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i

Includedin the analysis Excluded from the analysis

o Savings from consumption of o Potential savings from reduced
electricity from the grid variable charges under tiered rates (if
© Revenues/Savings from PV electricity applicable)
injected to the grid (if applicable) 0 Potential savings from reduced
@ Costs associated to the PV system capacity charges (if applicable)
@ Taxes or fees on self-consumed PV (if
applicable)

Fees over on-site self-consumption (if o Benefits such as avoided T&D

applicable) investment, reliability benefits and
SO (-) Reduced revenues associated to self- energy cost reduction
Market* consumed PV Needed investments such as grid
(=) subsidies on PV generation (if reinforcements
applicable) @ Increase in balancing costs
o VAT of PV investment o Other benefits such as indirect tax
o VAT of operating costs cullectluns_: resulting frum_mcreased
o T _ t revenues in other economic sectors
axes over insurance cos i
Collector (e.g. equipment manufacturers)
o Corporate tax rate of installer
@ Taxes and levies over electricity gv: .
Positive impact
Note: *The Electricity Marketencloses generators, suppliers, TSO, DSO, regulators, and electricity consumers (=) Negativeimpact

source: |@ErearaAnalysis

Figure 7. Cash flow components considered in the analysis
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Consumption and PV generation (week of January) Consumption and PV generation (week of July)
5 5
4 - 4
3 - 3 -
= L _,g
f
2 - 2 // |
9 - 2
9 ) ’ \MJ‘X }\\ Ncu A./A[L 5
| s
0 ] //\:\\ ] ﬂ / ' ] j‘i//\ ] ] f\ I 1 0 _} A}
Monday Tuesday Wednes. Thursday Friday Saturday  Sunday Monday Tuesday Wednes Th_ursday Fnday Saturday Smday
_t
Key:
PV -to-load ratio 60% —— Consumption
- - = PV generation
Self<consumption ratio 56%
Note: The generation curve in Romewas used as a reference
Source: @#AreardaaAnalysis

Figure 8. Generation curve and electricity load (winter and summer)
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.- Impact of PV self-

100%
* VAT \/ Prosumer
Taxes (19%) ..
* Other eventual taxes on electricity 3¢ Tax Collector
80% - B T T T T e e e e e e e e e e e
Greezr;;axes * Subsidies and incentives for RES
60% . @440 \/ Prosumer
Grid 3¢ Electricity Market
charges * Network costs allocated to the per kWh term
40% - (2%
* Non-regulated costs: ‘/
20% - Energy cost - Wholesale energy price Prosumer
{3511&} - pp ':f
Key:
0% -

| v Revenues/savings

X Costs/decreased revenues

Source: [(FIredrdAnalysis

Figure 9. Segmentation of the variable components of the retail electricity tariff
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Retail rate with taxes

Peak EUR/kWh 0,23 -
Off peak EUR/kWh 0,19 -
Standard EUR/kWh 0,22 .
Annual fee per meter EUR 13,00 Meter charge (scenario without PV)
Conservative estimate (the higher the
Estimated annual price o S price increase, the better the
increase of grid electricity profitability of the investment for the
prosumer)
Annual solar irradiation kWh/m2/yr 1611
Performance Ratio (PR) % 0.8 2
Size kW 3 -
Turnkey cost EUR/Wp 2 =
Annual degradation rate % 0,5% -
Lifetime of the investment years 30 -
Operating costs EUR/(KWp.yr) 0 Includes annual D&b:ﬂ and insurance
costs (5 Currency Unit/kWp per year)
Tax on insurance % 6% Based on average market values
o o 9% It is assumed ttht operating costs
grow according to the CPI
fiverter replacerment EUR/W 0,26 The inue_-rte_r is replaced once during
the lifetime of the PV system
Financing
Leverage % 50% -
Interest rate % 7% A tenure of 10 years is assumed
Discount rate o 7%/ 5% Prosumer/ .T?x Collector and
Electricity Market
kWp/kW ratio - 145 .
Installer margin % 20% -
Corporate tax rate % 30% -

Table 25. Parameters used in the analysis
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Payback

EUR/kW

5 000

4 000

3 000

2 000

1 000

-1 000

-2 000

32 12 12 10 3

4011

1417

Fee + no comp. FiT Net-billing MNet-metering Generation + FiT

599 679

-1496

Figure 10. NPV per installed kW (30 years) for the prosumer per Business Case
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NPV:-4 473 EUR

Payback period: 32 years

2 000

1000 +

EUR

9 1

Inverter replacement

13 15 17 19

Key:

BOPEX

OPrincipal repayment cost
Binterest repayment
OCAPEX

OFee on self-consumption
®Electricity Bill Savings

23 25 27

Figure 11. Annual cash flows for the prosumer under “Fee + no comp”
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NPV:11 933 EUR Payback period 3 years

1

Inverter replacement
EUR

-2 000 -
@ Revenues from PV injected into the grid
BOPEX

-3 000 - OPrincipal repayment cost
B interest repayment
0 Revenues on selfconsumption
@Electricity Bill Savings

5000 -

1 3 5 7 9 1" 13 15 17 19 21 23 25 27 29

Figure 12. Annual cash flows for the prosumer under “Generation + FiT”
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48

Fee + no comp.

