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Objectives

m Compare annual fuel use of different combination systems

m Systems to include boilers, water heaters, storage tanks and
control concepts. Oil and gas —fired.

m |Impact of oversize decisions

m Consideration of jacket and near-boiler piping losses, location
dependent

m Consideration of electric power
m Understanding sources of losses

BROOKHFAVEN

4 NATIONAL LABORATORY

energy e
y TECHNOLOGY
b DEPARTMENT



energy

Cast iron, oil-fired boiler, severely oversized, fixed temperature,
tankless coil

Cast 1ron, oil-fired boiler, slightly oversized, with indirect tank
Cast iron, oil-fired boiler, slightly oversized, with indirect tank, with
outdoor reset control

Cast 1ron, oil-fired, well-insulated boiler with indirect tank

Steel, oil-fired, thermally purgable control with indirect tank

Water heater - dual use, oil-fired

Combi-system, oil-fired

Condensing oil boiler

Condensing, gas-fired with indirect tank

Cast iron, gas-fired with atmospheric burner, heat only, with outdoor
reset

Cast iron, gas-fired with atmospheric burner, boiler and separate water
heater
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*Basic performance curves for each unit
Input / Output curves and 1dle loss

*Analysis of fuel use and electric power
consumption when used 1n different applications

*Summary tables — stand alone communication tool

 Follow-on project planned for technology transfer
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Daily distribution of hot water use (Gallons/hour)
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Units Tested to date

m Cast iron boiler with tankless coll

m Cast iron boiler with indirect DHW tank

m Steel boiler with indirect tank and purge control
m Condensing oil boiler

m \Well insulated imported boiler with indirect
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Input (Btu/hr)
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Efficiency (%)
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Efficiency (%)

= System 1
— System 2
= System 3
= System 4

Input (% of SS)
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Comparison of five systems
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Unit gph Steady  |Idle Loss
State (%)
Efficiency

1 1.46 83.7 1.2

2 13 78.4 2.1

3 .78 86.5 15

4 99 92.0 1.5

5 .80 37.0 .0
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Inputs

Steady State Eff. 80.0 250 100
Idle Loss 3.0
Oversize
3.0 295 | | 50
Design Day Heat Load 40000
Domestic Hot Water 64.3 200 7 180
(gal/day)
Qil Price ($/gal) 250 . 1751 170
&
Inside { Isolated
0 o>
Location Factor 5 150 - 1 60
- &
Calculat o &
alculate t_ﬁ125' 150 g
© i
Results '
— 100 1 140
Seasonal Efficiency —_— %
L
75+ 130
Annual Oil Used (gal) -
50 + 120
Annual Qil Cost ($) -
i ———— 257 110
Amount of oil wasted (gal) |——
Cost of oil wasted (%) - Ds|-|-|-|-|-|-| —T T T T T T 1°

End
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Inputs

Steady State Eff. 80.0 250 100
Idle Loss 3.0
Oversize
3.0 595 | L oo
Design Day Heat Load 40000
Domestic Hot Water 643 200 7 T80
(galiday)
Oil Price ($/gal) 2.50 175 + 170
Inside { Isolated E
0]
Location Factor D 150 ¢ 160
= >
2 :
=, @
Calculate (‘B 125 1 I g
Result ' i
esults ©
100 + 140
S
Seasonal Efficiency &1 (I
75 1 +30
Annual Oil Used (gal) 1083 /
50 T T20
Annual Qil Cost ($) 2709
Amount of oil wasted (gal) 422 257 710
. 0 0
Cost of cil wasted (3) 1085 s Te2l57 52147142 a7 3227 T2 T17 T2l 7 T2 T3
BIN
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Inputs

