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=PFL Part1 : defining the building needs

Buildings stock

Measures

Vs Table 1.1: EPFL Buildings
&Jr‘ ¢ Building Construction Heated Annual heat  Annual electricity
"; " period® surface Ay, [m?]  demand Qq, [k€Wh] demand Qg [kWh]
BC 2 17480 418,491 1,603,596
CO 2 11901 477,008 943,653
BP 2 10442 457,861 691,031
BS 2 10267 509,183 350,860
TCV 2 6095 318,209 2,067,675
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=PFL The energy system of EPFL
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=PFL The energy conversion system

= For each distribution system d (e.g. ht)

"
Demand: Q,, = Z Oy Vit € lifetime
Electricity £y, Electricity Ey,,qs., b
= For each unit u (e.g. heat pump}

nu
- . I 't : - — . v . .
Electricity Ep,,,, . Supply by unit u Z Quar = Qa, Vi E lifetime

= Cost of the supply
. Srilze of the conversion equipment :

u

Z max (Q'u,d,t): max (Qd,t)

t€lifetime t€lifetime

Power station
. bpy . by .
Epears = COPht,tZ Op.hes + COPlt,tZ Op.its
b b

mwater,t “cp - (TLake,t - TLakeReturn,t)

u=1

. Qu,max = Inhax (Qu,t)
t€lifetime
Lake water Ny N, lifetime .
_ Buy the resources : 2 2 ([ Crp Myt Qv di)
r=1 u lo

M |PESE
Industrial Process
and Energy Systems ',
Engineering




=PFL Energy conversion OPEX 5

lifetime

Z Z ( Crp My s QW - dt) [CHF/lifetime]
r=1 u

[

« ¢,, [CHF/unit,] cost of one unit of resource r at time ¢
= e.g. kg of water, kg of fuel, kd of fuel or KWh of electricity
« ¢, , < 0 for products (e.g. electricity production)
«m, ., lunit./kJ,] unit of resource r used to deliver one [kJ,;] of heat by unit u
at time
. Q'u,t [kW ] heat delivered by unit u at time ¢

« lifetime  [s] expected lifetime of the project



=PFL OPEX in [CHF/year]

= OPerating EXpenditure (we assume a typical year of operation) :

Npes 1y year

Cost of resources Z Z ([ Cop My, Q,,-dt) [CHF/year]
r=1 u )

+ Maintenance [CHF/year]

+ Men Power [CHF/year]
+ Taxes [CHF/year] :
fixed : e.g. based on installed power

Npes 1y, year
proportional : Z Z ([ by My Q.u,t -dt) [CHFlyear]
r=1 u

lo

with ¢.,  [CHF/unit,] tax per unit of r
e.g. tl",l‘ — TC02[CHF/kgC02] . mCOZ,r[kgCOZ/unltr]
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EPFL Calculating m,.,, [unit./kJ,,] for a Cogeneration unit

= Assumptions

Oy
_ Thermal efficiency : 77, , = _t = [kJ,lkJ ]
My
Ebt
_ Electrical efficiency : 77, , = — [kJ,/kJ]
mr,u
1
. mr,u,t — [k‘]r/k‘]l‘h]
nth,u
: How -
. Eu,t — ) Qu,t
nth,u
sssssssssssssssss 7)



cPFL Calculating m, , :

[kJ,/kJ,, ] for a heat pump : approximation

sink : CONDENSER Qsink = Qu,t = msink,t " Clsink (Tsinkout,, -
msink’ CDsinks Tsinkin sink,,,; Q
Vapor Liquid E — Ut
utr
CoP, .
. Ty Phivid.cond |
fluid,cond? uid,con
E \ COP,, =ncop- COPy, ,,
@ Pfluid,cond > Pfluid,evap Hecop = 50 %
T.
/ ; , COPth s sznf,t
fluid,evap> ~ fluid,evap o Tsink,t — Tsource,t T

Vapor Liquid-Vapor ,
Qsource,t = Myource,r * CPsource * (Tsourcem,t o
Tsourceom Msources €Psources Tsourcem . .
source : EVAPORATOR Qsources = Qur = Fug
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Tsinkin,t)

T. =
ST (T, )= In(Tyjn.

source,t — ll’l(T ) _ ln(Tsourcein’l)

sourceom,,)



Calculating i, . |CHF/kW ] for a heat pump

EPFL Oumas .

Sizing : condenser, evaporator & compressor
CONDENSER

msink, CDginks Tsinkin sink,,, Qu,t — Qsink,t = Mgink,t * €Psink (Tsinkom,t - Tsinkin,t)

Vapor Liquid

Qsink,t = mfluid,t ’ (h(z}luid,cond 1 Pfluid,cond,-n,t - h(Y}luid,condou,,t’ Pfluid,cond t)

mns outr»
° 7-]"luia’,cona," Pfluid,cond .
E \ A _ 1 | Qsink,t
condenser — max (( + ) Tty —T. Y — (Tpyi —T. ) )
Z‘Ellfel‘lme usmk ufluid,cond fluid,cond,t sink;p,t fluid,cond,t sinkoyt»t
@ P fluid,cond > P fluid,evap In(Tr1yia cona — Tsinkin,t) = In(Thyyia,cona = Tsinkpyt)
/ E__ = max (—Qu’t )
. . max
Tflmd,evap’ Pf luid.evap te€lifetime CcCoP .t
qui A = max (——+——) Do )
Va por quu |d'Va pOF evaporator t€lifetime  Ugpypee ufluid,evap (Tyourcegyst — Trivid,evaps = (Tsourcein,z — Tuid,evap.)

ln(Tsourceom,t - ]}luid,evap,t) - ln(Tsourcein,t - Gluid,evap,t)

T T

source,t * CPsource ( source;,t sourceau,,z‘)

T 7] T

source,,, source> CPsource source;, Q =m

source,t —
EVAPORATOR .
Qsource,t — mfluid,t ) (h(]}luid,evapom,t’ Pfluid,evapom,t _ h(]}luid,evapin,t’ Pfluid,evap,-n,t)

Qsource,t = Qsink,t - Eu,t
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PFL CAPEX energy conversion system [CHF/year]

= CAPital EXpenditure
CAPEX [CHF/year] = Z— iy, Qumas

u=1
. L |CHF/ kW] specific investment of unit u for size QO
U u.max
. Qu max — Max (Qu ;) [KW] size of unit u
’ t€lifetime
1 1

u,max

— = [year™!] : annualisation factor of unit u

"1, 1(,lifetime,)



=PFL Total Cost (TOTEX in [CHF/year])
= TOTal EXpenditure :

TOTEX |[CHF/year] = OPEX |[CHF/year]l+ CAPEX [CHF/year]

it assumes that the unit will be operated with the same power profile over
the lifetime of the equipment

We assume a mean year and the associated costs as being representative
of the lifetime of the project
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