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ABSTRACT

This study was conducted to promote consumer interest in Geothermal Heat Pump (Ground
Source Heat Pump, GSHP) and district heating and cooling (District Heating & Cooling, DHC)
systems, which are competing with each other in the heating and cooling field. Considering
not only the required cost data of energy itself, but also external influence factors, the optimal
mix ratio of these two energy systems was studied as follows. The quantitative data of the two
energy systems was entered into a database and the non—quantitative factors of external influence
were applied in the form of coefficients. Considering both of these factors, the optimal mix
ratio of GSHP and DHC systems and minimum Life Cycle Cost (LCC) were obtained using
an algorithm model design. The Optimal Energy Mix of GSHP & DHC (OEMGD) algorithm
was developed using a software program (Octave 4.0). The numerical result was able to reflect
the variety of external influence factors through the OEMGD algorithm. The OEMGD model
found that the DHC system is more economical than the GSHP system and was able to represent
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the optimal energy mix ratio and LCC of mixed energy systems according to changes in the
external influences. The OEMGD algorithm could be of help to improve the consumers’ experience

and rationalize their energy usage.
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Table 1. LCC analysis of GSHP and DHC systems in public buildings
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(Thousand Won)

Category GSHP(A) DHC(B) Dl(féejzr;ce éa/t;c;

Initial Investment 4,716,000 1,299,575 - 3,416,425 28%
Energy cost 2,805,959 2,146,922 - 659,037 T1%
OM&R 924,231 343,518 - 580,713 37%
Environment cost 2,590 5,525 2,935 213%
Total 8,448,780 3,795,540 4,653,240 45%
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Fig. 1. Comparison of LCC for GSHP and DHC systems in public building

Table 2. LCC analysis of GSHP and DHC systems in apartments

(Thousand Won)

Difference Ratio
Category GSHP(A) DHC(B) B-A) B/A)
Initial Investment 2,500,000 610,316 - 1,889,684 24%
Energy cost 1,442,474 1,609,540 167,066 112%
OM&R 360,895 60,347 - 300,548 17%
Environment cost 2,186 2,553 367 117%
Total 4,305,555 2,282,756 -2,022,799 53%
5,000
{ Thouzand won)
4,000
5,000
OGSHPIA) = [HC(B)
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1,000 ’_I
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Fig. 2. Comparison of LCC for GSHP and DHC systems in apartment
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Table 3. List of external influence factors for OEMGD algorithm

External influence

factor Explanation
P e Renewable Energy Use (obligation?) coefficient
range : 0 ~ 0.5, integer number, default : 0.1
Decision maker’s renewable energy (GSHP) adoption ratio coefficient.
O \RE range : 0 ~ 0.5, integer number, default : 0.1
GSHP Use decision coefficient
Social Request level for renewable energy (phase 1, 2, 3, 4)
SR NRE

(1 : high request 2 : moderate request 3 :

low request 4 : refusal of renewable energy request)

Ener TAX GSHP

Tax coefficient for GSHP system relating tax policy

0 ~ 99% : tax reduction, over 101% : progressive tax

Environment Risk coefficient for GSHP system

Envi ER gspp range . 0 ~ 1, As environment risk allotment of government can be different from real
environment risk cost, coefficient was adapted for real cost

Technology Risk of Maintenance and repair cost in GSHP

MR TR Gsp

-1 ~ 0 : cost reduction due to technology progress

-1 ~ 0 : cost increase due to technology side effect

Ener TAX DHC

Tax coefficient for DHC system relating tax policy

0 ~ 99% : tax reduction, over 101% : progressive tax

Environment Risk coefficient for DHC system

Envir ER ppc range : 0 ~ 1, As environment risk allotment of government can be different from real

