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A Study on the Estimation of Additional Cost
for the Certification of Zero Energy Apartment Buildings

Sa, Yong-—gi', Haan, Chan Hoon®
"Department of Architectural Engineering, Chungbuk National University

Abstract : Environmental and energy issues such as abnormal climate and depletion of fossil fuel due to global warming
have emerged as a critical task to threaten human survival, As a result, interest in the Zero Energy Building is
increasing as it is an innovative building that can significantly contribute to building energy reduction and greenhouse
gas reduction, In the market, however, the added cost of construction is a major stumbling block to the revitalization
of the Zero Energy certification, In this study, general private apartment complexes were selected for research, detailed
elements for Zero Energy certification were presented based on the construction criteria for eco—friendly houses from
the initial design stage, and the cost efficiency analysis of the components for certification were presented, It has
been analyzed that only Grade 3 certification can be implemented in apartments due to technical level and physical
limitations, Also, after reviewing the cost trend during the lifecycle cost, all expenses can be recovered within 13 years
after completion only in the case of grade 5 of the Zero Energy Building, The additional costs proposed in the present
study are reflected appropriately in the review of projects for apartments scheduled for order in the future to contribute
to the revitalization of the Zero Energy Building certification,

Keywords : Zero Energy Building Certification, Additional Cost, Cost Efficiency Analysis
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Table 1. Criteria for certification of zero energy building

Certification grade Certification standard

zero—energy 1%'—grade energy self—reliance ratio (100% )

zero—energy 2"°—grade energy self—reliance ratio (80% ~ 100%)
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Table 2. Overview of Reference Model

Master plan Outline

Location: Sejong—si 4—2block
Lot area: 32,026m*
Gross area: 84,670m*
—Underground: 28,634 m*
| —Ground: 56,035m

“| Basement 2story, ground 29story
Number of household: 9 buildings
-| 612 units (60m 0| 4)
Parking: 782 cars

Basic Design Performance
Flat—type : 6 buildings
Tower—type : 2 buildings
percentage of sunshine: 88.23%
window areas rate 20%
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Table 3. Components of construction technology

Descriptive elements Detailed contents

high—insulation - high—function Skin
Construction System, Air—tight design,
Sunshine securement

Low—energy building
composition technology

High—efficient heat source facility,
Optimum control device,
High—efficient ventilation equipment

High—efficiency Facility
engineering technology

Solar heat, Sunlight, Geothermal heat,
Wind power, Bio—Mass

Renewable energy
utilization technique

External environment Natural soil preservation, Ecological area rate,
composition technology | Circulation of rainwater

zero—energy 3“—grade energy self—reliance ratio (60% ~ 80%)

energy self—reliance ratio (40% ~ 60%)
(

energy self—reliance ratio (20% ~ 40%)

zero—energy 4"—grade

zero—energy 5"—grade
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Energy savings Building energy information technology,
information technology | LED light, automatic control equipment
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Table 4. Reference value of base model
i ; Base Model
Iltem Detailed contents Legal standard variable =
Reference value Application
o direct air 1% grade O 1% grade 1% grade
air—tight - - - d nd
) indirect air 2" grade O 2" grade 2" grade
Window - ;
. . direct air 1.0 O 1.0 22T low—e Thermopane
insulation — -
indirect air 1.5 O 1.5 22T low—e Thermopane
) direct air 0.17 O 0.17 EPS Class 2, No.1 175T
Exterior wall - -
indirect air 0.24 O 0.24 EPS Class 2, No.1 120T
direct air 0.15 O 0.15 EPS Class 2, No.1 205T
Insulation roof — -
Passlve indirect air 0.21 O 0.21 EPS Class 2, No.1 180T
i direct air 0.17 O 0.17 EPS 120T+PF 4 0T
oot indirect air 0.24 o 0.24 EPS Class 2, No.1 120T
) direct air 1% grade X 1% grade 1 grade
air—tight — - o nd nd
indirect air 2" grade X 2" grade 2" grade
Steel door - -
, . direct air 1.4 X 1.4 1.4
insulation - -
indirect air 1.8 X 1.8 1.4
Window Area Ratio 4-bay 38% X optimization 20%
HVAC heat exchanger total heat exchanger X total heat exchanger total heat exchanger
heat production fixed X fixed district heating
Heat source - - .
Active heat exchanger optimization X optimization 1,860kw
pump power optimization X optimization 1,096W
Hot—water — — P
length of pipe line optimization X optimization 12,500m
Lighting density 10 O 10 10
Renewable (Sun’s ray) lighting load 20% O 20% 81kw
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Table 5. Review of cost efficiency index analysis

