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Key performance indicators

Prof Francois Marechal




cPrL Thermo-economic performance

Cost of operation : give values to flows
Cost of the investment

— Estimate the size of each equipment
— Estimate its cost

Decision Variables S - -
MAVENS T, P,m; Sizing -> Costing
d [ i e
| | e Sizing : S=f(T,Pm) e.g. A=Q/(U DTlm)
m T » Costing : | (CHF)= I9%(S)**b
fuel
H2 O “ Cost(CHF [year) = (¥, ¢t — FE~¢;) * time + = nZuIQ % (S;)0
el ’ Juel uet = T
E Heat exchanger
\_ J

zq—z5=0 THERMO=> flows ECONOMIC=flow*price
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EPFL Sizing units

= Sizing function may be complex and heuristics
« Describe the transfer phenomena
- Residence time => sizes

Size (x, )

where vc{rt x,,m} . problem state variable
xh Streams entering the unit u
T, Streams leaving the unit u
T Parameters of the unit u
T, sizing model parameters the unit u

Ulrich, K.T., and S.D. Eppinger, others. Product design and development. Vol. 384. McGraw-Hill New York, 1995.

see also : http://www.mech.utah.edu/senior_design/07/uploads/Main/Lect12-ConceptSelection.pdf.
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cPrL KPI : Key Performance Indicators of a system ‘

General formula of the KPI in KPI unit/lifetime
LifeTime n,

KPI = [ (D it (oK) + EX v P (e — E=(0vg KP (1) + Z Lovhihde + Z vEPI(L(S,)

KPI [KPI unit/Iifetime] for n, conditions of operation over the Iifetime of the system

nM
KPI = Z Z pivk VKP4 EyHKPL_ oy = KPL Z Fupvkihd, + Y vEPI(E(S,)

it EJr '; [kg/s, KW] : flows calculated in the system configuration during conditions p

rp?
d, [s/lifetime] : probability of appearance of conditions p during the life time of the system
V,TI;KPI [KPI/kg |: value given to flows or investment to characterize the system configuration during conditions p

Vo KFITKPI/kJ ]: value given to Electricity to characterize the system configuration during conditions p

vEPITKPI /use of u]: value of the maintenance cost of unit during the conditions p

$202O 1

vEPI[KP1/$ invested] : value given to the investment of unit u in the system (typically in )
year $invested

L(S,) [$ invested/Size of u] : investment in the equipment of the system
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ePFL Example of key performance indicators

TotalCost[C’HF/year] OPEX + CAPEX + Tax

OPEX = Z Zm "o T)p E;L jp — Ep Cop T zu: fupcma)dy
u=1

p=1 r=1

1 max
g e B

CAPEX = i

Taxr = C’O+ CO+

CcoOF _ CO5
CO; T Z Zm;’_p SOZ —I_ E]—?i_ eap Ep e,p )dp

p=1 r=1
Uzn
Impact = C—C’O2jL (CO;— 4+ Z (5002 gCOg)f;nax)
u=1 ny u
Nrres
RES = Z > o ombo Z fupeieh)
p=1 mes—l

_|_

E'—I- 1 E i qu,p res

u=1

—e,,) =0  Vp=1l.n,
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cPFL OPEX : Operating Expenditure

OPEX|CHF/year| = Z Z e, + . Erct, — Ep_c;p + Z fupcma)dy
p=1 r=1 =

with

!, lkg/h) flow of resource r in period p

cff’ JNCHE kg specific price of resource r in period p

E; kW] Electricity import in period p
C«j,p (CHF /KW h] Electricity price at import in period p
E’p_ kW] Electricity export in period p

c, |CHF/kWh] Electricity price at export in period p

e,pl
Mo [—] number of units
fu.pl—] level of use of unit u in period p
cmy |CHF/h) specific maintenance cost of unit u

dy|h/year] duration of period p

We assume that the specific prices are valid for the whole life time : 25 years !
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cPFL CAPEX : Capital Expenditure

Capital Expenditure is the amount of money needed to buy the equipment, it is expressed on an annual basis

om 1
CAPEX CHF = _ I]-u » _|_12u anaa:
(CHF/year] ; T(ny,u,z)( y fi )
1 1 L. :
— ] annualisation factor of unit u
T(Nyu,1) V"

nyw |year| expected life time of unit u
I1, [CHF| fixed investment of unit u
Yu [—]  existence unit u
12, [CHF| proportional investment cost of unit u

frma® [—]  size of unit u
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EPFL CO2 emissions

= Measures the amount of CO2 emissions associated to the operation of
the system during the n, operating conditions p.

+ .
COS [kgCOs /year] = Z Zm+ COQ—I—E; SZ? —Ej ¢ fff )dp

rpr
p=1 r=1

¢ [kgCO, /kg,] kg CO2 emitted per unit of resource r burnt (local emissions) -> SCOPE 1
e p [kgC’Og JEW h.] kg CO2 emitted per kWh of electricity consumed

eff > [kgCOo/kW he] kg CO2 avoided per kWh of electricity exported (substituted in the grid) -> SCOPE 2

Tax[CHF /year] = COF~ coy

COZ [CHF/kgCOs) CO2 tax per kg CO2 emitted

SCOPE 1 emissions : directly emitted on site
SCOPE 2 emissions : indirectly emitted (i.e. emitted at the time of the production of the
electricity or for the supply of the resource
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cPrFL Environmental impact

o 1
Impact[ImpactUnit/year| = CCO;(CO;r + Z ( 202 + 5&02)](51”)
u=1 Y

¢ Coy [ImpactUnit/kgco,] Impact of CO2 emissions per kg of CO2 emitted
5; O2 kgco,] life cycle CO2 emissions during the construction of unit u
iOQ kgco,] life cycle CO2 emissions during the dismantling of unit u

An impact value is given to an emission. It concerns SCOPEL, SCOPE 2 or SCOPE 3 (considering the life cycle)
The impact is typically measured by life cycle impact assessment indicators.
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