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Design Optimization of Distributed Energy System for Small Buildings
LvTao LuYuehong Wang Changlong LilJiao Liu Xuemei
( School of Constructional Engineering, Anhui University of Technology, Ma'anshan, 243002 )

[ Abstract]  Reasonable use of renewable resources such as solar energy and geothermal energy is one of the effective ways to
solve environmental pollution and reduce carbon emissions, and meet the current demand for efficient use of renewable resources
and diversified energy utilization. This paper takes three small buildings in Hefei City, Anhui Province as the object. In the
TRNSYS dynamic simulation software, the envelope structure and internal heat source parameters of the three buildings are
determined according to the zero-energy building design standards, and the cold, heat, electricity and heat sources of the three
buildings are calculated. The load of domestic hot water, with the total life cycle cost LCC as the objective function, and the
cooling/heating, domestic hot water, and zero-energy building requirements as constraints. The single-objective Hooke-Jeeves
algorithm is used for the buried pipes of the three buildings. The depth and solar collector parameters are optimized and the optimal
solution set is obtained. The results show that LCC has been reduced by 26.99%, 25.41%, and 31.30% compared to the full life
cycle cost before optimization. The optimized parameters can ensure the stable operation of the system and have more economic
and energy-saving benefits.
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Fig.2 Schematic diagram of each building
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Table 1 Basic situation of each building
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Table 2 Building envelope parameters

R 4544 2 AN GFS AR E/W-m2K!
b Tt BE+RE P Z A KA R IR D S 0.236
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Table 3 Specifications for lighting design power
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Table 4 Equipment design power
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&3 PeAH/230kW LR /500k W UKFE/TSKW HLRLKL/ 100k W FHLfiRi/ 1 50k W
ARk R FRMEHEAS BE RS RS MR FRMER RN SR FRMERA RS SR FREHE R
£ 21 0.5 21 0.8 21 1 21 0.4 20 0.5
FAH 4 0.25 0 0 6 1 30 0.4 10 0.5
Atk 3 0.25 0 0 3 1 4 0.5 30 1
W H K #$/1000kW R AL/425kW & RH/66kW G 4T /425kW ey AL/ 140k W

B HE FAREHRL AR AREHRE BE RANEHRL AE ANEHRE fE RN R
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Fig.3 Calculation results of each building load
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Table 5 Selection of ground source heat pump unit

HOVE PRI ZH ik Y
Bzt BT (kW) AT (kW) WA R (kW) WAHIRE (kW)
S 334.35 191.70 350 325
fFE 439.18 188.28 450 220
IRARE 34.42 33.30 35 30
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Table 6 Design parameters of ground source heat pump unit
HPERIE RGN R T Bt 25
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= 55.85 4429 26 90 100
i 5 77.33 68.11 32 102 100
INA 5.16 495 26 8 100
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Table 7 Optimized parameters Initial parameters

R WIgE  RATE

W VRE (Length C) 100 20~100
FeARRELE (PV_line) 10 1~50
HARHEHIRTA (AREA_PVT) 50 10~50
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Table 8 Calculation table of initial investment

B %
W& HE RN Oo A Oo
YR FGENLAH 1 80000 80000
tciilyie 1 808 808
YRR R 1 1050 1050
R IN#OK R 1 540 540
A TS HOKER 1 808 808
Htar 7K 46 1 200 200

AR E KM KSR 1 400 400
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Table 10 Optimization results

R LILGHEN feATE A5 ZE
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fF 100.00 50.00 40.00 98.50 25.00 38.00 0.02 0.50
120 188.28kW. 191.70kW,
(2) uﬁ%}%ﬁﬂﬁ'\%ﬂﬂﬁjﬁﬁﬁiﬂl LA
MR/ AR ROKIREE . FREFER TN A K
i, 7533 =5 123%%5’3 it SHE. it
I ARE AR BIE B S AR 2 23 oy
| 18.96 /7t 57.35 /ity 51.46 JFijt.
“ ) e (3) SH A RAE ARG, ARG
mLCC (D) .[.Hh (m) B Area PV1 m PV Line

B9 MULERILER
Fig.9 Comparison of optimization results
HE 9 g1, T E=IE®HA, AT LCC
N 84.15 Jit, RALJE N 61.43 Jijts ST Iras
B, RALETE LCC A 27.11 Fiot, tRAk)E A 20.22
Jigt: WTAEEERN, AR 107.49 oo, R
e JEH 73.83 Jigt. 45 0] AR REIR R R A E A T
A, MSLEPR LCC 73318 IMA A 18.96
Jivts EEEFN 57.35 Jiot. EEEFN 51.46
Jiots AR RMACHET LCC 2500 T 26.99%-
25.41%- 31.30%.

4 ZEig
A PAE R AR T 7 A e

Wt 7 =M/ N AR, 8 o0 T %% B AR AR e e
Wit 7 —M/ N tE s AR R R 1E
TRNSYS 3T & v siA, A GenOpt ik
Bide, DL 9 o8 BAn i, RS B
Hooke-Jeeves i X = Fh 2 23k 47 00 A0 45 21 B
ffse, FES5VIME T SHEAT LG, AR W T
(1) H2¥% TRNSYS sh& 1 BN % B E
FERRSUARME R BBl 450 DL S 45 D3 b it , 1HEAS
Tk, 8. BRI 5 A8 34.42kW
439.18kW. 334.35kW; #Afai 70 54 33.30kW

SEE T AR R ANAE L KO BH e W R m] AR REVR
IR T T A REURAE F AOVE L, M1 B R i de
W7 R BAIBATHRE LSRRI

SE 3K -

(1] FRZREE, Bk RS, T SCHE. A A g B I R R R [1].
L T AR 2EHE,2013,33(31):1-15.

