic
Analyses (part 1): -

e Most multi-million dollar decision
deserve more attention than a back of
the napkin analysis

* A Net Present Value analysis using Life
Cycle Cost methodology is the best
vehicle in obtaining a rational decision

Benefits of Economic
Analyses (Part 2):

* Many value driven issues must be
addressed in a more detailed manner to
highlight all the issues and decision

=== parameters — quantitative and

qualitative (non-quantifiable)
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Quantifiable Parameters

e Capitol Costs of heating or
cooling plant and
interconnection

* Energy and Utility Costs

* Operations and Maintenance
Costs

Simpler to put
prices to these
items
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Qualitative or Non-Quantifiable Parameters

But how do you
put a price to
these items?
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- Reuse of space for other purposes

- Rentable area
- Roof garden

. Visual architectural and

environmental impacts

-~ No plume from cooling towers or
boiler stacks

- Cost stability
- Reliable service
- Less green house gas (carbon)

emissions

- Freeing up maintenance staff
- Sleep at night factor




Additional Items for Consideration
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System reliability & availability
Make-up water

Only pay for energy used.

Water treatment chemicals
Refrigerant storage and
management

Maintenance & operations labor
(quantity, expertise & training)
Administration & management
Overtime premiums

Spare parts & supplies
Electricity rates — demand reduction
Natural gas rates — firm supply,
volatility

Regulatory compliance and
emissions reporting

Fees, permits & licenses
Insurance




ASHRAE Handbook & DHG/DCG LCCA Example

District Cooling vs. Self Generation Example

* Peak Cooling Load = 2,400 tons

* Annual cooling load = 6,240,000 ton-hrs

e Study Period = 25 years

* Discount rate = 5.5%

* Escalation rate = 3.5% for all but water/sewer
which is at 10% per year

e Sewer Water Charges = $4/1000 gallons

e Blended Electrical Rate = $0.10/kWh

* Reduced Electrical Rate due to DC = $0.0875/kWh

* Operator Salary = $70,720 * 1.4 benefits=  $99,000

* Cost Insurance = 0.75% of construction cost

—
-

sTRCT COOLING Guin:s

&

DSTRCT HEATING 506
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LCCA Example (Continued)

Alternative 1 — District Cooling

 Capacity charge = $285 (S/ton/year)
e Consumption Charge = $0.13 (S/ton-hr)
* Interconnection charge = $289,500

(recovered in invoice over
life of contract)
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LCCA Example (Continued)

Alternative 2 — Electric Centrifugal Plant

* Configuration = (3) 700 Ton Chillers = 2,700 tons

* Estimated Cost of Chiller Plant = $8,981,000

* Percent Financed = 90%

* Escrow for Chiller Plant Overhaul= $400/ton/yr
 Chiller Plant Maintenance = S6/ton

e Cost of Water Treatment = $0.0025/ton-hr

* Blended Electrical Rate = $0.10/kWh

* Annual Chiller Plant Electric Usage = 4,389,950 kWh

* Annual Makeup Water = 16,181,000 gallons
 Annual Blow down to Sewer = 3,773,000 gallons
 Water & Sewer charges = $8.00/1000 gallons

What Alternative is the best solution?
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LCCA Example — Results

25 Year Life Cycle Evaluation Results:
* Alternate 1 NPV (District Cooling): $51,525,000
» Alternate 2 NPV (Self Generated): $53,035,200

$53,500,000

$53,000,000

$52,500,000 +

District Cooling has a 25 Year LCC
Savings of

$1,510,000!!!

$52,000,000

$51,500,000

$51,000,000

$50,500,000 + i d

Alternative 1 - Alternative 2 - Self
District Cooling Generated

But don’t get too excited, that is still
pretty close for 25 year study (2.8%)
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LCCA Example — Alternative 2 Breakdown

Annual Chiller Plant &  Insurance
Overhaul 5%

Operationsand  paintenance Costs. /_ .
Maintenance Labor '

8%

Tower Water Sewer

Charges
4% Total Financed Capital
Costs
32%
City Water Make Up
Charges

14%

Chilled Water System
Loop Chemicals
1%

Annual Fund for

Major

, Replacement/Overha
. - ul Costs

3%
Chiller Plant Energy

Cost
32%
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Boiler Efficiency Studies