(s Cost efficiency index
Base Model 1 ALT. 2 ALT. 3 ALT. 4 ALT.
(inssuclgtriigr? gtgtrfg:rd ) Jungbu 2 Jungbu 1 additional upgrade | additional upgrade outside insulation
U—Value (direct air) 0.17 0.15 0.13 0.11 0.11
Insulation 1* energy consumption 122.7kWh/m' 121.0kWh/m' 119.8kWh/m’ 118.5kWh/m' 115.4kWh/m'
Cost 17.07 eak 19.51 eak 21.92 eak 25.43 eak 59.94 eak
cost efficiency | by—alternative 1.44 2.01 2.70 11.13
index accumulate - 1.44 1.67 1.99 5.87
Items Base Model 1 ALT. 2 ALT. 3 ALT. 4 ALT.
scoring criteria (U—value) below 1.0 below 0.9 below 0.8 below 0.7
1% energy consumption 122.7kWh/m* 121.0kWh/m* 119.8kWh/m: 118.5kWh/m*
Cless 22T low—e 24T ow—e 24T ow—e 24T ow—e
Window thermopane thermopane thermopane (argon) |thermopane (argon)
Window PVC PVC Elevation split window| System window
Cost 33.93 eak 36.58 eak 46.32 eak 59.83 eak
cost efficiency | by—alternative - 1.89 7.50 9.65
index accumulate - 1.89 4.59 6.35
Items Base Model 1 ALT. 2 ALT. 3 ALT. 4 ALT.
scoring criteria (Lighting density) below 10 below 8 below 5
i 1% energy consumption 122.7kWh/m* 114.5kWh/m* 102.4kWh/m*
ighting LED application DIA 50% 100%
Density
Cost 7.17 eak 8.56 eak 10.81 eak
cost efficiency | by—alternative - 0.15 0.17
index accumulate - 0.15 0.16
Items Base Model 1 ALT. 2 ALT. 3 ALT. 4 ALT.
scoring criteria (Lighting capacity) 20% 50% 100% maximum roof area | Maximum elevation area
installation capacity PV 81kWp PV 202kWp PV 403kWp PV 580kWp PV 580kWp BIPV 880kWp
Sunlight installation area 405m* 1,010m 2,015m 2,900m* 6,160m*
Capacity 1% energy consumption 122.7kWh/m* 115.8kWh/m* 104.5kWh/m’ 94.5kWh/m* 64kWh/m
Cost 2.6 eak 6.5 eak 12.9 eak 18.6 eak 51.85 eak
cost efficiency | by—alternative - 0.57 0.57 0.57 1.70
index accumulate - 0.57 0.57 0.57 1.23
# eak : one hundred million won
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Table 7. Result of energy self-sufficiency rate by union

Energy Energy Self-

ltems Combination Review Demand Efficiency reliance
Quantity Rating ratio

Basic Model 122.7kWh/m 1 Grade 3.59%

CASE1 Cc-1,2 102.4kWh/m | 1+ Grade 2.21%
C-1,2/D-1 , o

CASE2 (sunlight 101KW) 99.0kWh/m 1+ Grade 5.44%
C-1,2/D-1,2 . o

CASE3 (sunlight 202kW) 93.3kWh/m 1+ Grade | 10.83%
Cc-1,2/D-1,2 . o

CASE4 sunlight 260kW 90.0kWh/m* | 1++ Grade | 14.00%
C-1,2/D-1,2 . 9

CASE5 sunlight 372kW 83.7kWh/m* | 1++ Grade | 20.01%
Cc-1,2/D-1,2,3 , 9

CASE6 sunlight 580KW 72.0kWh/m 1++ Grade | 31.25%
C-1,2/D-1,2,3/A-1 . 9

CASE7 sunlight 580KW 70.3kWh/m 1++ Grade | 31.77%
C-1,2/D-1,2,3/A-1 . 9

CASE8 / +RIPV 565KW 62.8kWh/m* | 1++ Grade | 40.01%
C-1,2/D-1,2,3/A-1 | o

CASE9 / FRIPV 570kW 59.58kWh/m* | 1+++ Grade | 41.42%
C-1,2/D-1,2,3/A-1 , o

CASE10 / +BIPV 820kW 40.4kWh/m* | 1+++ Grade | 60.20%
C-1,2/D-1,2,3/A-1 . o

CASE11 /D4 (BIPV 880KW) 38.4kWh/m* | 1+++ Grade | 62.25%
C-1,2/D-1,2,3,4 . o

CASE12 /A-123/B-123 33.7kWh/m* | 1+++ Grade | 65.65%
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Table 8. Additional cost for zero energy building certification

