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Use Optimum Size and Capacity for Immersion Heaters 
(Arc 2.4323) 

 
(The analysis below was extracted from one of the assessment reports by the Clemson University 
Industrial Assessment Center (IAC). This is only an example recommendation and hence, not all 
the background information and sources for numbers are included here.) 
 
Est. Electric Consumption Savings = 462,000 kWh/yr 
Est. Electric Consumption Cost Savings = $32,340/yr 
Est. Electric Demand Savings = 924 kW 
Est. Electric Demand Cost Savings = $7,937/yr 
Est. Total Cost Savings = $40,277/yr 
Est. Implementation Cost = $14,300 
Simple Payback Period = 4.3 months 

 
Recommended Action: 
It is recommended to downsize or remove some of the oversized or unnecessary immersion heaters 
used for temperature increase in different solution tanks throughout the plant. 
 
Background:  
The plant uses a series of immersion heaters (nozzle-mix, tube-firing burner) that are used to heat 
up the solution tanks use in plating and coating lines. The installed immersion heaters used on this 
plant are Honeywell Eclipse ImmersoJet tube burner heaters. The reported average efficiency on 
these heaters is 80%. This company provides a range of different immersion heaters with a variety 
of capacities (from 2kW and up). To estimate the minimum required energy for temperature 
increase we started by gathering the information on different heaters, tanks, and solution. A key 
parameter in determining the required energy is specific heat capacity. The specific heat capacity 
of a solution, SHC, represents the amount of energy (Btu) required to increase the temperature of 
the solution in the tank to required level and can be calculated as:  
 

𝑆𝑆𝑆𝑆𝑆𝑆 = 𝑉𝑉(𝑔𝑔𝑔𝑔𝑔𝑔) × 𝑆𝑆𝑆𝑆( 𝐵𝐵𝐵𝐵𝐵𝐵/𝑔𝑔𝑔𝑔𝑔𝑔 °F) × ∆𝑇𝑇(°F) 
 
Where, 
 

V = volumetric capacity of the tank containing the solution (gallon),  
SH = specific heat rate of the liquid, the amount of energy required for 1°F increase in the 

    temperature of 1-gallon liquid (Btu/gallon °F)  
∆𝑇𝑇 = required temperature increase of the solution (°F) 

 
By assuming an 8-hour activation period to reach the favorable temperature level, we can estimate 
the minimum required energy consumption and compare it with the actual energy consumption 
using the current immersion heaters. The plant managers provided the details of immersion heaters 
including capacity, assigned tank for temperature increase, the solution, and related plating line. 
By estimating the specific heat capacity of each tank, we noticed some of the heaters are oversized 
and can be replaced by smaller size heaters. Two of the heaters were activated but had no specific 
use. Having these observations, we made some suggestions the details of which are provided in 
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Table 1 below. To estimate the 𝐶𝐶𝐶𝐶𝐶𝐶, we based our calculations on the specific heat rate of the 
water since the primary liquid in all of tanks were water based (water specific heat rate is 8.36 
Btu/gal °F).  

 
Table 1. Immersion heaters, tanks, and temperature increase and proposed 

downsizing/removal 
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The heaters are active throughout the year. We assume a total of 6000 operational hours for the 
plating lines. The plant is charged $0.07/kWh for electric consumption and $8.59/kW for electric 
demand.    
 
Anticipated Savings: 
Total capacity reduction due to replacement (downsizing) of 22 and removal of 2 immersion 
heaters adds to 77kW of reduction. Therefore, annual estimated demand saving, EDS, associated 
with downsizing and removing some of the immersion heaters can be calculated as:  
  

EDS = Total capacity reduction (kW) × 12 months/yr 
  

EDS = 77 kW × 12 = 924 kW 
  
  
Accordingly, we can find the estimated demand cost savings, EDCS, by using the electricity 
demand charge provided as   
  

EDCS = EDS × $8.59 kW 
  

EDCS = 924 kW × $8.59/kW = $7,937 
  
The total annual operational hour that these heaters are activated is around 6000. Using this 
information, we can estimate the amount of energy consumption saving, ECS, as   
  

ECS = Total capacity reduction (kW) × Annual OH 
  

ECS = 77 kW × 6000 h = 462,000 kWh 
  
Using the electricity consumption charge rate, we then can estimate the annual energy 
consumption cost saving, ECCS, as follows  
  

ECCS = ECS × $0.07 kWh 
  

ECCS = 462,000 kWh × $0.07/kWh = $32,340 
  
Finally, the total cost savings, TCS, associated with downsizing and removing some of the 
immersion heaters can be calculated as:  
  

TCS = (ECCS + EDCS) 
   

TCS = ($32,340 + $7,937) = $40,277 
  
Implementation Cost:  
To estimate the implementation costs associated with downsizing of some immersion heaters, we 
consider that the provider company might be interested to replace the heaters assuming the older 
ones are still functional. After some peripheral information gathering we estimate that each 
replacement would cost around $400. We also assume a labor cost of $250 for every installment. 
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The assessment team has suggested a total of 22 replacements for immersion heaters. 
Therefore, the estimated implementation cost, IC, can be calculated as:   
  

IC = # of replacements × Cost of each replacement × Labor cost 
 

IC = 22 × $400 × $250 = $14,300 
 
Simple Payback Period: 
The simple payback period, SPP, associated with downsizing and removing some of the 
immersion heaters can be calculated as   
 

𝑆𝑆𝑆𝑆𝑆𝑆 =  
𝐼𝐼𝐼𝐼
𝑇𝑇𝑇𝑇𝑇𝑇

× 12 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚ℎ𝑠𝑠/𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 
 

𝑆𝑆𝑆𝑆𝑆𝑆 =  
$14,300

$40,277/𝑦𝑦𝑦𝑦.
× 12 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚ℎ𝑠𝑠/𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 

    
SPP = 4.3 months 

  
  
 