[2] &40, % AR 2 BR R ELAR 2 A0 204 G R
G 5 7T L] L DR 24 ,2016,36(12):
3150-3161.

[3]  FSC¥, XA oA g b —— v B T2k
TR % [J]. 25, 2014,(5):21-24.

[4] Joseph M J, Kurt M, Jelle L. Influence of centralized and

RIEHIRE

distributed thermal energy storage on district heating
network design[J]. Energy, 2020,202:117689.

[S] Markus B, Adrian B, Markus F, et al. Multi-period
investment pathways-Modeling approaches to design
distributed energy systems under uncertainty[J]. Applied
Energy, 2021,285:116368.

[6] Fiona C, Bogdan D, Evgenia M, et al. Optimal design of

heating and cooling pipeline networks for residential

distributed energy resource systems[J]. Energy,
2021,235: 121430.
[7] MBI, K, % 2 A AN SRR RGO

FARA[I) T HLF7,2018,37(7):5-12.



- 284

i

A%

2022 4E

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

(20]

PR, SRR, AR, S 2 A8 AN A SRR IR R 4t
DAL BB R ()], il H 02 BE 2741k, 2018,34(3):
229-235.

/MR, RIS, VERT R, 5. 56T IR 40 2 U RE A AL X
TAERIN BTt )], A B L T A2 5 R,2016,36(12):
3306-3314.

R FR R ER, X E A S5 5 TTHAE REVR TR 4 - - H
Z Red AR 5 B B3], '8 70 B B ¥ 4,2017,
37(6):275-281.

BISR, AN, 2Rk, A5, oA S AR Bt R GG D
B EERE T[] MR, 2017,41(2):418-425.

Tim S, Fiona C, Bogdan D, et al. Optimal design and
operation of distributed energy resources systems for
residential neighbourhoods|[J].
100049.

Smart Energy, 2021:

Jiacheng G, Peiwen Z, Di W, et al. A new collaborative
optimization method for a distributed energy system
combining hybrid energy storage[J]. Sustainable Cities
and Society, 2021,75:103330.

Bahman A, Oguzhan C, Aydogan O. A multi-objective
optimization evaluation framework for integration of
distributed energy resources[J].
Storage, 2021,41:103005.

HE, B E, WRI5AL, 5. T B RS54 i 1 4
A AER PR AL A I []. AL HAR,2018,42(10):
3219-3227.

B, e, TKE, . ZRELAMA R RRIR RGBT
LARAC[I] AT 77,2018,37(7):5-12.

PR, R R, ARk, 5. 2 R ELAM A SRR R St
AL B LR RE (], i HL )22 e 41k, 2018,34(3):
229-235.

HH, IRAA, IR IE, 55, 25 BRI L B i
172 BRI AT ], A B LT RE % 41,2016,
36(12):3325-3334.

FATIL, 4k, #0, 55, Al s AR IR R AR Ik i
TS AT TR RE[]. 50 A AU AEYR,2017,2(2):1-10.
Hongbo R, Qiong W, Qifen L, et al. Optimal design and

Journal of Energy

[22]

[23]

[24]

management of distributed energy network considering
both efficiency and fairness[J]. Energy, 2020,213:
118813.

Frantz S, Matthieu M, Audrey J, et al. Thermodynamic
analysis and optimization of a 10MW OTEC Rankine
cycle in Reunion Island with the equivalent Gibbs
system method and generic optimization program
GenOpt[J]. Applied Ocean Research, 2015:54-66.

M S Fernandes, A R Gaspar, V A F Costa, et al.
Optimization of a thermal energy storage system
provided with an adsorption module — A GenOpt
application in a TRNSYS/MATLAB model[J]. Energy
Conversion and Management, 2018:90-97.

Dimitri B, Frédéric M, Harry B, et al. Model
optimization and validation with experimental data using
the case study of a building equipped with photovoltaic
panel on roof: Coupling of the building thermal
simulation code ISOLAB with the generic optimization
program GenOpt[J]. Energy and Buildings, 2013:333
-347.

Nikola V, Damir D. Cost-optimal energy performance
calculations of a new nZEB hotel building using
dynamic simulations and optimization algorithms[J].
Journal of Building Engineering, 2021:172-182.

Ji Li, Wei Xu, Ping Cui, et al. Optimization
configuration of regional integrated energy system based
on standard module[J]. Energy and Buildings, 2020:85-
110.

GB 50189-2005, 2~ H @ 5045 R B tHFrfE[S]. b mt: Hh
Rt H Rk, 2005.

AU, 8 M, B, 45 B H DR ICRERE -2 3
T ARAE T K T HT 0], B HRH,2017,33(12):
182-187.

TPF, ZRAL, REAE, 55 KB REGAR/ #(PV/T) ORI
TR R[4 i fE,2013,32(5):1020-1024.



