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~ Research Background

® Definition of CHP(Combined Heat & Power)
» One of the Power generation system which can generate

electricity and heat
ST s B cooling or
I HOT WATER | E Heating
HEAT
@ o RECOVERY
UNIT

sl

Thermal Output BUILDING
4 OR FACILITY
SR  ENGINE OR GENERATOR [ PUWER GRID
TURBINE Electricity

* Source : http://www.dynamicenergyusa.com/solutions/combined-heat-power/

CHP System is very valuable system for
reducing Energy consumptions
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Introduction [ Jrep——
Research Background

® Combined Heat & Power(CHP)—S;stem is one of the
solution for using energy more efficiently

» High efficiency and low emissions comparing to
conventional Electricity and heat generation

6,851
i < 7,000
Conventional Combined Figure 2: Equivalent Separate Heat and Power Efficiency
Generation Heat & Power Assumes 40 percent efficient electric and 80 percent efficient thermal generation 5000 5,890
5 MW Natural Gas 80% ! il
Combustion Turbine 2
Pw Station Fuel 7595 1 L2 5000 | |
BUntsFual T : = - . 2
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EFFICIENCY 251\ E
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» Catalog of CHP Technologies, U.S. Environmental protection Agency CHP Partnership, 2008
+ A decade of progress Combined Heat and Power, U.S. Department of Energy, 2009

More efficient operating of CHP can reducing muchh
more energy consumptions as possible
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® CHP System performance variations by DH return
temper ature variations (System efficiency and Back Pressure variations)
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CHP Performance are varied by District Heat Return
Temperature variations
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. KOREA DISTRICT HEATING CORP.

® Condensing Turbine & Back Pressure Turbine

HP Network HP Network

HP Network HP Network

\ , IP Network
r
To HRSG(Feed water) To HRSG(Feed water)
DH Heater DH Heater
To DH Supply To DH Supply
Back-Pressure Turbine Extracting & Back-Pressure Turbine

® Back pressure type
» Don’'t required condenser(Cost | )
» Single(Double) pressure system

» Narrow range Control Heat &
Power ratio

» More easy control system than
Condenser type

» Power generation can varied when
the return temp. are varied

WA N GICON T 7

To HRSG(Feed water) To HRSG(Feed water)

( Condenser o Condenser
To Cooling Tower ‘ To Cooling Tower

Turbine = ﬂ LP =
IP Network

Condensating Turbine Extracting & Condensating Turbine

T

b b a S
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Combined Heat & Power
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® Mode Operations

MODE -1 (Heat Demand mode) ’ﬂ AA.0MW, 302600a/N12CINE) MODE —1I1 (Elec. Demand mode) d 515.5.0MW, 0.0Gcal/hi32°C J1Z) }

L js0c-75¢ I
' DHECO W “— DHECO
F (" Feedwater Tank )

. 103C—82°C

3.8kq/or, 230°C
Tank ) e
125kg/cm’ 517°C 126ko/cr, 537°C ST
n_ STG SSS
KPX 1 ‘
][1
| 30ko/an, 821%C 3.6ko/on, 294°C B1ko/ar, 340°C
120
26ko/on, SAAC 26ko/ar, 567°C
m—
D.H HTR Consumer
“ﬂ
70°Cc 65°C 46°C

103°c—82°C

MODE *V (Complex demand mode) "5 518.3MW, 302.86cal/h5'C J1Z) ] . Benefits of Mode oPerations

» Wide range control of Heat-
Electricity ratio
» Possible to respond for seasoning
R ol heat/electricity demands
=1 e > Possible to maximize revenue
LDHHTR | consumer » Securing Reliability of Heat & Power
w| generation
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. KOREA DISTRICT HEATING CORP.
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Heater =

and 2,100 buildings (13,000 substations)

*Customer side is not KDHC scope and many

problems have been happened in customer side
*KDHC supplying heat to 1.3million households
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lntroduction __e_ KOREA DISTRICT HEATING CORP.
| 7R¢siefarch Background -
® User return temperawre operafv'on status
(for 508 users in KDHC A branch, over 55 “Creturn temperature)

% 168 | 114 | 128 | 119 | 114 | 124 | 126 | 13.3 | 11.0 | 98 | 9.9 11.4.

