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Reduce the energy bill ?
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Group work : the A of Agir

¢ What is needed for evaluating the solution

— On a sheet of paper
e An ordered list of actions

— what to calculate ? Phys. units !

— what is needed ! (Parameters)
— where to find the information ?

* |0 min for establishing a work plan

— Class discussion




The present situation

Cooling water

+v1

condensation

Losses Y
T X Elec
<
Natural
Boiler i
gas Air
—> D —)» evaporation J
steam| 4 cond ] Cooll .
160°C| | 160°C 0sses oonng wazer
v T 25°C 35°C v
—> Evaporation ——> —> —>
45°C 125°C 30°C 4°C

6 kW/°C 5.5 kW/°C
Heating Cooling




Heat recovery by adding a heat exchanger
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A : What is needed

e Process modification
— New flowsheet : configuration of energy saving
— Operating conditions

e Operating cost

— Cost of energy
o [CHF/K))

~ Heating/cooling/refrigeration
— Operating time => [CHF/year]
e Capital cost
— Size of the equipment
— Investment required [CHF]
— Annualisation [CHF/year]

* expected life time

* Interest rate



Ssummary

e Streams to heat/cool
e Heat recovery => adding heat exchangers
e Project evaluation

— buying a new heat exchanger
 Capital cost (CAPEX)

— Energy savings
* Operating cost reduction (OPEX)

AOPEX :/ m(e)nergy(t)cene’f’gy(t)dt _/ m?ﬁqéurgy(t)ceneTgy(wdt

years

— Profitability
* Compare AOPEX(+) and CAPEX(-)

years



Calculating the cost of energy
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Heat recovery by adding a heat exchanger
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Heat recovery : Heat exchanger

Cold stream
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Heat exchangers
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Counter current heat exchanger model
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Heat transfer model
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Heat transfer coefficient
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Estimating the investment

e Estimating the investment
e Annualising the investment



Calculating the optimal value of the DTmin
In a heat recovery project




Heat recovery by adding a heat exchanger
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Project evaluation

e Project evaluation

— Buying a new heat exchanger

1 i(144)"
CAPEX|[CHF/year] = I k1 (A)F2 q (+ Z)n)_ ,

— Energy savings
* Operating cost reduction (OPEX)

BOPEX = [ g Ocenerny Ot — [ it
years

years

— Profitability
* Compare AOPEX(+) and CAPEX(-)

(t)Cenergy (t)dt



Heat recovery : Heat exchanger
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Heat exchanger calculation
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The calculation is made using a sequence of of resolution that is established when D Tmin is known.
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Energy savings values
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ATmin value : optimization problem

Decision variable

/\/'

minar, . TotalCost = OCer (AT in) + ICer (AT in)
Objective function

OCe:c(ATmzn) — (Ccold : (Qhot - Qex(ATmzn)) + Chot * (Qcold - Qex(ATmzn))) : timeyear
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ATmin value : optimization problem
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Annual cost as a function of ATmin
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ATmin value : optimization problem

minar, . TotalCost = OCer(ATmin) + ICer (AT min)
OC@:E (ATmzn) — (Ccold : (Qhot - Qem(ATmzn)) + Chot * (Qcold - Qex(ATmzn))) : tim@year

’I,(]. -+ i)nyem Qem(ATmzn) )bex

[Cea(Amin) = (e =1) " %" (G AT (A Tn)

e DTmin value depends on
— Operating time
— Heat transfer coefficient
— Heat load
— Energy cost
— Type of heat exchanger
— Cost of the heat exchanger

— Investment strategy
* interest rate
* expected life time




ATmin value : for cheaper energy cost
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Couts en fonction du DTmin
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What is the ATmin?

Minimum approach temperature difference

Energy - Investments Trade-off

A
$ Energy
Capital

DTmin
Small ATmin Big ATmin
- high heat exchange area - Small heat exchange area
-> high investments -> small investments
- high heat recovery - Small energy recovery
-> small operating costs -> High operating costs




DT min calculation

e Defines a temperature difference that makes the heat
recovery exchangers profitable

— based on the NPV criteria
— based on return on Investment

— based on internal rate of return
e Compare the different criteria
e When “optimized”

— DTmin means economic feasibility of heat exchanger
investment

* A higher investment would not be compensated by
Increased energy savings cost

* A lower investment would lead to lower energy savings cost