Steady State Efi. 880 250 100
Idle Loss 3.0
Oversize
S 225 + +90
Design Day Heat Load 40000
Domestic Hot Water 64.2 200 ¢ 180
(galiday)
Oil Price ($/gal) 2.50 175 + 170
Inside { Isolated E
0
Location Factor 9; 150 + T 60
3 -
S =
= [ab]
Calculate (‘B 125 1 15p a3
. i
Results 100 | |40
Seasonal Efficiency 67.1 S
75 + +30
Annual Qil Used (gal) 985 /
50 + +20
Annual Qil Cost ($) 2482
Amount of oil wasted (gal) 324 257 710
Cost of oil wasted (3) 200 0 | | | | | | | | | | | | | | 0
S '62'57'52'47 423732272217 127 T2 13

BIN
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Inputs Steady State Efficiency
Steady State Efi. 880 250 80 to 88 %
Idle Loss 3.0
Oversize 30
Desior Doy Hoat Load — 2251 Fuel use reduced
esign Day Heat Loa
1083 gal to 985 gal
Domestic Hot Water 64.3 2001 9 % reduction
(galiday)
il Pri 175 1 q
Oil Price ($/gal) 2.50 Seasonal Efficiency
Inside { Isolated o © 61 to 67.1
Location Factor J 9; 150 ¢
= >
S =
Calculate = 1251 15p .g
3 =
Results T
Q 100 1 +40
Seasonal Efficiency 67.1 L
75 1 +30
Annual Qil Used (gal) 985 /
50 T T+ 20
Annual Qil Cost ($) 2482
Amount of oil wasted (gal) 324 2871 710
el alfel sz () 809 T s TeaTsar 62 Ta7 a2 37122 a7 2247 112l 7 T2 13 1°

BIN
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Inputs

Steady State Efi. 880 250 100
Idle Loss A5
Oversize
S 225 + +90
Design Day Heat Load 40000
Domestic Hot Water 64.2 200 ¢ 180
(galiday)
Oil Price ($/gal) 2.50 175 + 170
Inside { Isolated E
0
Location Factor 9; 150 + T 60
3 -
S =
= [ab]
Calculate (‘B 125 1 15p a3
. i
Results 100 | |40
Seasonal Efficiency 86.7 S
75 + +30
Annual Qil Used (gal) 763
50 + +20
Annual Qil Cost ($) 1908
Amount of oil wasted (gal) 102 257 710
Cost of oil wasted (3) 25E 0 | | | | | | | | | | | | | | 0
S '62'57'52'47 423732272217 127 T2 13

BIN
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Inputs
Steady State Ef. 88.0 250 Steady State Efficiency 100
Idle Loss 15 88% both cases
Oversize
3.0 225 1 190
Design Day Heat Load 40000 Idle loss reduced from 3.0 to .15
Domestic Hot Water 84.3 200 ~ 780
(galiday) Fuel use reduced
Oil Price ($/gal) 250 175 1 985 to 763 770
o L]
Inside { Isolated W E 22'5 A) reductlon
Location Factor 9; 150 ¢ 760
B . )
S 29.5% reduction from 1083 =
Calculate = 1251 lgg &
1] [&]
S 5
Results % 100 Seasonal Efficiency Lo
=0
Seasonal Efficiency 86.7 L 67.1 to 86.7
75 4 130
Annual Qil Used (gal) 763
50 + 120
Annual Qil Cost ($) 1908
Amount of oil wasted (gal) 102 257 110
. 0 0
Cosleliel] wastelf) 255 s Te2l57 52Tz Tan a7 Tanlo7 Too Tz T2 T 7 T2 T3
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Steady Idle Loss Oversize Annual Annual Reductio
State Factor Efficiency Fuel Use n from
Efficiency Baseline
Case
(—
(%) (%) - (%) (gallons) (%)
1- 82 3 2 68.7 855 0
Baseline
2 88 3 2 73.7 797 6.8
3 92 1 2 86.4 680 20.5
4 88 15 2 87.2 674 211
5 92 15 2 91.1 645 24.6
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Annual fuel use (liters)
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Conclusions

m Linear input / output approach good for
Integrated systems

m Low load losses very big impact on annual fuel
use

m As idle losses are reduced, impact of oversizing
s reduced

m Opportunities for energy saving larger than
steady state efficiency suggests
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Project Sponsors

m NORA

m New York State Energy Research and
Development Authority
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