1S| energy self-reliance | construction
contents Case ’ )
consumptlon ratio cost
ZOTENCIYY | CASES | 83.7kWh/m | 20.01% 12.94 eak
5" grade
ZOTENCIOY | oaSEg | B2.8KWh/m | 40.01% 37.7 eak
4" grade
ZEIOTCNCISY | CASET0 | 40.4kWh/m | 60.20% 70.4 eak
3“ grade

% eak : one hundred million won

Table 9. Additional cost for zero energy building certification

Additional Cost
(hundred million won) Cost/py
Grade direct indirect (ten thound
construction | construction|  Total won)
cost (76%) | cost (24%)
zero—energy 5" grade 12.94 4.09 17.03 @101
zero—energy 4" grade 37.7 11.91 49.61 @29.4
zero—energy 3° grade 70.4 22.23 92.63 @54.9
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Table 10. Scale of price for energy sources

Iltem | usage fee unit cost Iltem | usage fee | unit cost
basic rate 52.4won/m’ ~ 200kWh | 78.3won/kWh
District | spring & fall | 63.38won/Mcal || Elactric
heating h 200kWh~ |147.3won/kWh
charge | summer | 57.04won/Mcal || Charges
winter 66.58won/Mcal 400kWh~ | 215.6won/kWh

Table 11. Calculation of District heating charges of basic model

Ener?ﬁl\,{,ﬁ(}tﬂr)mem Annual total | unit Tratkl U
Item hol- amount | cost e
heating water | S™ (Mcal) | (won)
basic rate 52.4 2,920,200
H?t_& spring & fall| 10.87 | 21.35 |32.22 | 1,544,435 | 63.38 | 97,886,264
water
Heating summer 0] 10.68 [10.68 511,620 | 57.04 | 29,182,810
winter 35.03 | 10.68 |45.71 | 2,190,272 | 66.58 | 145,828,324
Total 459 | 42.71 | 88.61 | 4,246,327 275,817,598
Table 12. Calculation of electric charges of basic model
Annual total f
Energy unit cost Total sum
Item ) amount
requirment (KWh) (won) (won)
Lighting 16.9kWh 941,820 78.3 15,660
energy
147.3 29,460
Ventilation
energy 3.8kWh ) 211,770 2156 | 248,627,829
Total 20.7kWh 1,153,590 248,672,949
Table 13. Cost of renewable energy for basic model
annual .
Energy ; unit cost Total sum
Item A production
requirment (kWh) (won) (won)
renewable energy _ -~ _
PV 8TKW 1.7 94,739 215.6 20,425,793
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Table 14. Energy consumption and energy saving costs

ltems Energy Consumption
Basic model | 5" Grade 4" Grade 3 Grade
Heating energy 45.9kWh/m | 49.1kWh/m* | 48.9kWh/m | 44.4kWh/m’
Hot—water energy | 42.7kWh/m* | 42.6kWh/m* | 42.5kWh/m* | 42.4kWh/m*
Lighting energy 16.9kWh/m* 4 1kWh/m | —0.9kWh/m | —5.5kWh/m*
Ventilation energy 3.8kWh/m 1.8kWh/m* | —0.4kWh/m* | —2.5kWh/m*
Total 105.5kWh/m* | 97.6kWh/m | 90.1kWh/m* | 78.8kWh/m*
Renewable energy | —1.7kWh/m* | —7.6kWh/m* | =15.2kWh/m* |—61.2kWh/m*
Annual r?e':r“rf; 303eak| 3.14eak| 3.13eak|  2.98 eak
Egigy Electricity 2.74 eak 0.78 eak —0.17 eak —1.05 eak
total 5.77 eak 3.92 eak 2.96 eak 1.93 eak
Annual | Total 1.85 eak 2.81 eak 3.84 eak
Saving