@ Jan 2015 Daily user return temperature distribution
(A branch, 508 users)

6~19% return temperature exceeding reference (55 °C)

.......

. . - HE :
Reference Temp. ! i I
(55°) .~
------------------ i W & n H [ B L] L} [ u i n
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Research Objective

@ Analysis of the change of heat sol:rce performance and
opportunity cost according to user return temperature

Stepl : Analyzing on the effect that return temperature of each substation
influence to total return temperature
» Mathematically summarize the effect on the total return temperature
rise for the reference return temperature(55 °C)

, \ I )
v

Step2 : Estimate cost of power generation opportunity loss in heat source
with total return temperature change
» Commercial CHP Plant simulation Using commercial simulation

program(GateCycle)

h | )
v

Step3 : Analysis of effect of return temperature of individual users on cost
of lost electricity production opportunity of CHP
» Utilizing the operating data of A branch of Korea District Heating
Corporation
» 508 Substations (additional cost analysis of 115 users with a return
temperature of 55 °Cor higher)

s icedrle,
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Conceptual diagram of total return temperature calculation

T
S Substationl
T (User)
R1
DH Supply
Tsz Substation2
User
T., (User)
T
S3 Substation3
CHP Tes (User)
(DH supplier) .
4 Substation4
T (User)
R4

DH Return

Tsn Substation #N
(User)
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Derived equations of total return temperature calculation

@ Basic Equation

» Heat production : Q = cmAT
c: specific heat of DH supply water
m: mass of DH supply water
AT=(TsTg): Temperature difference between supply and return

® Assumptions

o - » Q ', excluding Qloss from Q, is equal to the sum of the Qi which
@~ Quoss = €' = Z % are used by the individual user.
- » Qs is not related to the result when analyzing the effect of
individual user's return temperature on total return temperature.

® The derived equation #1 .

Q= CM(rTS —Tp)=cm{(Tgy —Ty) ++em, (T, —T,p) M= zmi
i=1
=c E m;(Ts; — Tyi)

i=1

T.;: i-th substation Supply temperature
iy my(Ts; — Tyy) > PPy femp

=~ Tpg M T,;: i-th substation return temperature
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Derived equations of total return temperature calculation

® The derived equations #2 when the return temperature
of the i-th user is changed to 55°C

m(Ts; —Tyy) Q;

Qi = em(Tg; — T,;) = cmgs;(Ts; — 55) " Mgs; = (.55 " =55
. . cQ.
CM55;(Ts — Tg;) = cmy(Tgg —Tpq) + - + = = 25 (Tg; — 55) + -+ cmy,(Tg — Trpy)
C( Si )
. m(T.,—T : m,(T.,, — T
(Ts—Tg;) = 1l = ”)+---+ 13\‘ + o+ "(;I’? rn)
55i CMygs5; 55i

_ myTg + - +my T g + My T390 + -+ M Ty N Q;

Mss; cMcc;
_ mlTr]_ + .-+ mi_lTn-_l + mi+1T1'i+1 + .- 4+ mnTrn The T’:-dvab.l;l:hl:
M, / return temperature
s nomy(Tg; —Tp) —my(Ts; — Thy) Q; of the rest users.
~Tpi=Ts — , 4 <
Mss; M5,
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Derived equations of total return temperature calculation

® The modified derived equations #2
AT pssn= Ts < —99

n
Z 55 (i) r;;."‘mi]

=T5_ . | -,
g c¢.(T,,—55) N c (T, — -)+m*‘]

(] ]
L]

» When the return temperature of the i-th user is higher than 55°C,

v the return temperature of other users is adjusted to 55 °C to eliminate
the influence of other machine rooms(Fixed supply heat and
temperature, flow rate are adjusted)

v' We can evaluating Only the i-th user'’s return temperature impact.

v It can minimize the impact between the mechanical room, and It is
unaffected by ever-changing supply / return temperatures
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Raw data

