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Technical Pathways and Economic Analysis of Renovation for Aging Pipelines in Primary
Heating Networks
Limei Liu
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[Abstract] This paper takes the renovation of aging pipelines in primary heating networks as the research subject,
systematically reviewing current mainstream renovation technical pathways, including complete replacement,
localized repair, trenchless renewal, and intelligent monitoring—assisted decision—making methods. Combining
engineering cases, it provides a comparative analysis of their applicable conditions and technical characteristics.
Building on this, a full lifecycle cost (LCC) model is constructed to evaluate the economic performance of
different renovation schemes across multiple dimensions, such as initial investment, operation and maintenance,
energy—saving benefits, and environmental externalities. The research results indicate that for high—risk areas
with high leakage rates, complete replacement, though requiring substantial initial investment, ofters significant
long—term benefits. For medium— to low—risk areas, trenchless repair combined with intelligent monitoring
achieves an optimal balance between cost and benefit. This study aims to provide theoretical support and
practical guidance for heating enterprises in formulating scientific and rational strategies for aging pipeline
renovation.

[Key words] Primary Heating Network; Aging Pipelines; Renovation Technology; Trenchless Repair; Full

Lifecycle Cost; Economic Analysis

518

P A HGERIE AL TS & T E B 7 3, R — Ik 1157
IR T At & A B . 20 2080 AR MR i L
Il T £ R R R ST LR, KR — Ik R A R T L R T
PO T o (HZ 29I PR L2 i AR S s 4 KPR, i
BEUH dr 2 9 15-255, B R il 0 i A% R A2 20234 %, 42
LR TG 45 75 B, IRAGEB204F- 1) 2 IH 1 o LI 30%. X4
I ) REBUA, AR AR, B i 20%, I8 R, S E RO
AR ST A 4, HIERORRRERIR %, BOg e EfE i A

I, ZIHEMISOE TR TR Pk, G IR % 4
T, B AR AR, BB e B S AT B, AT
o R R 1 A

1 HHR—RMZ HEEEERES X FIE

1 1B

R R AL AR R kB P BE R
JEE bR A2 IR o SR LA M KA g 38 R PR SR A X I, R ke
I, GRS LY . R RRE R REERRK S
WK G T 7R BT, HDPEAMPE L FEUK MR, AR IR M

Copyright © This work is licensed under a Commons Attibution-Non Commercial 4.0 International License. 133



Engineering Technology Development

T AEBMARER
FHOoLOE 11 HeA 1.062025 4
EEAL BTG (ISSND: 2737-4505(P) / 2737-4513(0)

BEKIE R, =REM: MIETI%. FmmiRalid ik /e H
SEUEEL M SCRRRAL, BN 5] R IR ST R ME R R . 1Y
BN RIS ESE L ERE T ZANN, KRG ER
FEE R

1. 2R 45 20 %14y

PG B AL B THFRiE) (CJJ/T34-2022) K SEbriz
TTHR, T2 A B RS S R o =2

AR X s AR ER > 5%, AR R =24, TRIR > 20%,
PrFFEFIES A OEEX;

R I IR ER2%5%, 15 R Mk, Fd510%—-20%;

TR IX : TR ZR<%, B TR E, AdH<10%,

A 8 4% T 5 T s R R R S AR e AT

2 ZHEEMEFERAREE

2. VAR 2 E 1)

AR IR P50 R |H & T8 2 oo BOF 2 4R Bk, &
HTECR R A BT b o 0 2L T BRI, (R SR ] AR
PERS . CERSEHYB . %07 LRSS DA 1Y Bk S st B
R, BT T T R AN B AN A DR 45 4 B M e T B A A1
P, Wit e iIE304E L b, HARB RIS, PRk R T %
HIZES% LA o th4h, EES PR NN E LB 1T R GRS
HPESRAE T IR, B LB AR X B A AR S 2
B, BB E TR ERERE . T i A A
S, NE S B AICT G @ R B R R RE Y AR, AR
e Ry R (R 5 5 BRAE AN v, — RAE 1500323000 7T /2K 2 [H] s
i TR, TS T E L, W30 5 E R A G
BEKT M 07 LXK bk (R X i & 2k 3 R X,
FEAZAE Ml 22 THI G V5 St FF PRI 5% R, 2R B R s
TR R E T 2R BN NI T BE TR 2 X

2. 2JRIBE GFHZEAL)