Cost | cost/unit 301,614 Won | 458,090 Won (628,165 Won

% eak : one hundred million won
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Fig. 1. Trends in Energy Cost Increase by Ratings
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Table 15. Long-term repair plan application criteria by items

. . period | maintenance
construction assortment | repair method
(year) rate
A Insulation (wall,ceiling) piece repair 5y 10%
Insulation (wall,ceiling) replacement 40y 100%
c fluorescent light replacement 10y 100%
LED light replacement 25y 100%
solar module replacement 30y 100%
solar module (manage.) piece repair 1y 2%
solar module inverter replacement 10y 100%
D Effsolar module inverter . .
. piece repair 1y 10%
(regular inspection)
solar cell connection board piece 1y 20%
replacement
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Table 16. Result of calculation of repair and replacement cost

long term repair  |Maintenance

. |
S Replgcement Subsection : plan : cost for
item period | maintena |  30years
(year) | ncerate |(million won)
ﬂuo‘rizshfem replacement 10y| 100% | 1,886
sunlight module 30y| 100%
innggSIrg(mana e.) Ty 2%
Basic ge-
model| sunlight sunlight inverter 10y 100%
399
(81kWP) sunlight inverter
oo . 1y 10%
(routine inspection)
sunlight connector o
board Ty 20%
subtotal 2,285
LED light | replacement 25y | 100% 1,423
sunlight module 30y 100%
sunlight module 1y o0
(manage.)
5th

sunlight inverter 10 100%
Grade| sunlight g Y ° | 1,354
sunlight inverter

(routine inspection) Ty 10%
sunlight connector o
board Ty 2l
subtotal 2,777
LED light | replacement 25y 100% 1,423
insulation | repair piece 5y 10% 161
sunlight module 30y | 100%
sunlight module o
4" (manage.) Ty 2%
Grade P
sunlight sunl?ght fnverter 10y | 100% 3.608
sunhght anerter. 1y 10%
(routine inspection)
sunlight connector o
board 1 year 20%
subtotal 5,192
LED light | replacement 25y 100% 1,423
insulation | repair piece 5y 10% 161
sunlight module 30y 100%
sunlight module 1y o0
3¢ (manage.)
Grade ) sunlight inverter 10y | 100%
sunlight — 7,459
sunhght anerterl 1y 10%
(routine inspection)
sunlight connector o
board Ty 20%
subtotal 9,043
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Fig. 2. Trends in repair-cost Increase by ratings
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ltem LCC analysis

content | Net—present value (NPV)

NPV= present value of total cost

n (EC+ MC))
Equation : ) ,——————+ CC' (?
Method t; (1+r)
1) CC = initial cost ?2) EC = energy cost
3) MC = long—term repair cost  4) r = social rate of discount
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Fig. 3. LCC increase trend by certification grade
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Table 17. Comparison of LCC by certification 500 grade

(unit: thousand won)