environment risk cost, coefficient was adapted for real cost

Technology Risk of Maintenance and repair cost in DHC

MR TR ppc

-1 ~ 0 : cost reduction due to technology progress

-1 ~ 0 : cost increase due to technology side effect
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Table 4. Symbols of LCC cost for OEMGD algorithm
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Symbol Annotation Symbol Annotation
GSHPiorat 1cc - GSHP total LCC I MRI[  Initial Investment of Machine Room Instrument
DHCorat tcc DHC total LCC I MRP TInitial Investment of Machine Room Pipe
7 Initial Investment cost 1CS Initial Investment of Control System
Ener Energy cost I GHE Initial Investment of Geothermal Heat Exchanger
MR Maintenance and Repair cost [ GHP  Initial Investment of Geothermal Heat Pump
Envi GSHP Environment cost tot Total
MIXR ngp Renewable Energy Mix Rate unit Unit
LCC unr LCC of Unit area HE Heat Exchanger
GSHP; crp GSHP Initial cost ER Environment Risk
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Fig. 3. Network style data model
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Fig. 4. Quantitative cost factors and network style data model

Concept: : “CCrotar: LECuna = At1 | LOCrarar: x = A: 1 LCC unit=I unit + Ener unit + MR unit + Envi unit + D unit
LCC, B B
x = el Uni Unit MR gpitemi _UnitD
o x = LCCynie L 4

LCC_total= I_total + Ener_total + MR_total +Envi_total+ D_total

I total MR

total
Ener total
I |
|

D total

Envi total /I\
/[\
| T

2 floor building
(total area= A total m?9)

The building with GSHP&DHC energy mix system

Repair cost, Envi cost & Disuse cost for total area in building

LCC Total Cost : Sum of I cost, Energy(Fuel) cost, Maintenance and

1m
Unit Area
(A_unit =1 m?)

1+ floor

Service Building Unit Area supplied by GSHP & DHC Energy mix sys.

Unit Ares Cost : Sum of unit I, unit Ener, unit MR, unit Envi, unit D

Fig. 5. LCC cost of the unit area (1 m)
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Table 5. Calculation of LCC cost for OEMGD algorithm

OEMGD Basic Formula (Standard Service Area & Unit Area)

GSHP total LCC =
GSHP unit LCC =

GSHP I tor LCC + GSHP Ener tor LCC + GSHP MR tor LCC + GSHP Envi tor LCC + GSHP D ror LCC
GSHP 1 unit LCC + GSHP Ener unit LCC + GSHP MR unit LCC + GSHP Envi unit LCC + GSHP D unit LCC

DHCowr 1cc = DHCr wor 1cc + DHC goer 1o 1cc + DHC mr o 1cc + DHC Envi o 1cc + DHC p o 10
DHC i 1cc = DHC 1 i 1cc + PHC prer unic 10 + DHC g wnie 1cc + PDHC gnvi anie 1cc + PHC punie 10c

GSHP System Basic Formula (Standard Unit Area)

GSHP 1 wir 1cc =
GSHP Ener unit LCC = GSHP Ener unit LCC
GSHP sR wnir 1¢C =
GSHP Envi unit LCC =

GSHP I unit GHP + GSHP I unit MRI + GSHP I unit MRP + GSHP I unit CS + GSHP 1 unit GHE

GSHP vk unie e + GSHP Mg unie mrr + GSHP v umie vrp + GSHP g unie ¢s + GSHP MR unie: GrHE
GSHP gavi unie sox + GSHP Eavi unic Nox + GSHP Envi unie puse + GSHP Envi unie co2

DHC System Basic Formula (Standard Unit Area)

DHC] unit LCC = DHC] unit HE + DHC/ unit REF + DHC I unit MRI + DHC I unit CS + DHC/ unit CD

DHC Ener unit LCC = DHC Ener unit LCC

DHC MR unit LCC = DHC MR unit HE + DHC MR unit REF + DHC MR unic MRI + DHC MR unit CS + DHC MR unit CD
DHC gii anic 16¢ = DHC gi anie s0x + DHC gy anic Nox + DHC gvi- unie Duse + DHC' Fai- unie 02
DHC D unit LCC = DHC D unit HE + DHC D unit REF + DHC D unit MRI + DHC D unit CS
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For i=1:10000