Publications

Real-World Seasonal Efficien
o e 1994 ASHRAE Journal — Real-World

of Gas-Fired Steam Boilers

A field study used actual metered data from exis usidin,
to establish the true seasonal dfuenaé of gmwboﬂais
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Seasonal Efficiency of Gas-Fired Steam
Boilers (Tim Tierney & Charles Fishman)

14 Building Study on St. Louis Trigen System

ASHRAE predicted the combustion efficiency
of most boilers between 75% and 86% (days

before condensing boilers)

Losses:
e Age
e Stack loss
e Radiation losses
e Blowdown
e Too much excess air

Maintenance factors
¢ Chemical treatment and scale

Results of study — average 56%!!!




Boiler Efficiency Studies

New Software for

Galculating
seasonal

Efficiency for Boilers

By David C. Bixby, Member ASHRAE; Martha ]. Hewett, Member ASHRAE; and Ron M. Nelson, Ph.D., PE, Member ASHRAE

user-friendly, Windows-based software tool has been devel-

oped to calculate the application seasonal efficiency (ASE) of

commercial space heating boiler systems, based on the tests and
calculation procedures specified by ASHRAE Standard | 55P, Method
of Test for Rating Commercial Space Heating Boiler Systems.

The standard, which is nearing comple-
tion by Standard Project Committee
(SPC) 155P, is unigque in that the tests and
calculation procedures result in an apph-
cation-specific seasonal efficiency rating
for a particular system configuration in a
particular building type and climate lo-
cation. This represents a first in North
Amenca for any kind of commercial
heating system.

Why the Software?

The software was developad to facili-
tate the standard’s application-specific
approach. Given the complexity of com-

July 2004

mercial boiler systems and the resulting
complexity of Standard 155P, only the
most experienced could be expected to
use the standard without this software.
The software will greatly facilitate de-
termination of boiler system energy in-

software was recommended by SPC
155P, and sponsored by ASHRAE TC
6.1, Hydronic and Steam Equipment and
Systems. Ron Nelson, Ph.D., PE., Mem-
ber ASHRAE, of lowa State University
is the project’s contractor.

How “Friendly” Is It?

Designers can use the software’s user-
friendly interface to:

* Select building load profiles from the
Tibrary by building type and climate
location;

* Import customized load profile data
from one or more common file formats;

put and ASE for commercial buildi

by manufacturers’ representatives, de-
sign engineers, utility staff and others
to compare options for building owners

About the Authors

David C. Bixby s marager, Tochnka! Services, weh
the Gas Applance Maredacturars Assoctation, In
Ardington, Va., and a mambar of ASHRAE SPC 1558

It also will help boiler turers

Martha |. droctor of rosaarch
& org) g with the Cantar for Enargy and En-

use the standard in sitivity analyses
for designing new boiler products and
control strategies.

The research project that resulted in the

 INTERNATIONAL
Z; DISTRICT ENERGY
7 ASSOCIATION

wvrronenant, Minnaapolis, and chair of SPC 1552 Ron
M. Nelson, Ph.D., RE., i profassor of mechani-
al enginaering 3 lowa State Univarsty tn Ames,
lowa, and the prindpla ivessigator on RP-1195

ASHRAE Journal 55

ASHRAE Standard 155P, Method of Test
for Rating Commercial Space Heating
Boiler Systems

ASHRAE Research Project RP-1196

This effort has been going on for over
17 years

2004 Journal article stating that the
project was near completion

— The research project ran into issues and never
was fully completed. Its completion is still
outstanding, however, it has not died yet

— Effort is ongoing and the standards committee
still meets at all society meetings

Bums&

AcDonnell




Boiler Efficiency Studies

Boiler System Efficiency

By Thomas H. Dertan, RE, Member ASHRAE
en natural gas cost $0.40 per tharm* (1999}, even a
pooety designed boiler System would ave DOSIive Dayhack,

Hurmcane Katnna changed that

According 1o the Enargy Infomanon AAMINESITaton (Www.oe.0oe
gov), the cost of natural gas has increasad 50% in the U.S, singa
iast fall (que o Humcane Katnna) and 200% In the iast seven yaars.
Blactricity nas Incraasaed only 20% in the same ome frame (Cantral
Indiana). Winter 2006 natusa gas cost as much as $1.,40 per therm
{100,000 Bu) and Gecticity costs around $0.07/KWn (3,413 Buyj