JREAE R — R 2k A TR SOk I HH 7 R S A B
IS RN e, 8 @ I NS R T, DIRRARINE a FE
B BT DA ¥ o 1% TR RS L WA SR, BRI R A
AAX B, —MAES T R 1075 62 1], & T 58 R ) odi 4k
B O, R e AR BJE T sk BRI s
IS SRS, Tk R A 2R R A M B, T T BB TR 2 IR AB AR
ToR “*T 7 W, BAE RSB BARTT S . Hhah, B RHE T
B KRR R R TSRS F =2, M LMRIES T TR
RSN SR E M K IRE, MK RSB EA R
A B, BT REME R TR )2 B TE RS . BRI, AR EAE A
IR PP X 355 A 2 B 10 1 T Ach 3 B, 7 % B X I B 11
MR R, NEAEN RGOS R

2. JARTFHIZBEEA

NFLRAE RFFFEE NI BN R AR w55 s, JEFFH215
AR T A SRR IR ST M . o, 5 vk
(Sliplining) /& H A BN B AR 2 —, HFEHEZE/NER
BR3P BB AY (BTPE-RTT T2 3 ik 2% 5| Bk 75 2 A IH

PE NI, TR “EHRE” BEEN. EELTRKHRAZ,
Jite A A, S b TR A @ At N Wi AR, B RA LR
VDTS5 b e R L 2 1) (R 2 B o RS IR AR AR TR AR A /s G
1> 10%-15%) , (FEE K I EAZ HRA AR, 28RS L
WL ESR . JRUALIE G (CTPP) AR i 448300 &2 HI T K 4%
15K BT, T i PR IR Ao R B 5 B AR e v G R 5
W, H AR — RN R D . RART S, S EARRIY)
UL 249 N S A4 B H 1K60% — 80%, 1EL T 545 0% A _E 4 2 iR
SRS AR, R 3 T R XU IX 5 238 3 F1E T 5 B 5
AR RS TF2 2 IR BL, RSPl “/D IR PRI, T Hrg:”
B0 H bR E B AR IE T

2. A6 e 0 55 S

BT B E TR TE R, BUANE BRI K R v IR
WA BRER (L TR 0 BB o 8 IR E o A OB LHIE R 4 (DTS)
MRS B . LR IE ) /5 A B S e I 5 4%, AT
78 o A UK SET M 2% o 3 AT SO ARV B BOK, AEfB Ll +
LR AR 5 T S8 R il P32 5, R ) RS s R e
S BT AR T e T P A I R SR AE, SIS N IR 7 B 5 4
EHEEE R R4 (G1S) SR UE BBA (BIM), & nl g 57 8 728
2o o N v 1Y O N T T N K= A B VA 1 B e S vt
T JE . AR BB MR AR B R B B U B A HUIRAS, (H LR AL
R LR W] B E RIS AR, K R A R IR, N
RS R FRIE . R, AR RN HA
HARMAE JAN T, HESMERM RGN “HFHE8 7 W “ FHFT TR~
A,

3 MEAREFES RS

3. 14 Ay R A (LCC) HEE

FEGE TN 2 FENIIR I T, B IBAT AR . A SR
FHLCCAEAY, Jime DL PR

LOC=Ciri 51+ Coperationt Cuaintenance=Benersy=Bens i rommen

Hr:

Cinteior:  DIE TARELHEREE (MPRL L. B4

Coperacions  1BAT REFEA (= ZLRIEIE L) ;
mintonncet 10 - 204E4EME . 153,
enerevs R DR SUE 717 SR B0 19 BB B 4T AL 7 5
environmenc: DRUBCHE~ 98/ 7K BRI B SR RSB A 1k A A (T

o

B
B

3. 2B M E 5 R B b
K1 SHEE

% Bok# *””éff’f;ﬁ(ﬁ * "gﬁg’;m‘ IR it
A RN E) 280 8 35 30
B AEFF4% 2 (PE-RTII) 190 12 28 20
c JR S S+ e 60 25 10 10(f=F 4t it

134 Copyright (© This work is licensed under a Commons Attibution-Non Commercial 4.0 International License.



Engineering Technology Development

TAEBARERE
B 6EeN 11 WA 1.0620254F
EHFA: W TS (ISSND: 2737-4505(P) / 2737-4513(0)

