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MINIMIZATION OF TRANSPORT AND DISTRIBUTION COSTS FOR DISTRICT HEATING

STUDY OF SPECIAL CASES

A. BARREAU (1.U.T DU MANS), R. CAIZERGUES (CEA), J. MORET BAILLY (1.U.T DU MANS)

I - TRANSPORT AND DISTRIBUTION OF THERMAL ENERGY

The transport and distribution of hot pressurized water involve
different sets of criteria and hence must be dealt separately.

1.1 - Transsort networks

Transport networks are carrying hot water from heat scurce (Pool-
type or PHR nuclear reactors, or fossil fuel plants) to fowns or jarge
industrial complexes which can use energy in this form.

They have, in general, few branches and large rates of fiow.
Towns and large industrial complexes are located at either junctions or
Terminations of the power transport networks.

Large diameter pipes (> 350 hm), some 5 or 20 or 30 kilometers
lorng are employed.

A hzat exchangzr and a pump are used to couple fransport and
distritution networks : figure 1.

We are supposing for calculations that each pipe of transport
network is indepandent with a pump.

1.2 - Heat distribution neltworks

Distribution networks have a great number of branches. Pipes have
spallar dlameters (< Z50 mm),

A singie pump is carrying hot water,

Storages are very importani. One or mo-e hot water storage systems
can be used in corjunction with tiag Trarspori nevwork. Suche oyster store
hot water in summer and red)sivicuta It Ir wiivist, waen needed,
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It is possible to use others hot water storage systems in conjunc-
tion with distribution networks : such systems store hot weter during
the night and redistribute it wheq needed.

2 -~ MINIMIZATION OF TRANSPORT COST

2.1 - Method's description

Transport network optimization consists of two parts :

a) Calculation of every pipe's rates of flow in taking into
consideration : '

- Energy requisrements (as defined by their monofonic power/
times curves) and flow temperature's diminution : AT to
junctions and terminations of transport network ;

Storage's presence ;

Variable cost of electric energy with season and time of day ;
Cost of source's thermal energy ;

Local fossil fuel plants.

A computer programme has been written to calculate rate of flow
in each pipe.

b) Pipe diameter's calculation for each branch.

IT is a simple calculatisn for transport nefwork : each pipe's
dieameter is calculated independently.

function is calcuiated by programme :

CT = CTO + A.DB (Least squere method)

k:-g=N a . Cy
Cy = / —_—
fe (1 | N
b=t F
with
PSRN
2 = : annual capital charge rate

(s DN -
| is discount rata
N is numbaer ¢f repayment vears.

b) Riscounting annual_cost of electrical ensrgy supplied to_

ho pump_and_repayment_cost ¥or pumns : €

T = Electrica! energy calculation P

Rates of flow Q are calculated for each pipe and for each po'ny
ni monotonic power/time curves. Flow's spced V is given by

Q
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p is fluid's density v2

Pressure drop = &P is calculeted as : AP =p ., A — ., L
2D

Friction factor L is given by COLEBRROK's formulation :

-

1 2,51 e/0
————— - Z zg +
sy Ry - Vi 3,72

€ characterizes pipe roughness.

Re is REYNOLDS number.

Pu, pumping power is given by :
Q. AP

Pu

n
n :.Pump efficiency -

Munotone curve of figure 2 have five branches for five costs of
electrical energy. Rate of flow/time curves have also five branches. For
each pipe, Pu is related to_Q by :

i Q
PuMAX ' MAX
Pu { Q ‘\ @
= /
Puax v Quax /
P and Q arc maximum pumping power and maximum rate of flow:
a s 3 it R, 3106 and'a# 2,75 if Ry 2. 105
(5t oL gt
7’
Ti PUMAX
. Electrical cost is equal to :
Nl
PUMAX - > ";'-: [ t';
=t

wi : elecirical energy unlt cost

2 - Constant cost of electrical energy
This cost is proportional to maximum pumping power.