GP_NRE=fix((0 + (0.5 -0)*rand())*1072)/1072;
alpha_NRE=fix((0 + (0.5 -0)*rand())*1072)/1072;
SR_NRE=randi([1,4]);%SR_NRE
MIXR_NRE=(GP_NRE+alpha_NRE)"SR_NRE;:
Ener_TAX_GSHP=fix((0.7+ (1.3 -0.7)*rand())*1072
)/1072; %Ener TAX_GSHP(0.7~1.3)
Envir NER_GSHP=fix((0+(1 —0)*rand()*1072)/1072;
MR_TR_GSHP=fix((-1+ (1 +1)*rand())*1072)/1072:
Ener_ TAX_DHC=fix((0.7 + (1.3 -0.7)*rand()*1072)/10™
2; %Ener_ TAX_DHC(0.7~1.3)
Envir NER_DHC=fix((0+ (1 -0)*rand()*1072)/1072;
MR_TR_DHC=fix((-1 + (1 +1)*rand())*1072)/10"2;

end

Temp_systems=[GP_NRE; alpha_NRE; SR_NRE; MIXR_NRE; -
Ener_TAX_GSHP; Envir NER_GSHP; MR_TR_GSHP; -
Ener_ TAX_DHC; Envir NER_DHC; MR_TR_DHC]I;
OEMGD_systems=[OEMGD_systems Temp_systems];

Fig. 6. Example of OEMGD algorithm Pseudo-Code using Monte Carlo method
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AL A ~ CollA] QJF RS GP(HFAA)e] E1
el wah AR NAA] zn]go] dEEkal o

Table 6. Results of six scenarios with OEMGD algorithm

Scenario Result
MIXR nre VALUE
Scenario A = 0.00038526
GP \re 0.14 LCC unit VALUE

Ener tax gsur 1

Ener tax puc 1

= 242.42
(Thousand Won)

« wre VALUE
= 0.0004

Scenario B
GP \re 0.2

Ener tax csmp 1

Ener tax puc 1

02
MIXRINAE)

MIXR nre VALUE
= 0.0016193

LCC unit VALUE
= 242.56
(Thousand Won)

(! NRE value

= 0.0006

03
aphalNRE)
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Table 6. Continued
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Scenario Result
MIXR nre VALUE
Scenario C = 0.0081216
GP \re 0.3 LCC unit VALUE

Ener tax csmp 1

Ener tax puc 1

= 243.33
(Thousand Won)

(! NRE VALUE
= 0.0002

Scenario D

GP nre 0.14

Ener TAX GSHP 0.7

Ener TAX DHC 09

MIXR nre VALUE
= 0.00038636

LCC unit VALUE
= 225.33
(Thousand Won)

a wre VALUE
= 0.0002

Scenario E

GP nre 0.2

Ener TAX GSHP 0.7

Ener TAX DHC 09

MIXR nre VALUE
= 0.0016128

LCC unit VALUE
= 225.45
(Thousand Won)

a wre VALUE
= 0.0004

Scenario F

GP 0.3

Ener tax csnp 0.8

Ener TAX DHC 095

04
MIXRNRE)

MIXR nre VALUE
= 0.0081433

LCC unit VALUE
= 234.65
(Thousand Won)

(! NRE VALUE
= 0.0004




OEMGD €12I55 0|18

ro
il
i
i

o
olo
bt

Table 7. LCC Data of GSHP and DHP energy system in buildings
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(Thousand Won)

System Initial Investment Energy cost Maintenance & Repair cost Environment cost
D GSHP DHC GSHP DHC GSHP DHC GSHP DHC
1 143 69 69 51 73 24 9 10
2 143 79 139 183 74 28 4 5
3 159 82 118 161 83 29 14 16
4 107 58 81 92 54 20 4 4
5 108 33 68 39 53 11 7 8
6 148 46 79 29 76 16 6 7
7 98 22 64 29 52 5 2 3
8 190 58 132 70 96 20 4 5
9 37 18 39 42 18 6 1 1
10 128 70 52 25 67 25 6 7
11 128 49 53 35 65 17 6 6
12 95 35 43 29 48 12 4 5
13 108 38 46 24 54 13 6 7
14 142 42 53 32 74 15 6 7

