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ABSTRACT The value of tangible assets depreciates over their useful life and this depreciation should be adequately reflected in any
tax or financial reports. However, the method used to calculate depreciation can impact the financial performance of solar projects due
to the time value of money. Korean tax law stipulates only one method for calculating the depreciation of solar photovoltaic facilities:
the straight-line method. Conversely, USA’s tax law accepts other depreciation methods as solar incentives, including the modified
accelerated cost recovery system (MACRS) and Bonus depreciation method. This paper compares different depreciation methods in
the financial analysis of a 10 MW solar system to determine their effect on the financial results. When depreciation was calculated
utilizing the MACRS and Bonus depreciation method, the internal rate of return (IRR) was 10.9% and 16.4% higher, respectively,
than when the Korean straight-line depreciation method was used. Additionally, the increased IRR resulting from the use of the two
US methods resulted in a 20.5% and 27.4% higher net present value, respectively. This shows that changing the depreciation
calculation method can redistribute the tax amount during the project period, thereby increasing the discounted cash flow of the solar
project. In addition to increasing profitability, USA’s depreciation methods alleviate the uncertainty of solar projects and provide
more flexibility in project financing than the Korean method. These results strongly suggest that Korean tax law could greatly benefit
from adopting USA’s depreciation methods as an effective incentive scheme.

Key words PV investment(el %3 T 2}), Feasibility study(7 4] 4 5-41), Tax incentive(A] A| -3-¢17 #), PV depreciation( &l %3
74 Z+4]), Discounted cash flow method(DCF method; &2l & 2| 71| ), Modified accelerated cost recovery
system(MACRS; =4 7}45:A4F 2 )

Nomenclature NPV : net present value

ACRS :accelerated cost recovery system TVM : time value of money

MACRS : modified accelerated cost recovery system

IRR : internal rate of return
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Table 1. Yearly depreciation rate based on US federal and

AH|EX0] CHEE M|=X Foluer At Z7keziel 4

state law
Year Federal Iayv . State tax law
(Bonus depreciation) (MACRS)
1st 100% 20%
2nd 0% 32%
3rd 0% 19%
4th 0% 11,52%
5th 0% 11,52%
6th 0% 5.72%
Total 100% 100%
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Fig. 1. Yearly cumulative depreciation amount of SLD, ACRS,
and MACRS
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Table 2. Comparison of yearly depreciation amount between SLD and MACRS

(Unit: %)
Straight—line method MACRS
Year - Depreciable Accumulated - Depreciable Accumulated
Depreciation amount depreciation DERrEEIE e amount depreciation

0 100 100

1 5 95 5 20,00 80,00 20,00

2 5 90 10 32,00 48,00 52,00

3 5 85 15 19.20 28,80 71.20

4 5 80 20 11,52 17,28 82.72

5 5 75 25 11,52 5,76 94,24

6 5 70 30 5.76 0 100
7~20 5~5 65 ~ 0 35 ~ 100
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Table 3. Statistical figures of weather data in PV plant location

Weather data Mean Min, Max., Std, Dev,
Beam irradiance —
DNI (W, /mg) 262.66 | 0,00 998.00 358,35
Diffuse irradiance —
4 2
DHI (W/m2) 56,38 | 0.00 70,00 77.9
Global irradiance —
215.61 1 4
GHI (W/mz) 5.6 0.00 ,056,00 | 306,49
Wind speed (m/s) 2.0 0.1 10.5 1.3
Relative humidity (%) | 60.74 | 7.66 100,00 22.52
Pressure (millibar) 990 975 1002 4
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HE A3(NSRDB, The National Solar Radiation Database)
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Table 5. Specification of the initial investment (LA 10 MW)

Ho| M sut 2A

Cost Element Description Amount ($)
Module 0.31 kWdc/unit*32, 244 units* @0, 38$/Wdc 3,800,168.75
Inverter 770 kWac/unit*12units®* @0, 06$/Wac 600,026.63
_ ) BOS 0.20$/Wdc*10,000,4 kWdc 2,000,088,63
D lrecsojjpltal Installation labor 0.13%/Wdc*10,000,4 kWde 1,300,057.63
Installation overhead 0.06$/Wdc*10,000,4 kWdc 600,026.63
Contingenct 3% of Subtotal 249, 011,05
Total 8,549,379.00
Permitting and assessment 0.01$/Wdc*10,000,4 kWdc 100,004, 44
Indirect capital | Engineering and development 0.08$/Wdc*10,000.4 kWdc 800,035.50
cost Grid interconnection 0.03$/Wdc*10,000,4 kWdc 300,013, 31
Total 1,200,053.25
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Table 4. System specification of the solar PV plant (LA 10

MW)
PV module Inverter PV array
¢ SUNPOWER * SMA * Number of
SPR—-E9—-310—COM SCE750CP-US strings:
¢ Cell: Mono—c—Si * Power: 770 AC 2,687
* Module area: 1,63 m’ kW * Modules per
* Power: 310,15 DC Watts | ®* Number of string: 12
* Number of modules: inverters: 12 * Tilt: 30°
32,244 * Total capacity: | ¢ Azimuth:
* Total capacity: 10 DCMW | 9.24 AC MW 180° (south)
* Total module area: * DCtoAC ratio : | * Tracking:
52,589 m’ 1.08 No (Fixed)
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Table 6. Annual energy production and other performance

metrics
Performance metric Result
Annual energy™ 17,038,718 kWh
Capacity factor 19.4%
Energy yield*® 1,704 KWh/kW
Performance ratio™® 0.79