reference model 5"-Grade 4"-Grade 3"- Grade
Year | annual feclty accumulate| present | annual faclly accumulate | present | annual feclty accumulate| present | annual facily accumulate| present
management management management management
cost e sum value | cost s sum value | cost e sum value cost et sum value
initial cost 1,703 1,703 | 1,703 | 4,961 4,961 4961 | 9,263 9,263 | 9,263
year 1 577 10 577 552 | 426 33 426 | 2,110 387 91 387 5332 380 187 380 | 9627
year2 | 587 10 1,163 1,065 459 33 884 | 2513 478 91 865 5,753 567 187 9471 10,130
year3 | 596 10 1,760 | 1542 | 492 33 1,376 | 2909 569 91 1,434 6,217 755 187 1,702 | 10,755
year4 | 606 10 2,365 | 1,984 525 33 1,902 | 3298 659 91 2,093 6,716 942 187 2,644 1 11,480
year5 | 615 10 2,981 | 2392 | 558 33 2,460 | 3677 782 123 2,875 7268 | 1,162 220 3,806 | 12,317
year6 | 625 10 3,606 | 2769 592 33 3,052 | 4,046 873 91 3,748 7,839 | 1,349 187 5,155 | 13222
year7 | 635 10 4240 | 3116 | 625 33 3,677 | 4405 964 91 4,712 8423 | 1,537 187 6,692 | 14,181
year8 | 644 10 4884 | 3435| 658 33 4,335 | 4,751 | 1,054 91 5,766 9,016 | 1,724 187 8,416 | 15,181
year9 | 654 10 5538 | 3727 | 691 33 5,026 | 5085 | 1,145 91 6,911 9611 | 1,912 187 10,328 | 16,213
year 10 | 1,662 1,008 7,200 | 4636 | 903 212 5930 | 5521 | 1,712 567 8,622 | 10513 | 3,049 1,138 13,377 | 17,877
year 11 | 1,672 10 8,872 | 5467 | 937 33 6,866 | 5934 | 1,802 91 10,425 | 11,385 | 3,237 187 16,614 | 19,501
year 12 | 1,681 10 10,553 | 6,223 | 970 33 7,836 | 6324 | 1,893 91 12,318 | 12,224 | 3,424 187 20,038 | 21,079
year 13 | 1,691 10 12,243 | 6,909 | 1,003 33 8,839 | 6,691 | 1,984 91 14,301 | 13,031 | 3,612 187 23,650 | 22,608
year 14 | 1,700 10 13,944 | 7,529 | 1,036 33 9,876 | 7,036 | 2,074 91 16,376 | 13,803 | 3,799 187 27,449 | 24,085
year15 | 1,710 10 15,654 | 8,089 | 1,070 33 10,945 | 7,359 | 2,197 123 18,573 | 14,558 | 4,019 220 31,467 | 25,523
year 16 | 1,720 10 17,373 | 8,591 | 1,103 33 12,048 | 7,660 | 2,288 91 20,861 | 15276 | 4,206 187 35,673 | 26,902
year 17 | 1,729 10 19,102 | 9,039 | 1,136 33 13,184 | 7,941 | 2,379 91 23,239 | 15957 | 4,394 187 40,067 | 28,222
year18 | 1,739 10 | 20,841 | 9437 1,169 33 14,353 | 8,202 | 2,469 91 25,708 | 16,602 | 4,581 187 44,648 | 29,480
year19 | 1,748 10| 22,589 | 9,788 | 1,202 33 15,556 | 8,443 | 2,560 91 28,268 | 17,210 | 4,768 187 49,416 | 30,675
year 20 | 2,757 1,008 | 25346 | 10,510 | 1,415 212 16,970 | 8,740 | 3,127 567 | 31,395 | 17,979 | 5,906 1,138 55,322 | 32,202
year 21 | 2,766 10 | 28,112 | 11,155 | 1,448 33 18,418 | 9,011 | 3,217 91 34,612 | 18695 | 6,094 187 61,416 | 33,632
year22 | 2,776 10 | 30,888 | 11,728 | 1,481 33 19,899 | 9,259 | 3,308 91 37,920 | 19,359 | 6,281 187 67,697 | 34,968
year23 | 2,785 10| 33,673 | 12235 1,514 33 21,413 | 9,483 | 3,399 91 41,319 | 19974 | 6,468 187 74,165 | 36,211
year 24 | 2,795 10 | 36,468 | 12,680 | 1,547 33 22,961 | 9,686 | 3,489 91 44,808 | 20,541 | 6,656 187 80,821 | 37,365
year 25 | 2,805 10 | 39,272 | 13,067 | 3,003 1,456 25,964 | 10,342 | 5,035 1,545 | 49,843 | 21545 | 8,298 1,642 89,119 | 38,916
year 26 | 2,814 10 | 42,087 | 13400 | 3,036 33 29,000 | 10,937 | 5,125 91 54,968 | 22,463 | 8,485 187 97,604 | 40,340
year 27 | 2,824 10 | 44,910 | 13,684 | 3,070 33 32,070 | 11,474 | 5,216 91 60,184 | 23,299 | 8,673 187 | 106,277 | 41,645
year 28 | 2,833 10 | 47,744 | 13921 | 3,103 33 35,173 | 11,958 | 5,307 91 65,491 | 24,056 | 8,860 187 | 115,138 | 42,834
year 29 | 2,843 10 50,587 | 14,114 | 3,136 33 38,309 | 12,392 | 5,397 91 70,888 | 24,740 | 9,048 187 | 124,185 | 43913
year 30 | 2,853 10 53,439 | 14,268 | 3,169 33 41,478 | 12,778 | 5,488 91 76,376 | 25354 | 9,235 187 | 133,420 | 44,886
2443} (Fig, 3)7} (Table o)A Hol= el ol 4| 5. HE
20| 3552 4559 79 3097t A, wAMES
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Table 18. Comparison of present value costs with changes in discount rate

pred==3
[SX=)