OEMGD_systems=[ 0; 0; 0; 0; 0; 0; 0; 0; 05 0l;

for i=0: 0.0001 :0.5
GP_NRE=0.14; %GP_NRE
alpha_NRE=i; %alpha_NRE
SR_NRE=randi([1,4]);%SR_NRE
MIXR?NRE:(GP?NRE+alphafNRE)ASRfNRE; %4
Ener TAX _GSHP=1; %Ener TAX_GSHP(0.7~1.3) %5
Envir NER_GSHP=0; %Envir NER_GSHP %6
MR_TR_GSHP=0; 9%MR_TR_GSHP %7
Ener TAX DHC=1; %Fner TAX DHC(0.7~1.3) %8
Envir NER_DHC=0; %Envir NER_DHC %9
MR_TR_DHC=0; %MR_TR_DHC %10
Temp_systems=[GP_NRE; alpha_NRE; SR_NRE; MIXR_NRE; ---
Ener TAX_GSHP: Envir NER_GSHP: MR_TR_GSHP; ---
Ener TAX DHC; Envir NER_DHC; MR_TR_DHC];

OEMGD_systems=[OEMGD_systems Temp_systems];

end

size(OEMGD_systems)

%%OEMGD_systems(:,50002)

OEMGD_systems(:,1) =[1;

OEMGD_systems(:,1) =[1;

size(OEMGD_systems)

DHC_Unit_I= 54.260; %fix((18 + (82 -18)*rand()*1072)/10"2; %DHC 1
DHC_Unit_Ener= 170.79; %fix((24 + (183 -24)*rand())*1072)/1072; %DHC_I
DHC_Unit MR= 6.5700; %fix((6 + (29 —-6)*rand())*1072)/10"2; %DHC_MR
DHC_Unit_Envi= 10.750; %fix((0.92 + (16.1 -0.92)*rand())*1072)/10"2; %DHC_MR

GSHP_Unit_I= 152.75; %fix((37.43 + (189.7 —37.43)*rand())*1072)/10"2; %GSHP_I
GSHP_Unit_Ener= 133.47; %fix((39.19 + (139.26 —39.19)*rand())*1072)/10"2; %GSHP I

Fig. 7. Algorithm code for scenario A (GPNRE = 0.14)
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GSHP_Unit. MR= 71.740; %fix((18.34 + (96.19 -18.34)*rand())*1072)/10"2; %GSHP_MR
GSHP_Unit_Envi= 3.0600; %fix((0.79 + (13.77 -0.79)*rand())*1072)/10"2; %DHC_MR

OEMGD_LCC_systems= [1;
for i= 1: 1: 5000

GSHP_temp = OEMGD_systems(4,i) * (( GSHP_Unit_I) ) + (OEMGD_systems(5,i) * GSHP_Unit_Ener)
+ (GSHP_Unit_ MR + OEMGD_systems(7,i) * GSHP_Unit_MR) + (GSHP_Unit_Envi +
OEMGD_systems(6,i) * GSHP_Unit_Envi)) ;

DHC_temp= (1-OEMGD_systems(4,i)) * (DHC_Unit_I) + (OEMGD_systems(8,i)) *
DHC_Unit_Ener) + (DHC_Unit. MR+ OEMGD_systems(10,i) *
DHC_Unit_MR)+(DHC_Unit_Envi+OEMGD_systems(9,i)) * DHC_Unit_Envi) );

temp=GSHP_temp+DHC_temp:
OEMGD_LCC_systems=[OEMGD_LCC_systems, temp];
end
size(OEMGD_LCC_systems)

OEMGD_LCC_temp= [OEMGD_systems ; OEMGD_LCC_systems];
size(OEMGD_LCC_temp)