® The Raw data of substations

Supply Status Using heat by
Date Supply | Return | Flow Rate | Supply heat | Customer
Temp. | Temp. (ton) (Geal) (Geal)
2015-01-01 107 EO0.6 ! 234,314 .1 13.215 13.215
2015-01-02 4 107 E0.0 222,756 12697 12,697 I
2015-01-03 1 107 .1 48.8 207 .869 12108 .1 12,108 1
2015-01-04 1 107 .1 47 .4 1 180.811 1 10772 10,772 1
2015-01-05 107 A6.7T 167.8384 .1 10,130 10,130 !
2015-01-06 107 48,2 189,776 11151 11,151
2015-01-07 4 107 49.5 211.6651 1 12180 1 12,130
2015-01-08 107 49,4 211.094 12150 12,117
2015-01-09 .4 107 48,6 1985.259 .4 11582 +~ 11.582 o~
R A ER | R | A R |
2015-01-24 107 4 46,7 155,229 4 9. 356 10,314
2015-01-25 107 46,8 162.003 9756 9,756
2015-01-25 107 46,3 152,310 9243 4 9.243
2015-01-27 1 107 .1 A7 T 179260 4 106837 1 10,637 1
2015-01-28 1 107 .1 48,7 194 . 755 1 11357 1 11.367 1 o
2015-01-29 107 47,9 185.850.4 10,975 10,9765
2015-01-30 107 A45.5 192.411 1 11.264 11.264
2015-01-31 1 107 49,2 204,245 1 11.814 1 11.814

<The Operating data of substations of A Branch at January 2015 >
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~ Raw data i} _
® The Raw data distributions

50.00%
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10.00%

5.00%

1.63%  1.21%
0.48%  0ops%  0o03%  0.03%  0.12%

0.00%
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Return Temperature distribution(°C)

<User return temperature distribution in January 2015 >
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Results
Influence of each substation return temperature

. KOREA DISTRICT HEATING CORP.

® Analysis on the effect that return temperature of each
substation influence to total return temperature

Flow rate Estimated total Total
when the return temp. Temperature
# of Flow rate | Supply | Return P- mp
sub Heat (m?) Temp Temp return temp. when only the i- difference
: . . adjusted to th user send over between real
55C than 55°C and estimated

43+ 39.4+ 251.2 +] 107+ 6072 TET.69 55.0191 0.0191

50+ A+ 88204 1074 57.12 246.15 55.0074 0.0074

55 15.4 ] 301.6 4 107+ 5594 296.15 55.0011 0.0011

56+ 143 295.2 | 107+ 5856 275.00 55.0041 0.0041

57+ 31.6+ 618.0 4 107+ B587 607.69 55.0021 0.0021

6G 6 ] 126822 - 107+ 5654 1,230.77 55 (0077 0.0077

TG 314 612.6 4 107+ 5640 596.15 55.0034 0.0034

82+ 21.84 436.2 +] 107+ 57.02 419.23 55.0035 0.0035

24 13.5+] 411.9 4] 107+ 7423 25%.62 55.0311 0.0311
106+ 17.24 592.7 4 107+ 7798 330.77 55.0536 0.0536
107+ 2.8 175.7 | 107+ 56.93 169.23 55.0013 0.0013
113+ 29.3 | 6142 | 107+  59.30 563.46 55.0104 0.0104
120 6.2+ 126.3 | 107+ 5792 119.23 55.0015 0.0015
123+ 6.2+ 1498+ 107+] 6563 119.23 55.0063 0.0063
124+ 0.98+ 25.8 ] 107+  69.16 12.85 55.0014 0.0014
125 1.17 ] 26.5 | 1074 6292 22 .50 55.0008 0.0008
129 32 6425 107+  57.20] 615.38 ] 55.0056 4 0.0056
120 33.24 656.3 - 107+ 56.26-] 640.38 | 55.0023 4 0.0033 4
T4 2.5 179.8 | 107+ 5973 16346+ 55,0033 4 0.0033 4
145+ 22.G ] 494.3 4 107+ 60.68] 440,38 | 55,0110+ 0.0110+
148+ 28+ 539.9 4 107+ 55.14-] 538.46 | 55.0003 0.0003 4
149+ 29.1 566.3 4 107+ 5562 550.62 550014 0.0014+
150 112.7 2254.2 107+ 57.01 2,167.31 55.0178 O017e

Joo | ;
VYV O 5

It looks very small difference but each substation
individually influencing to total return temperature.
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Results

Influence of each substation to the heat source
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KOREA DISTRICT HEATING CORP.