PAREIL 7 39 HTDNA00— IR 8 B (4 B 1km) R3], MRA%224F,
TRBRERA. 5%, FL8%, R PE R X o St bk = AT &

T L 2R B 5%, 70 BT 204 o

TR T RLCC AL TTIT) -

20
N 835
T %A LCC,\:280+271z2807336:756
T
L. (1+0.05)
= 12-28
TFEEB: LCCy =190+ Troosy = 190-199=-9
=1
G 25— 10 o 40— 5
J7ZEC: LCCe=60+ ~ 60+ 116+269= 445

(170.05) "2 (1+0.05]
t=1 =11

(F: SBFRBRH KK, i LT

a5 R

77 ARG ey, (HLCCOy A, 2 W4 Ja 049 ii A
Ky TTRBAFHER L, EE T A RERAERKMSEERLHE; 77
TR A, (HA 4y H H, LCCR M TRl E . %
JEBRAE 5 i (126078 /WC02) , J7 SEASFE IR 2T 12000, 4 K1
7. 27378, AR

4 BUIREIWNS EHERM

4. 1 By Rt S

ST INEE RS ALK 22 57 1, 208 TAR R IR SR
M~ ISR R o 0T i UK X, e T BER
RO A RBETT i, LS 2 HERE AR T 48k, A0 NI T Al 8 it B
BT PR 17 2 Ve Tl A R PR 2 A IR o v DXL [X 35k )
AIHEST “ARIHZIE R AR RN AL AR, LR AR )
I B PR T AR GU AT S, BRSRIT H AR AR S R B0 A6 5
T DU T A ol T FRO RN S AR o AU DX T A R T R
i, RTE I N5 H R e S B I, shA AR, &
HHE LR UG I 7, AT AL B R 5 < i B 20 o X o SR E AL
i B e PR s B DX 22 4, SCREIRE B — J) 1) i B BRI 9%

4. 20 Bt B AL

T A3 BE < i SR K5 3t 05 WU ) A7 I BLSE P T, &
FIRRZ OB R . SR BERE 2 (BMO) BB A,
B p e ol 7 RE R 55 2 ) i BE SRt A, it Al DU O3 T
RESC R 7SI ST AR 35 B, KB “ Fupfront# 5t 7, B4, WK
AT SRR B SR SRR BT A BT &, R A IR SO T H

NGRSl SR H s b5 BURFIE Al (G W 3 5 3% 1H
/N DX S0 3R T SE AT B AR EOR TR HRGR, i 8 AR DG L IR
&, T RRIBUR & 71 B WL BT, B 2GR Al 0 &5 T,
BRI ST

4. 35EFH I S H AR R

MEY, EFFIAS AL R R S T AR A A BT
B Z Gt — B ARARE S S BORTE, H120 7 H A T
EHRT TN e (R B IR S E AR , WA R
fe. ML L2 5 REsRHER. RN, @i T 2R S
L IHE P B RS PR S R bR R, SEDURS Ak 5 3h A& T shAt,
PIHESIPE-RT T B PR 4R i il o 1 JE3 bl 284 2 4 /6 — IR o
1 TRERLHAE, FTREAE G “MEANET 1 IEARTUE, ki
BT 2205 3 T o S B A 51 A0 R G U SR B, A 3
ST SR HLAVER I BB R AR AR R

5 #iE

Pedh— IR 2 [H B8 BSR4 1T R
MRS R SEL ORURR” RN H AR B BN AR B,
AR AR A3 FH 1D 5 A T e B, (E AR
BB, KIAGHF SHtaam o B3, EH TR R ET24; 4k
THEBE EAEPE /N B M HE iR 3, oy KU (X
Sl P B AR T RS A B A R RN 78, AN EAR N R G
g . FEZBFEEAN T I, 42E A B A (LCC) AR AT R 7R
T ORI mIEgE” T RHIBRERAY, IR NI A 4%
WS, AR, BAHER R REA NI 5 Y S IR B R, A <R
il — RN — a5 — S — JE VPR I R AR R, S
AEAN A R G BB T A, AR e 4 Ak SRl
FRAGIE Tt R SRR IR St

(&% k]

(130 STk ik 2h 22 4 o W 00 4 4R B o B R Rt L[],
B AR B 7 §,2020,(10):28—29.

21k 4K, B A & A 8 W3 Ak B R A i R AT L.
#,2019,38(01):113-114.

RIE MW AAW HRE K. ANEEMEE P g Nk E
KA F 5] 241013 #£,2021,40(08):36-38.

(41T & i G P W sk A SE B [01. B 4,201 8,(22):1.

Copyright © This work is licensed under a Commons Attibution-Non Commercial 4.0 International License. 135