OEMGD_LCC_plot3_X=[];

OEMGD_LCC_plot3_Y=[];

OEMGD_LCC_plot3_Z=[];

for i= 1: 1: 5000
x=OEMGD_LCC_temp(2,);
y=OEMGD_LCC_temp(4,1);
z=OEMGD_LCC_temp(11,);
OEMGD_LCC_plot3_X=[OEMGD_LCC_plot3_X xI;
OEMGD_LCC_plot3_Y=[OEMGD_LCC_plot3_Y yl;
OEMGD_LCC_plot3_Z=[OEMGD_LCC_plot3_Z zl;

end

size(OEMGD_LCC_plot3_X)

size(OEMGD_LCC_plot3_Y)

size(OEMGD_LCC_plot3_Z)

plot3(OEMGD_LCC_plot3_X,0EMGD_LCC_plot3_Y,OEMGD_LCC_plot3_Z)
grid on

xlabel(alpha_N_R_E');

ylabel(SR_N_R_E);

zlabel(OEMG _u_n_i tLCC);

title('scenario 1')

%tot_LCC=[OEMGD_LCC_plot3_X;OEMGD_LCC_plot3_Y;OEMGD_LCC_plot3_Z]

%

[i,jl = ind2sub(size(OEMGD_LCC_plot3_Z) find(OEMGD_LCC_plot3_Z==min(OEMGD_LCC_plot3_2Z)))
Poi

%

x_a= OEMGD_LCC_plot3_X(1, j)
v b= OEMGD_LCC_plot3_Y(1, j)
z_c= OEMGD_LCC_plot3_Z(1, j)

Fig. 7. Continued
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AHAG LCC H]-8-2 AAUA] ] 2=H]E& MIXRage T stk Alg Holgrh ole) o] o Oﬂffc}ﬁ
A2 WdHl 1CC H)Eo] ARE AL B 20] Z7AMS= OEMGD dare|&e] Ao 4

7} 3%
2 99l ol Lee et al.(2016)9] A AT | wiedslo] ORVCD ke Ha wds o
GSHPH| 80| DHCHT} & Hlgo] ¥hash 20 2 QIEe & + alolch & 2/)5Am|e) SA 54
o Au)e & 5 Uk B e Wak @l wlge] 2 GsHp Alzsle] gl o) Lot F71e
< W Y2ulEd 1CCe HEElE Zete A = Aol ] s o] dxtE Yeldt
letr] ez A9ek DB dare|Ee] B 94 FEFom ofsf AAYAIA lanls =L
do] 1= Jovt, FHEF7HEe] At A2 dEF
ALY Ar1aw FIIA AR Fole] A A AAYANAA] =J 24 a7t SOFA= 2410
A} AHEE oA, AluE e Ask Ay e D ot 2004 ~ 2005 7RE FEAGE SAloR &
o] Blateflx] ZAHE e wet A=A = e A DAFA7} o] F FEAFE] A% FHF
2 H]E2] MIXRwee®} ET] AR =9 718182 AdtEo] dokar B A, Az el #|
A anw?t AL ZA] Z37tel wet Lot ot 2l GSHP giE flsiM= FF71HE d2 9
o= A HolErh AAAedUA =9l digh g 71eAe] dasir= Ao dagls 2l A
5o By Barb s wiGP 0.3) AluEe ¢ = % Akdeld
o} FE vlus] B 2ARIst] whet 1A e A
o] w2 go] et 7ABFS| GsHP =9 94
Optimal mix research selection
start
s - ;
| Energy cost data gathering |
Partl J/
: Data storage in DB
|
DB process for optimal energy Part2
| LCC ‘ Input EIF of case #N ‘
---------------------- L ‘ Input EIF of case #2
Energy cost data input Input external influence factor(EIF) |
| of case #1
Part3 LCC output of each case & DB
storage
Pata [ b :
Optimal energy LCC % End

Fig. 8. Cost data and external influence factors for mix model in algorithm
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