Units Simulation Results
55
Return Temp c 45 50 60 65
(Reference)
AReturn Temperature A -10 -5 0 5 10
APower Generation kW -983.300 -493.940 0 498.890 1,000.810
APump required work kW -136.889 -74.4783 0 90.612 203.5501
additional loss(total) kWh -1,120.19 -568.418 0 589.502 1,204.360
additional loss/day kWhxday -26,884 -13,642 0 14,148 28,904
o . (80won
Additional price/day -2,150,76 -1,091,36 0 1,131,844 2,312,371
/kwh)
o . (80won
Additional price/month Jkwh) -64,522,881 -32,740,894 - 33,955,315 69,371,142
w

For more information on the effect of return temperature on heat source, see the
107th IDEA Conference Material

WO HGIGON(T:
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Analysis of heat source power production opportunity cost

—_——

F N
=

Fitting Curve

w
=

® Simulation data

9
=

[y
<

=

—
=

!
S

Trend line equation : y = 10.098 x2 + 2,787.369 x
RMS Error : 0.9999

Additional loss(kWh X day) X 1,000

&
S

0 2 4 6 8 10
AReturn Temperature( C)

<Variation of power generation loss according to return temperature change>

IDEA 2017(108t Annual Conference) - Sustaining Our Success
WIVIWAANGICONT: 22 June 26 ~ 29, Fairmont Scottsdale Princess, Scottsdale, AZ
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Analysis of each substation’ additional cost by return temperature
# of sub. A:rfe;;g :::;’:g) Op, ‘:: ::"(mv;z )' 0ss Basic cost(Won) "::;::(5;39

4900 {3054 2,055 600 1,652,906 . 127.0224 4
4754 {1928 1,376,042 T.421,726 15.5424 4
4724 L1675 1,158,924 12,393,171 4 9.55%248 4
237+ 00672 464 7491 6,329,606 T.34%248 4
475 {.0474 327,503 5609472 508554 4
106 {L0E68 254,221 1,153,968 214754 4
& (L0237 163,503 1,121,216 1457240 «
366 L.0166 114,507 2,062,650 44724
S {.0152 105,084 1,521,193 69124
206 .01:1 G251 1422974 6. 3424
1500 00114 TR, 740 5,149,242 1.53%6 .
297 0.0106 73,055 2,725,465 26824
274, 00101 0,147 952,067 T7.5228
175 .0101 64,4594 4.013,316 1.73%46
471 00100 603,924 921,926 74524
ARG 0 00097 67,397 1,509,559 44694

<Opportunity loss cost of each substations>
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Analysis of each substation’ additional cost by return temperature

@ If all substations sending return temp. as reference
» $330/day savings in heat source

» About $6,600/month opportunity loss cost can be
eliminated (considering 20 working day)

» About $79,200/year opportunity loss cost can be
eliminated

» Considering 18 branches
$1.4million/year can be

250

v = 6,921,140 x - 237
R:=1

g

]
saved 0 N
» It is same as 8,400ton/year :,,
CO, reduction effect S

® Consumer's data

—Trend line(Curve fitting)
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35

Temperature difference between Excess return
temperature and reference temperature(°C)

IDEA 2017(108t Annual Conference) - Sustaining Our Success
WIVIWAANGICONT: 24 June 26 ~ 29, Fairmont Scottsdale Princess, Scottsdale, AZ



KOREA DISTRICT-HEATING CORP.

Conclusion




o KOREA DISTRICT-HEATING CORP.

Conclusion
—\_

® During this research,

» Analyzed on the effect that return temperature of each
substation influence to total return temperature

» Estimated Influence of each substation to the heat
source

» Analyzed CHP's power production opportunity cost

» Analyzed each substation’s additional cost by return
temperature variations

® If all users are good user(means that every user send
return temperature as reference temperature)

» $330/day = $6,600/month = $79,200/year are saved
(on each branch)

» $1.4million/year = 8,400ton/year CO, reduction
(Considering 18 branches)
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Thank You for Your Attention!
Any Questions?

KDHC Research & Training Institute
Senior Researcher Jong Jun Lee (Ph. D)

E-mail : [leejj1023@kdhc.co.kr
Office 1 +82-31-8014-9628
Cell 1 +82-10-4844-7247