The glectnc cost equates to $2.05 per therm

e stmiplest fermm, U the Doller  glectne heal, which s (Iheoretically)

cannet dereer heat o the e ot
effichency of a lewsd 68%%, then the butler
has pero paydwck va. vinaghl resistance

July 2000

0N efhcient. This represents 3 bpe
shift in engineers’ approach o healmg

ystemm

Some would arpac. probably correctiy
il e entire national energy plctare is
mn Sex, and that the cost of electncity is
amficially dow compared (o redwal gas
Coovensely, the cost of natural gas may do
araficially high bocause of the hurmome
damage 10 the gm drilimg ngs m the Galf

f Mesico. In Induss il of the new
slectric power gener Is gas-lred
peaiony plants, which Hkely will crzale
2 npple elfect on electrnic conts

This ssapshot makes 1| scemn that
gas-lred bodders are a margmal Unest-
mernt, and hat bosters barnmg el ofl
al 3280 pes gallom {159,000 Haa$2 1
per Sl o propans &t 52 per galion
91,000 BeeX2 1K per iherm) will cost
sigrufcanedy meo: than sraight ressdance
clectnic heat Inall fairmess, whitke severn

About (he Astivr

Thomas M. Durtin, PE. it dmcior of sag-
reerwy 2 Vegaey Purom Dwrtes & Shouddens
bt

10537, ganardy taundoe = 100 Ma. sl
wrerd gz

ASHRAE Jourmal 51

e 2006 Journal article.

* Mentioned the pending completion of
Standard 155P (a little premature)

* Warning on using published boiler
efficiency for condensing boilers if low
return water temperatures are not
achieved.

Burns
Mcl )un&;'ltcl |

U‘fl 19




Boiler Efficiency Studies

* Results will be used to support testing
in ASHRAE Standard 155P
1550 Phasel | cendard  PG&E Applied Technical Services (ATS)
7 Proeatumver ETHRGERTE * Phase |l of the boiler research at ATS
was completed in late 2011 in support
of Standard 155P.

— Phase | focused on identifying any
fundamental flaws in the test methodology,
calculation procedures and report forms.

Project Manager: Ed Elliott
Pacific Gas and Electric Company

— No fundamental flaws were identified but

Prepared By: Al Beliso
Eddie Huestis

o L several minor flaws and recommendations
3400 Crow Canyon Rd. . o po

San Ramon, CA 94583 were identified, such as the need to address
Tatragmenog, stratification

P * Phase Il published in December 2012
o R e G e — More of a how to on testing and calculating boiler

aciic Bas aod vt efficiency
A Electric Company”

— Boiler tests were conducted on two boilers
(conventional and condensing) to establish testing
uncertainties, etc.
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Boiler Efficiency Studies

Boiler efficiency, %

CONSULTING - SPECIFYING

engineer

100

98 -

96 i~

92 -

90 -

88 -

86 -

Condensing mode

Natural gas = 1050 Bruw/ft?

Stoichiometric air = 17.24 Ib/ib of fuel
or 9.57 fr¥ft? of fuel

Noncondensing mode ;|

Dew point

1 1 1 1 1 1 1 |

100 120 140 160 180 200 220 240
Inlet water temperature, F

June 2012 CSE article - Boiler systems:

Economics and efficiencies
Engineers can meet a building’s hot water
needs with today’s boiler systems

Dominic Tabrizi, PE, Environmental Systems
Design, Chicago

“...the seasonal efficiency, which is the
overall effectiveness of the boiler over
the entire season, for today’s
noncondensing boilers is roughly at 70%
to 75%, compared to 84% to 92% for new
condensing boilers.”




Next Steps????

* Need a similar LCC analysis for
district heating comparison

— Spreadsheet was started, then stopped

e Similar to the cooling model, it
requires additional real world
information from district energy
providers

* Continue research & support of
real world boiler efficiency
studies
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Questions & Discussion
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Thank You!

Steve Tredinnick, PE, CEM
stredinnick@burnsmcd.com
630-724-3384
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