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ABSTRACT

KEYW ORD

Purpose: Many countries have implemented policies to reduce greenhouse gas (GHG) emissions in public HH%?J Hef |
buildings, emphasizing the leading role of the public sector. In Korea, in order to achieve a 30% reduction in GHG AE oA x|

emissions by 2030, public agencies must set annual targets or quotas. However, the lack of experts and support are

M2

the biggest obstacles to achieving this reduction target. Methods: This study constructed a GHG evaluation database ~ K-ETS
(DB) and Data set based on energy end uses, GHG reduction technology with the aim of decision making about  Building Energy

GHG reduction with minimal building information and limited expert knowledge. The GHG evaluation DB was

Machine Learning

built using data from the Commercial Building Energy Consumption Survey (CBECS), an energy consumption
survey of 6,720 public and commercial buildings by the US Department of Energy. In addition, a DB for evaluating ACCEPTANCE INFO
the reduction amount of greenhouse gas reduction technology was established with reference to 1,206 greenhouse ~ Received May. 6, 2020

gas reduction technology application projects by the Korea Energy Survey. The database was used for constructing
data set, we developed a machine learning-based GHG reduction decision support model. Result: Additionally, the

Final revision received May. 29, 2020
Accepted Jun. 3, 2020

case study of domestic public buildings, the economic and environmental benefit of applying greenhouse gas
reduction technology were evaluated. The evaluated building can reduce about 111 tonCO»-eq and convert it into

economic profit of 36 million won, confirming the applicability of the model.
(© 2020. KIEAE all rights reserved.
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Table 1. Support for greenhouse gas reduction systems in the
public sector of major countries

Web . e Economic
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calculator
Standard Energy
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Energy Star Portfolio - - O O
Manager(ESPM)
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Table 2. Distribution of emission estimation parameters
unit: tonCO,-eq/m’)
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Fig. 2. Uncertainty analysis of greenhouse gas emissions by
energy use by Monte Carlo
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Table 4.9} Zt}.

Classification | Heating | Cooling l}ngg Lighting | Ventilation E1,20670 5 "l oAU A =e] 436713 (36%) = 7HE WS
bl W, o2 1EEXY WA 19470(16%) = ol FAAY F
Probability — - -
oot Hopg oA E e nEexd BALGe] AANY 3 2ut o]
AFS L 3]0 OF}t of|1 x| 0] AL Az Wl ©z]HAH
Sample " 5 305 02 303 ge Ut 2l olth. el ol 21 9] 3¢ A 9 frA ]
Qo] 4385} Al Aol z21Qlo] o]o] slitt 7]<& 0] Algl= A =7
D n(I;r(r)Eal Normal | Normal né‘r(gal Normal ° ] ino]'—]— ﬂE—u U ]1_ }\1\01 OH © ]E-/] ]’Eﬂ = ig= Bre) ]’
. g 707 weEr14].
Correlation Floor Floor Floor Floor Floor Ar
coefficient Area Area Area Area 00 ca
Average 481x10% | 1.95x10% | 138x10° | 1.61x10° | 1.51x10° Table 4. Greenhouse Gas Reduction Technology Basic Data Sample
Mode 493x10% | 1.95x10% | 1.39x10°% | 6.90x10° | 1.51x10°2 GHG Reduction Tech Samples (EA,%)
Median 225x10% | 1.95x10° | 139x10° | 123x10? | 1.51x10° Sum 1,206
Photovoltaic system 436(36%)
Table 3. Emissions uncertainty analysis results Solar thermal energy 123(10%)
0
unit: tonCOx-eq Renewable system
959 nfid interval
Qussification | Max. | Min. % Confidence interval energy Geothermal 113(9%)
From To Uncertainty energy system
Heating 1,427 616 867.2 1,207 20.95% Green roof 18(1.5%)
Cooling 437 180 258 360.5 19.94% LED street light 123(10%)
Water o High Efficiency High efficiency light 194(16%)
heating 246 102 1507 2098 20.52% equipment Green remodeling 6(0.4%)
Ventilation 348 161 214.1 299.4 22.80% replacement Electric vehicle 139(11%)
Lighting 384 154 227.0 317.8 19.73% Natural gas automobile 54(4%)
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Table 5. GHG reduction tech. evaluation DB
Unit : tonCOseq/won
Solar .
Classification Ph:t:::llnmjc teh:;mal Ge:l:l:g;ml elflei%:;cy ;?:t ﬁr::fn
¥ sysfn{ System light light
GHGa]S)S;SS"'e"t 265¢10° | 7.55¢10° | 186x10% | 1.04x10° | 8.25%10* | 3.96x10°
Heating 9.51x10° 1.73x10* 1.42x10°*
Cooling 6.56x10° - 1.31x10° 9.81x10°
Water heating | 2.70x10° | 7.55x10° - - 4.04x10°
Lighting 4.39x10° 1.04x10° | 8.25x10% | 6.56x10°°
Ventilation 3.34x10° - - - 5.00x10°
Electricity 2.65x10* - 9.32x10° | 1.04x10° | 8.25x10* | 3.96x10*
City gas 6.95x10° | 7.64x10°
Heat 6.04x10° | 1.49x10°
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Table 6. Dataset for constructing machine learning models