FiT

Net-billing Net-metering

W Excess PV W Self-consumed PV

Generation + FiT

Figure 13. Annual impact per installed kW for the Electricity Market per Business Case
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A D E
Fee+ no comp ' Net-billing Net-metering Generation+FiT =

(+ M VAT of PV investment

o Corporate tax rate of
installer

o VAT of operating costs

° Taxes over insurance cost

VAT from fee on self-
consumption

@ Taxes from on-site self-
consumption

@ Taxes from compensated
PV electricity

@ VAT from meter rent

Key:

Positive impact

Note: * Under Net-Metering the impact is higher than under Net-Billing, as in the former the prosumer saves on 100% of the taxes o Siaoative) = ¢
associated to compensated electricity, whereasunder the later the prosumer saves on part of the taxes (© Negativeimpac

Source: (BIreqrd Analysis

v  Has an impact
% Has no impact

Figure 14. Impacting elements on the Tax Collector for each Case
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800 -

700

600

4 VAT on investment

/ Corporate tax of EPC

200 -

400
EUR/
KW 300

200

100

-100

Reduced taxes on
| electricity consumption

-200 -

Years

—Fee + no comp.

Net-metering

VAT from inverter replacement

25 27 29

Figure 15. Annual cash flows for the Tax Collector (“Fee + no comp” and “Net-metering’)

I
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e Fe€ + NO COMP.

——= Net-metering

1 3 5 7 9 1" 13 15 17 19 21 23 25 27 29
Years

Figure 16. Accumulated cash flows for the Tax Collector ("Fee + no comp” and “Net-metering’)
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600

500

400

300

Fee + no comp. Generation + FIiT

Net-billing Net-metering

Figure 17. NPV per installed kW (30 years) for the Tax Collector
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1000
159 6
800
131
W 515
= 400
it
=
=
w200
0
-200
-266
-1062 12
-400
Investment Revenues from VAT from O&M  Tax over VAT from VAT from Total
VAT installer costs insurance electricity meterrent
corporate tax consumption

rate

Figure 18. Segmentation of impact for the Tax Collector (example “Net-metering’)
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NPV/investment -0,2% 28,7% -62,4% 59,7%
6 000
4 000
2 000
s o
-g -
= -2000
-4 000
-6 000
-8 000
Fee + no comp. FiT Net-billing Net-metering
7 Prosumer -1 496 599 679 1417
m Electricity Market 932 -1498 -2110 -2626
m Tax Collector SR 190 -110 -266

Figure 19. Costs associated with each Business Case (NPV per kW)

-71,5%

Generation +
FiT
4011
-5930

153
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100% -

75%

90% -

25%

0%

19% 19% | Taxes

Green taxes

e 17% | Grid costs

L
2% F-
-
L,

%L Energy

Base scenario Sensitivity Analysis Case

Source: redrdanalysis

Figure 20. Retall tariff structure for Base-Case and Sensitivity Analysis Case
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NPV 1 kW 3 kW 7 kW Optimum capacrtv
(€/kW) SC ratio 81% SC ratio 56% SC ratio 33%

Fee + no comp. -1,014 -4,494 -14,515
FiT 911 1,794 1,281 ”3,3
Net-billing 1,133 2,030 -444 ~2,6
Net-metering 1,254 4,253 1,854 ~3,8
Generation + FiT 4,698 12,024 22,731 ==
Keys

Better than Base Case

Source: Eremrﬂﬂnﬂfysfs Worse than Base Case

Table 26. NPV for the prosumer when different values of the PV installed capacity are applied
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Electricity Market Tax Collector
NPV (EUR/kW) m_

Base S.A.C* Base S.A.C* Base S.A.C*

Fee + no comp. -1 496 -1 698 932 952 558 537
FiT 599 -498 -1 498 -599 | 190 413
Net-billing 679 -199 -2 110 1033  -110 168
Net-metering 1417 -317 -2 626 -1012 -266 151
Generation + FiT 4011 2683 -5 930 -3 078 153 331
Keys
*Sensitivity Analysis Case Better than Base Case
Source:(@reqraAnalysis | 'Worse than Base Case

Table 27. NPV per installed kW (30 years) for all stakeholders per Business Case and Scenario
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Grid Parity Mark with Competitiveness Mark
non compensable grid with non compensable
fees and taxes | grid fees and taxes

Competitiveness Mark

Grid Parity Mark Competitiveness Mark ,
with wholesale prices with solar wholesale
prices