Repayment cost for pumps
Pump's price i3 prosortional to maximum pumping powar and is
equai to : P'PUMAX : p, is cost of power unit,

]
Ny

Racayment cobt for pumps i3 @
a8, +p . PUMAX oG+ )

[}
with : a; =~
YooY
N1 is number of repayment years for pump.
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Discounted annual cost of electrical energy supplied to the pumps
and repayment cost for pumps is given by : \

AN A
Cp=PuMAX'\Z Hi.hi+b+al.p/
i=}
‘J’N

L
1

. . W.(j) . h.(j) +b+a p\).-—-——-——
CP Z PUMX(J)(> i i l/ (s i

J ¢ is ruﬂﬁ!ng numberadf yea}f

2.3 - Discounted annual cost for heat insulation system Cc

Cost for heat insulation is proportional to insulator volume
Sk !

Cc = 1T / ap. - E.MO+8B) . L. —
‘—~J'=| (1 + 1)

E is insulator thickness

Pe is cost of volume unit.

2.4 - Discounted annual cost for enerqy lost through pipe_insulation CP

S U —

Energy lost during time unit is given by :
20 . A . (T = Text)
n (1 + SE )
1 is Thermal corductibility. T is water Temperafure.'TexT is

surrounding temperature.

Discounted annual cost for energy lost through pipe insulation : C |

- ; G
Is equal 10 @ __j.N (T - Text) 1
) P2, AL — . LL 8760. :
Cq - Z W gn (1 +—22F) (s nd
— i1 D

- s T . T ——— —— T — - S - - - O W D - G5 = - - - e "o

Pipe diamater Dm and thermal insulator thickness Em which minimize
C are given by systoem :
aC oC
= 0 ———-— = 0 (for each network pipe)
an oE

D value is betwzen two real dismeters values of price's list
versus dismster D,
D; < Dm ¥4 Dj+1 (i = j, j*m

<
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D. value which gives the most little C value is chosen as pipe
diameter value.

3 - DISTRIBUTION OF THERMAL ENERGY

The same parameters are introduced into this program as in
transport calculaticns. The same method is used for rate of flow calculations.
But, mathematical methods of pipe's diameter calculation are different.

Two methods of calculation have been used :
- LAGRANGE's method of rundetermined multipliers
- BELLMANN theory (dynamic programming).

3.1 - LAGRANGE's method of undetermined multipliers

Distribution natwork has N branches and m terminations.

The difference betwsen pressure pump Po and pressure drop between 1
source and termination + pressure drop between termination and source APi
equals O.

- i=J
Po -3 APi =0 =f. (termination j)
B ’

In LAGRANGE's method, function :

j=m .
Pp=C+ a. .V is minimized
J J
J=1
aj (j= 1, m) are m undetermined multipliers. Ws have 2N + m equations
—_ __.ow, il o ,f.=0m
a, AE. J

i
and 2N + m unknonws : Di’ Ei and “j'

A computerized iterative method is used to solve system of N + m
equations with n unkuowns : programm Optal.

3.2 - Dynamic_programming_:_ODYN_program_ODYN

A computerized version of BELLMANN's method enables real minimum
costs to be calculated, pressure limitations, linear flow-rate limitations
and real pipe diameters, being taken into account.

The parameters inti-oduced are pratically the same a2s thoss of
the analyrticai malthod,

bt is possible to taks vhe future growth of the network into
sonsidusa”ion ¢ craation of naw branches, evolution of monotonic curves.
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Method's description : |f network is "optimum”, a part of network
from a junctic  is also "optimum™ : minimum operating cost.

Pipe diameter calculation : to first step of calculation, x vaiues
of pressure drop APi are given for branches directly related to terminations
(see figure 4 : branch j). Maximum APm is chosen. Values of APi are :

[
g, APy . 2APMAX P
» x-‘ } m-‘ ’..OI.’ mx
APi value is between APJ' AP‘PI corresponding to two successive
. .y " . 1
diameters Dj' Dj+l of pipe’s prica list ! APj < APi APj+i’

It is possible to calculate two pipe's lengths L., L. , corres-
ponding to D., D'*l diameters : branch j is made of two piﬂes J l., L.+‘
lengths L. and LJ‘] are given by : o

o, s =2
s J*
APj . Lj + APJ" . Lj+1 = APi . 2. L.

