Process Exhaust Heat Recovery

Case description
A manufacturing facility is considering a heat exchanger that will recover heat from a continuous dryer or oven exhaust and use it to preheat incoming air. The team must determine whether the energy, financial, and emissions benefits justify the investment and implementation risks. All values are hypothetical.

Project data
	Input
	Value
	Input
	Value

	Current natural-gas use
	80,000 MMBtu/year
	Equipment cost
	$280,000

	Expected gas reduction
	20%
	Installation cost
	$140,000

	Additional electricity
	100 MWh/year
	Engineering and commissioning
	$40,000

	Natural-gas price
	$6.00/MMBtu
	Contingency
	$40,000

	Electricity price
	$80/MWh
	Utility incentive
	$50,000

	Additional maintenance
	$12,000/year
	Project life
	10 years

	Annual production
	100,000 units
	Discount rate
	8%

	Natural-gas emissions factor
	0.053 tCO2e/MMBtu
	Residual value in year 10
	$20,000

	Electricity emissions factor
	0.35 tCO2e/MWh
	Project type
	Exhaust heat recovery



Implementation considerations
Consider exhaust condensation and corrosion, added pressure drop, combustion-system effects, hot-surface exposure, maintenance access, fouling, and production downtime during installation.

Before calculating
What additional technical or operating data would you request?
	

	


Which input appears most uncertain? Why?
	


​
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	1


Part 1: Cost and Performance
Show the calculation or spreadsheet reference for each result.
Capital and annual savings
	Calculation
	Formula or approach
	Your result

	Total installed cost
	Equipment + installation + engineering + contingency
	

	Net investment
	Total installed cost - incentive
	

	Natural gas saved
	Current gas use × expected reduction
	

	Gross fuel-cost savings
	Natural gas saved × gas price
	

	Added electricity cost
	Additional electricity × electricity price
	

	Net annual savings
	Fuel savings - added electricity - added maintenance
	


Production-cost effect
	Calculation
	Formula or approach
	Your result

	Baseline energy cost per unit
	Current gas cost / annual production
	

	New operating cost per unit
	Remaining gas + added electricity + maintenance, divided by production
	

	Operating cost reduction per unit
	Baseline cost per unit - new operating cost per unit
	

	Optional annualized cost per unit
	Add annualized net investment to the new annual operating cost
	






Part 2: Financial Evaluation and Uncertainty
Use a calculator or spreadsheet for the discounted cash-flow calculations.
Financial metrics
	Metric
	Formula or cash-flow setup
	Your result

	Annual simple ROI
	Net annual savings / net investment
	

	Simple payback
	Net investment / net annual savings
	

	Net present value
	Year 0 investment; years 1-9 savings; year 10 savings + residual value
	

	Internal rate of return
	IRR of the annual project cash-flow series
	


Break-even questions
1. What natural-gas price gives the project a five-year simple payback?
	


2. What percentage gas reduction gives an NPV of zero at the base gas price?
	


Scenario analysis
	Scenario
	Gas price
	Gas reduction
	Net investment
	Annual savings
	NPV

	Downside
	$4/MMBtu
	15%
	$550,000
	
	

	Base
	$6/MMBtu
	20%
	$450,000
	
	

	Upside
	$8/MMBtu
	20%
	$450,000
	
	

	Scenario
	Parameter 1
	Parameter 2
	Net investment
	Annual savings
	NPV

	Downside (alternative)
	
	
	
	
	

	Baseline (alternative)
	
	
	
	
	

	Upside (alternative)
	
	
	
	
	


Which assumption has the strongest effect on the recommendation?
	


What should the project team measure during a pilot or commissioning period?
	






Part 3: EHS, Strategic Fit, and Recommendation
Use the financial results together with operating and sustainability considerations.
EHS and implementation review
	Issue
	Risk or consequence
	Proposed control
	Data needed

	Condensation and corrosion
	
	
	

	Pressure drop and combustion stability
	
	
	

	Hot surfaces and maintenance access
	
	
	

	Fouling and cleaning
	
	
	

	Installation and production downtime
	
	
	


Strategic scorecard
	Criterion
	Weight
	Rating, 1-5
	Evidence for rating

	Financial return
	30%
	
	

	Energy reduction
	25%
	
	

	Implementation and EHS risk
	20%
	
	

	Operational fit
	15%
	
	

	Replication at other facilities
	10%
	
	


Weighted score: ____________________ / 5.0

Final recommendation
☐ Approve      ☐ Reject      ☐ Conditional approval

State the decision and cite the calculations that support it. Add any approval conditions.
	

	