* Year 1
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Table 7. Annual cash flows after depreciation in MACRS and SLD

(Unit: USD)
Year MACRS SLD Difference
0 — 9,749,432 — 9,749,432 -
1 1,610,072 1,268,842 341,230
2 1,847,970 1,321,500 526,469
3 1,602,271 1,325,387 276,884
4 1,456,381 1,329,249 127,133
5 1,460,217 1,333,084 127,133
6 1,351,711 1,336,892 14,819
7 1,243,177 1,340,671 — 97,494
8 1,246,927 1,344,421 — 97,494
9 1,250,646 1,348,141 — 97,494
10 1,254,334 1,351,828 — 97,494
1 1,257,988 1,355,482 — 97,494
12 1,261,608 1,359,102 — 97,494
13 1,265,193 1,362,688 — 97,494
14 1,268,742 1,366,236 — 97,494
15 1,272,253 1,369,747 — 97,494
16 1,275,725 1,373,219 — 97,494
17 1,279,157 1,376,651 — 97,494
18 1,282,547 1,380,041 — 97,494
19 1,285,893 1,383,388 — 97,494
20 1,289,196 1,386,690 — 97,494
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Table 8. Comparison of financial metrics (IRR, NPV) - MACRS,

SLD and BD
Financial MACRS SLD BD
performance (5YRS) (20YRS) (1YR)
IRR (%) 13.70 12.35 14,37
NPV ($) 3,957,461 3,283,732 4,183,538

U=l B(IRR) YA 14.37%, 4714821
13.70%, %M 12,35% <=0]%loH, =AA7X|(NPV)= Y
AAJZH USD4, 183,538, 2247144121 Ho] USD3, 957, 461,
YR USD3, 283,732 =2 Aifo|tt, TR A7z
= 9] A8 Aol 51 IRR2 N o] 474
7S 10.9%, PAVSZPHS 16.6% =9koH, A
ZEX(NPV)= AU ojv] 471548712 20, 5%, YAz
2 27.4% =2 Aol ofi= Hxe, AlNEA| Sk 2
Z7FQ1 AR glo] 7Pz 717k o] w2 Al

Ao R By FAF g 1Y 7 e SEeh

HA 2 AFHa0] ME-8-S +10%, £20%= & 45, &
5] sfefole] A Table 99 2},
Table 9. Range setting of independent financial variables in

sensitivity analysis
(Unit: %, one thousand USD)

Range —20% | —10% 0 +10% | +20%
Real discount rate | 4.8 5.4 6.0 6.6 7.2
Investment 7,800 | 8,774 | 9,749 | 10,724 | 11,699
Tax rate 16 18 20 22 24
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Table 10. SA result: Adiscount rate impact on ANPV

(Unit: USD, %)

Sensitivity analysis Depreciation —20% (4.8%) —10% (5.4%) 0% (6%) +10% (6.6%) +20% (7.2%)

MACRS 5,202,156 4,557,508 3,957,461 3,398,193 2,876,255

(1) Amount (absolute) SLD 4,572,192 3,904,275 3,283,732 2,706,471 2,168,799

BD 5,400,633 4,770,030 4,183,538 3,637,356 3,128,052
' MACRS 113,78 116,73 120,52 125.56 132,62
@ Dlszigamy to SLD 100,00 100,00 100,00 100,00 100,00
BD 118,12 122,17 127.40 134,39 144,23
MACRS +31.45 +15.16 0.00 ~14.13 -97.32
(3) Ratio (relative) SLD +39.24 +18,90 0.00 ~17.58 -33.95
BD +29.09 +14,02 0.00 -13,06 ~25.23
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Table 11. SA result: Ainvestment amount impact on AIRR

(Unit: USD, %)

Sensitivity analysis | Depreciation | —20% (7.799,546) —10% (8.774,489) 0% (9,749.432)  +10% (10,724,375) +20% (11,699,318)

MACRS 17.68 15.50 13.70 12,18 10.86

(D) Amount SLD 16.06 14.03 12.35 10,93 9.7
(absolute)

BD 18.59 16,98 14,37 12.76 11.37

_ MACRS 110,09 110,48 110,93 111,44 111.84

@D lsgigancy to SLD 100,00 100,00 100,00 100,00 100,00

BD 115.75 116,04 116.36 116,74 117.10

. MACRS +29.05 +13.14 0.00 ~11.09 -20.73

(3) Ratio SLD +30,04 +13.60 0.00 ~11.50 -91.38
(relative)

BD +99.37 +13.29 0.00 ~11.20 -920.88

Table 12. SA result: Atax rate impact on AIRR

(Unit: %)

Sensitivity D —20% —10% 0% +10% +20%

analysis 0| (16%) (18%) (20%) (22%) (24%)

MACRS| 13.97 13.84 13.70 13,57 13.43

(D) Amount = Ty 1961 12.35 12.09 1182
(absolute)

BD | 1450 14.44 14,37 1431 14.24

© MACRS| 108,55 109.75 110,93 111.44 111.84

Discrepancy| SLD [100.00 100,00 100,00 100,00 100,00\

to SLD BD |112.67 11451 116.36 116.74 117.10

~ |MACRS| +1.97 +1.02 000 -095 -197

@) Ratio " 7T ol 111 000 211 -429
(relative)

BD | 40,90 +0.49 000 -0.42 —-0.90
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