~ H 1 "‘..
Each branch has two pipes (lengths Lj' Lj+l' diameters Dj' Dj+l)
Figure 3 shows branch j. Brancihes issued from junction N are
known : x values of APi correspording to x minimum values of C are deter-
mined.

Fol lowing junction M is related tfo N junction by bramch j.°
x values of APK are given to N junction.

AP, is pressure drop from junction N fo termination + pressure
drop from termination to junction N.

For sach value AP _, it is possible to associate x values AP
and to calculate 8P, . = AP, - AP, : pressure drop from M junction to & Junction
+ pressure drop from N junction fo M junction, pipe's dizmeter and length
of branch j and operating cost C.

For sach value of APk, we have x values of C and we choose minimum
value of C.

For x valuas APk’ we have x? values of C and we keep w minimum
vaiues of C.

Each APK, APi, D
vaiuves are mamoriled,

L.

j? DJ+I values corresponding to minimum C

j’

When each branch directly rzlated to M junction are studied
(branch j and tranch m), it is possitle to study following junction L
(branch 2),

Step calculation is erdeus vhin *le last junction (source junction)
i studied.

veolous




-7 -

Ve have X minimum values of network operating cost. The most
little C and associated values : pressure drop to junc!ions, branches
diameters and lengih are memorized.

Following steps : pressure range - is reduced around
each AP associated to minimum C value (as shows1é|gure 4). Calculations
are bsgun &gain with new rangs of AP (x values) as far as pressure drop
convergence ‘o be ggod (15 steps).

4 - SOUE EXAMPLES OF COST STUDIES

Some transport and distribution nelworks are studied with
the corresponding computed programs :
- 52 branches natwork - 27 centimes (27 terminations)
-~ 287 brancnes network - 148 centimes (148 terminations).

’

4.1 - 52_branches_network (figure 5)

Minimum operating cost has been calculated by analytical method :
OPTAL program.

Proegram gives network characferisfics : rates of flow, flow speeds,
pipe's diameters, pressure drops C C C for each branch and for
network (total costs). ToTai :nveJTmpn? cosT Eumplng power, totai pressure
drop are also given.

in this example, maximum heat demand is 147 bW (127 kth/h). Hot
water is producad by poo! type nuclezr reactor (30% of thermal energy) and
fossil fuel plant (104 of tharmal energy).

Hot waier tem era»ure to source way out is : 128°C. Return
temperature ts 55°C. Total pipes's length is : 17,4 km.

Maximum distance betwesn soi,.ce and terminations s # 8 km.
. Heat +transpert cost is fourd equal to : 1,4 c/kWh (1,628 c/th).

Analytical method gives lowastoperating cost. But, it is not
possible to account for speed limitations and pressure 3;m|TaT|ons in pipes.
Intermedialte pumping systems are necessary to raduce pressure in pipes.

4.2 - 287 branches nefwork_
287 branchas network is studied for drstrict heating of town
of 200300 inhabitants,

Hot waler temporature (source wayout) is 170°C. Hot water
eturn fenperaiure is equal to 80°C. Totail pipz's length is : mini.aum
distenze celween nuree and terminations is  km,

Minimum oparating cost has been calculated by dysamic program-
ming mathod : COYN program (a tomputerized version of BELLMAMN'3 mathod.

Hot water is produced by poo! type nuclear reactor : 100 bW poucr
and forsii fual plant,
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Maximum heat demabd is : 245 MW,

Nuclear reactor gives 80f% of thermal energy. Complement of
energy : 2203 is given by fissil fuel plant when heat demand is greater
tian 100 MW,

0DYN program fives same outputs than OPTAL.

Transport cost of energy is found equal to 2,03 ¢/ kih (speed
limit 4,5 m/p).
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