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Measuring the costs of solar energy according to
sustainability accounting for the purpose of producing
electric energy and explaining its impact on
sustainable development, a comparative practical
study
The Researcher: Marwah Jabbar Hlehil

Prof. Dr. Nadhim Hassan Abde sayed
Assist. Prof. Dr. Zuhair Samin Shakar

Abstract
This study deals with a contemporary topic of "solar energy"
and focuses on measuring the costs of solar energy according to
sustainability accounting for the purpose of producing electric
energy and comparing these costs with the traditional energy
costs of producing electric energy, which has a role in achieving
and supporting sustainable development.
The study aims to highlight the role of sustainability accounting
by measuring the costs of solar energy by testing the hypotheses:
e Sustainability accounting is concerned with measuring the costs
of "solar energy" in order to diagnose the expected results of the
dimensions of sustainable development.
e There is a correlation between sustainability accounting and
sustainable development through solar energy.

The study was applied to one of the solar energy projects at the
Technical Institute in Baquba and by using the global solar
energy project simulation program “Pv Syst”. These costs were
compared with the costs of conventional energy to produce
electrical energy in the Najibiya Thermal Power Station, and the
results supported the hypotheses confirming the importance of
sustainability accounting in measuring Solar energy costs and
their role in achieving sustainable development.
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Investment
Direct costs
PV modules
SN360M-10 170 units 125.00 USD / unit 21250.00 USD
Supports for modules 1600.00 USD
Inverters
Conext TL 20000 E 3 units 2600.00 USD / unit 7800.00 USD
Installation
Accessories, fasteners 80.00 USD
Wiring 320.00 USD
Settings 800.00 USD
Net investment (CAPEX) 31850.00 USD
Operating costs
Maintenance
Salaries 1200.00 USD / year
Reparation 400.00 USD / year
Cleaning 240.00 USD / year
Total (OPEX) 1840.00 USD / year
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Main simulation results

System Production Produced Energy 81,36 MWhiyear  Specific prod. 1329 KWhkWplyear
Performance Ratio PR  86.93 % Solar Fraction SF  42.31%

Investment Global incl. taxes  31850.00 USD Specific 0.52 USDWp

Yearly cost Annuities (Loan 0.00%, 25 years) 0.00USDAr ~ Running Costs 184000 USD/yr

Energy cost 0.04 USD/kWh  Payback period 5.1 years

AaeS Jalaill dlee s 28 & g puliall Apunadll A8l el 3lSLaa il (aida
Flad¥) 32 Lo Gl adiad L3y davadll LAY (e dniall Gl oS 48U
LAYy Al oS ALY (5 sindl U] ApaS il 288 g 5 yal) g ga (8  usal
(Produced Energy 81.36 Mwh/year) (3) Jsaall daia se LS dpusadll
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SN Y 5l e BSLaall el ki (e e J guanl

Aol Lol LI datiall 28U 3aa 5 335 (4) Js2a

System summary

Net investment 31850.00 USD
Own funds 31850.00 USD
Loan 0.00USD

Total yearly cost 1840.00 USD / year

Unused energy 88 MWh/year

Energy sold to the grid 72.56 MWh / year

Cost of produced energy 0.04 USD / kWh

(sum of costs over lifetime / total production over lifetime)
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Normalized productions (per installed kWp): Nominal power 61.2 kWp

8 T T T T T T T T T T T
. Lc : Callection Loss (PV-array losses) 0.46 KWh/kWp/day
7 Ls : System Loss (inverter, ...) 0.09 KkWh'kWp/day -
Y1 : Produced useful energy (inverter output) 3.64 KWh/kWpiday

PO SN ENELI B JNN S O

Normalized Energy  [kWh/kWp/day)
b

Jan Feb Mar Apr May Jun Jul Aug Sep Qa Nov Dec

L3 (e 5ol Arseadl) AaidU drealll LAY dua 65 45 Hha e Zualiiy) adiad Cua

Hloral) i) e Uiy e s IS 8 el esel) gl VI 505 lakay Aadl )

e gl YA e Apelidaia¥) LY e 4l Joa il 4l saaad oy (sl £ g il

il 3 i) s e Ll 30Ky 5a¥) lcadl) 308 5 il Blaiad) s GPS Lail y&

(5) Jsaall aaay GlAC iy sall el gl Gy sael e el g LY
dolu Ll SSH gl ja 3 2l (5) Jsal

Electricity sale

Feed-in tariff 0.10 USD/kWh
Duration of tariff warranty 20 years
Annual connection tax 0 USD
Annual tariff variation 0.0 %!/ year
Feed-in tariff variation after warranty -50 %
Self-consumption

Consumption tariff 0.100 USD/kWh
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Return on investment

Project lifetime
Payback period
Net profit at end of lifetime
Return on investment (ROI)

25 years

5.1 years

107411.58 USD
3372 %
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Yearly net profit (USD)
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(sold ) deluall Al 5ol 28Ul 4y il claall L8 YL (8)dsaal) ma
A8 adll (e ¢l (0.10 USD/KWH) saaad o3 (53l aull jaus cius 5 energy
IS (el yall 8 Ay sllaall AL pam allia) &5 el 56U Bl 5 (e 5y siall
self ) (I aladinSU 4 glladll 4 il 400 eI Al 40aS (8) Jsaad) a5
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S M Laaiiuuall 450 eI A8 5 deLuall 350 S A8l (8) Jsaa
a8 A el A8 £ 5 el alEY) jeadl JDA ~L SIS g gandll

lualald) ksl
Year Sold Running Taxable Tax After-tax | Self-cons. Cumul. %
Energy Costs income 0.00 % profit saving profit amortized
2021 7256 1840 4142 0
2022 7256 1840 4142 0
2023 7256 1840 4142 0
2024 7256 1840 4142 0
2025 7256 1840 4142 0
2026 7256 1840 4142 0
2027 7256 1840 4142 0
2028 7256 1840 4142 0
2029 7256 1840 4142 0
2030 7256 1840 4142 0
2031 7256 1840 4142 0
2032 7256 1840 4142 0
2033 7256 1840 4142 0
2034 7256 1840 4142 0
2035 7256 1840 4142 0
2036 7256 1840 4142 0
2037 7256 1840 4142 0
2038 7256 1840 4142 0
2039 7256 1840 4142 0
2040 7256 1840 4142 0
2041 3628 1840 514 0
2042 3628 1840 514 0
2043 3628 1840 514 0
2044 3628 1840 514 0
2045 3628 1840 514 0
Total 163255 46000 85405 0
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Produced Emissions Total: 47.69 tCO2
Source: Detailed calculation from table below
Replaced Emissions Total: 1767.6 tCO2
System production: 81.36 MWh/yr Lifetime: 25 years

Annual Degradation: 1.0 %
Grid Lifecycle Emissions: 869 gCO2/kWh
Source: |EA List Country: lraq

CO2 Emission Balance Total: 1523.2 tCO2

System Lifecycle Emissions Details:

Item Modules Supports
LCE 1713 kgCO2/kWp 5.80 kgCO2/kg
Quantity 25.0 kWp 840 kg
Subtotal [kgCO2] 42818 4869

ok (1523.2) Jhaier €02 e a1 e aliail lin (9)J sl (e oDl
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Saved CO2 Emission vs. Time
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