Building function Sample (EA) Classification Data information Unit Data collection
Office 3,511 Building name - Case-based
Medical 1,936 Building Information Floor Area m’ Case-based
Education 870 Business budget won Case-based
Research 123 Photovoltaic system Case-based
Neighbor 2,288 Solar thermal energy system Case-based
Training 450 Recognized amount by Geotlllermal e.nergy System Case-based
Warehouse 57 GHG reduction technology High efficiency light Case-based
Labor 170 LED street light Case-based
Waste treatment 400 Depe.ndent Green .roof Case-t?ased
variable Cooling Evaluation DB
Ui e Heating (COxq Evaluation DB
Factory 12 o . Water heating Evaluation DB
Sales 37 GHG emissions information Lighting —Evaluation DB
Accommodation 27 Ventilation Evaluation DB
Transportation 10 Other Evaluation DB
Cultural 862 Independent Korean Offset Credit (KOC) Output
Automotive 37 variable GHG reduction
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Learning Curves(DNN)
Table 7. Model determination IC‘_;‘E:;"”: SSE‘; .
ross-validation score
Cross-validation Test A i
Classification (.,23 super
MAE RMSE MAE RMSE parameters ”
et
estimators e
55.707 82.149 102.925 14899 | 91.5 T wn
GBRT -
estimators
53.135 80.604 103.101 | 149.085 | 92.5 ——
300
95.739 143.473 112.191 163907 | 894 | y | 04 Training examples
€ |0.01
2 Fig. 3. Model construction results for each machine
94907 | 142.536 | 110.896 | 154.654 | 88.6 | y | 0.5 learning algorithm
€ |0.01
SR 5516 | 81.075 | 101057 | 147.739 | 94.2 | 400400400 T EAYolH O FFLe JFH o HYF HHH v, 181 58
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Table 8. Overview of the evaluated building
Building name S city medical center
Floor area 77,191 m
Zoning district Medical zone
Purpose State owned medical facility
Service life 5 years
Emission report Heating, cooling};],e ;tiﬁlhgt’ingt,hzrentilation, water
Budget 20 million won

. Unit : tCO-eq
Heating
0

Waterheating Lighting

Ventilation Cooling

Other
— — Machine leamning model

— — Evaluated Building

Fig. 4. Reduction Results of Energy end Use by Selection of
Reduction Technology based on machine learning model

Table 9. Reduction costs by GHG reduction Technology

Cost unit: thousand won

GHG Reduction Tech. Reduction Energy Info. Unit RedllCocsttion
Electricity 1.09 TJ
ngh_ EfﬁCISHCy Lighting 1.09 TJ 26,190
lighting GHG
Reduction 48 ton
Electricity 0.98 T
Solar power GHG 23,719
Reduction 53 ton
City gas 0.38 TJ 2,000
Geothermal Heat 0.000008 TJ
encrgy Heating 86 ton 69
Cooling 065 ton

(© 2020. Korea Institute of Ecological Architecture and Environment all rights reserved.
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