T 2ol xE

o o=
QI5S ffet

(unit: thousand won)

2.5% 35%

4.5%

5.5%

6.5%

Year 3

Grade

4th
Grade

5(h
Grade

31(1
Grade

4(h
Grade

5m
Grade

Base
Model

Base
Model

Base
Model

5(h
Grade

Sm
Grade

4(h
Grade

4P
Grade

5Ih
Grade

Base
Model

Srd
Grade

Base
Model

3rd
Grade

4(h
Grade

Slh
Grade

initial cost 1,703 4,961 9,263 1,703| 4,961| 9,263

1,703

4,961| 9,263

1,703| 4,961

9,263

1,703| 4,961| 9,263

year 1 563 2,118| 5,339 9,634|  557| 2,114 5335| 9,630) 562

2,110

5,332| 9,627

547| 2,106| 5,328

9,623| 542

2,103| 5,325 9,620

year2| 1,107| 2,545 5,785| 10,165) 1,086| 2,529| 5,769| 10,147} 1,065

2,513

5,753| 10,130

1,045| 2,498| 5,738

10,114) 1,026

2,483| 5,724] 10,098

year3| 1,634 2,981| 6,292| 10,844 1,587 2,944| 6,254| 10,798) 1,542

2,909

6,217| 10,755

1,499 2875 6,182

10,713) 1,457

2,842| 6,148] 10,672

year4| 2,143| 3,426| 6,857| 11,6569 2,061 3,360| 6,785| 11,567| 1,984

3,298

6,716| 11,480

1,909| 3,238| 6,651

11,398 1,839

3,181| 6,588| 11,319

yearb| 2,635 3,877| 7,502| 12,627) 2510\ 3,774 7,382| 12,468 2,392

3,677

7,268| 12,317

2,281| 3,585| 7,161

12,175) 2,176

3,499 7,060| 12,041

year6| 3,109| 4,335 8,193| 13,709] 2933 4,186 8,010| 13,457, 2,769

4,046

7,839| 13,222

2,615 3,916 7,679

13,002| 2,471

3,794| 7,530| 12,796

year 7| 3,567| 4,796| 8,925| 14,893| 3,333| 4,593| 8,664| 14,523) 3,116

4,405

8,423| 14,181

2,915 4,230| 8,200

13,863 2,729

4,069 7,993 13,569

year8| 4,009 5261 9,693| 16,171 3,709| 4,995 9,340| 15,654) 3,435

4,751

9,016| 15,181

3,183 4,528| 8,718

14,747) 2,951

4,322| 8,445| 14,348

year9| 4,435 5728| 10,495| 17,533] 4,064| 5,391| 10,032| 16,841} 3,727

5,085

9,611| 16,213

3,421 4807 9,229

15,642) 3,142

4,555| 8,882| 15,123

year 10| 5,625 6,335| 11,697| 19,713 5,104| 5,907| 11,074| 18,746) 4,636

5,521

10,513 17,877

4,215 5,174] 10,009

17,094) 3,836

4,862 9,554| 16,389

year 11| 6,761| 6,936| 12,906| 21,925) 6,077| 6,406| 12,101| 20,643) 5,467

5,934

11,385/ 19,501

4,923 5,513] 10,746

18,482 4,438

5,138| 10,176| 17,574

year 12| 7,847| 7,530| 14,120| 24,162) 6,984 6,889| 13,113| 22,524} 6,223

6,324

12,224| 21,079

5,651| 5,825| 11,440

19,803) 4,956

5,383| 10,746 18,675

year 13| 8,882| 8,115| 15,335| 26,419| 7,829| 7,355| 14,105| 24,385 6,909

6,691

13,031 22,608

6,104| 6,110| 12,091

21,064| 5,400

5,601| 11,268| 19,693

year 14| 9,868| 8,692| 16,550| 28,689 8,614| 7,804| 15,078| 26,220} 7,529

7,036

13,803 | 24,085

6,589 6,370| 12,700

22,234) 5,774

5,792| 11,742 20,630

year 15| 10,808| 9,260| 17,785| 30,990| 9,344| 8,236| 16,047| 28,046, 8,089

7,359

14,558 25,523

7,012| 6,606| 13,280

23,358| 6,087

5,959| 12,183 21,498

year 16| 11,703| 9,819| 19,013| 33,294) 10,019| 8,651| 16,991| 29,836| 8,591

7,660

15,276 26,902

7,376 6,818| 13,818

24,409] 6,343

6,102| 12,577| 22,287

year 17| 12,554| 10,367| 20,234| 35,595) 10,644| 9,049| 17,910| 31,588) 9,039

7,94

15,957 28,222

7,688 7,009| 14,314

25,388] 6,549

6,223| 12,928| 22,998

year 18| 13,363| 10,906| 21,444| 37,890| 11,220| 9,430| 18,801 33,300} 9,437

8,202

16,602 29,480

7,950 7,178 14,768

26,295 6,709

6,323| 13,236| 23,635

year 19| 14,130| 11,433 | 22,644 40,174 11,750 9,794| 19,665| 34,967 9,788

8,443

17,210] 30,675

8,168| 7,328 15,182

27,131] 6,828

6,405| 13,505| 24,199

year 20| 15,468 12,059| 24,120| 43,025) 12,738| 10,232| 20,739| 37,066) 10,510

8,740

17,979| 32,202

8,687 7,519| 15,721

28,224) 7,193

6,519| 13,871 24,963

year 21| 16,738 12,669| 25,569| 45,829) 13,650| 10,646| 21,768 | 39,085) 11,155

9,011

18,695/ 33,632

9,133| 7,686| 16,205

29,215| 7,491

6,611| 14,184| 25,629

year 22| 17,942| 13,262| 26,987 48,586| 14,491| 11,039| 22,751 41,023) 11,728

9,259

19,359 34,968

9,511| 7,830| 16,638

30,109) 7,728

6,682| 14,449 26,202

year 23| 19,082 13,838 28,376| 51,292) 15,264| 11,409| 23,690| 42,881) 12,235

9,483

19,974 36,211

9,828| 7,953| 17,021

30,910f 7,911

6,734| 14,668 26,687

year 24| 20,162 14,397| 29,734| 53,947) 15,971| 11,759| 24,585 | 44,659) 12,680

9,686

20,5411 37,365

10,089| 8,055| 17,357

31,623 8,045

6,768| 14,846| 27,092

year 25| 21,183| 15,708 | 31,846| 57,333| 16,618| 12,690| 26,052| 46,973] 13,067

10,342

21,645| 38,916

10,299| 8,512/ 18,031

32,633 8,135

7,081] 15,285| 27,723

year 26| 22,147 16,964 | 33,887 60,626| 17,207| 13,559 27,434| 49,167) 13,400

10,937

22,463 40,340

10,461| 8,911 18,624

33,524| 8,186

7,343| 15,652 28,247

year 27| 23,057 18,168| 35,860| 63,826) 17,740| 14,371 28,734| 51,244 13,684

11,474

23,299 41,645

10,581 9,259 19,141

34,302) 8,202

7,560| 15,952 28,672

year 28| 23,914| 19,320| 37,764| 66,933| 18,222| 15,127 | 29,956 | 53,206| 13,921

11,958

24,056| 42,834

10,662| 9,558 19,587

34,976) 8,187

7,734] 16,191 29,007

year 29| 24,720| 20,423| 39,601| 69,948) 18,654| 15,829| 31,101| 55,056) 14,114

12,392

24,7401 43,913

10,708| 9,812| 19,967

35,550) 8,145

7,871] 16,375 29,258

year 30| 25477 | 21,477| 41,373| 72,870| 19,039| 16481 32,172| 56,798| 14,268

12,778

25,354 | 44,886

10,722| 10,025 20,285

36,033] 8,079

7.974| 16,508 | 29,434
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Table 19. Suggestion of additional cost by certification grade

Grade (0.I1nit§iif|lilocn0::on) (:((\::(:{1 ‘;y additional ratio
Zegﬁ;fangfy 17.03 @101,000 3%
Zeﬁ;a”j;gy 49.61 @294,000 8%
Ze;%;f;gfy 92.63 @549,000 15%
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