A

PV LCOE
Retail electr?city Prices

! P
F - . ”
i 0%
~ . = -
o - "N
y s "4 ) R e ) - - "
Y % e
~ L
> ~ \
3

Uncompetitive PV

Any additional grid costs or taxes to be paid or that can not be compensated shifts the thresholds to the right

Full competitiveness will require to be
competitive under the real value of solar on
wholesale market. This value can be lower

Need for a premium above self-consumed electricity
than the average market price.
Self-consumed
electricity
Value > Retail Price Net-metering Retail price > Value > Average wholesale Value of solar PV on
(value = retail Wholesale market price Market Price the wholesale
Excess PV electriicity price) market

Figure 21. Steps toward Competitive PV Systems using Self-consumption
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30.0% -

— SEifC onsumption/ Consumpt ion

= AL TOCON Sumption / PV production

10.0%

0.0%

& 8 10 12

o | 1
i4 1
F\Fpnwﬂﬁfk'-l-"p]

Figure 22. SC and SS ratios for residential case in Germany (consumption 4,5 MWh/year)

(Source: Total, V. Cassagne)
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Figure 23. Consumption profiles of household (first) and commercial (second) activity in Germany (source E-On)
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100.0% -

90.0%
80.0%

70.0% -

60.0%
50.0%

40.0%

30.0% -

20.0%
10.0%
0.0%

s Se[fconsumption / Consumption 12h

e Selfconsumption / PV production 12h

= = = Sglfconsumption / Consumption 3h

\ = = = Selfconsumption / PV production 3h

PV system size (kWp)

Figure 24. Effect of moving a washing machine or a dish washer from night to noon on self-

consumption ratios (source: Total, V. Cassagne)
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Figure 25. Self-consumption ratios comparing residential and commercial application in Germany
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(source: Total, V. Cassagne)
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4

Source: (FredrdAnalysis

<+— VE used to commute —»

1234567 8 91011121314151617 181920212223 24
Hoursin a day

Charging hours
B PV generation

Figure 26. Daylight hours and EV charging hours
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Revenues required
to cover fixed costs

' |variable I Reduced revenues
kWh il
(per ) from self-
consumption
Eme;cted ______ S __________Revenuesreceived
revenues from -
ri term
energy Covers ~60% Va(p:rbl ISVh)
consumption of fixed costs Revenues
Covers <60% || fromactual
of fixedcosts || €"€"9Y
consumption
v

Fixed term
(per kW)

Fixed term
(per kW)

Covers ~40%
of fixed costs

Covers ~40%
of fixed costs

Low PV self-consumption High PV self-consumption

Source: (@PIreqArdq Anawysis

Figure 27. lllustration of T&D revenues with low and high penetration of PV self-consumption
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Smart appliances Demand management
SMART GRID Can shut off in response I Use can be shifted o off-
A vision for the future - a network frequency fluctuations. peak times 10 save money
of integrated microgrids that can
monitor and heal itsell,

overall demand on the grid. m.
J -

plant

Figure 28. Smart Grid lllustration
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I

COMPETITIVE PPA 0,3%

FEED-IN TARIFF THROUGH TENDER, 2,7%
INCENTIVIZED SELF-CONSUMPTION

OR NET-METERING, 4,6%
NON-INCENTIVIZED
SELF-CONSUMPTION, 3,7%

DIRECT SUBSIDIES OR TAX BREAKS, 19,7% -

TRADING OF GREEN CERTIFICATES OR
SIMILAR RPS-BASED SCHEMES, 4,4%

FEED-IN TARIFF (FOR THE
ENTIRE PRODUCTION) 64,6%

Figure 29. Historical Market Incentives And Enablers (IEA PVPS Trends 2015)
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COMPETITIVE PPA, 1.1%
FEED-IN TARIFF THROUGH TENDER, 5,6%

INCENTIVIZED SELF-CONSUMPTION
OR NET-METERING, 16,0%

NON-INCENTIVIZED
SELF-CONSUMPTION, 0.2%

DIRECT SUBSIDIES OR TAX BREAKS, 16,1%

TRADING OF GREEN CERTIFICATES OR
SIMILAR RPS-BASED SCHEMES, 2,4%

FEED-IN TARIFF (FOR THE
ENTIRE PRODUCTION), 58,6%

Figure 30. 2014 Market Incentives And Enablers (IEA PVPS trends 2015)
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incentivized seif-
consumption
24, 8%

Incentivized net-
metering or net-oilling

9.1%

Non-incentivized
self-consumption
0.2%

Maon-incentivized
net-metering or
net-billing
Z.3%

Other drivers
63.5%

Figure 32. Different types of self-consumption schemes
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Figure 33. lllustration of market types according to market characteristics
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High Low
4 Market in transition
w
LA
i
(\.
2
< )
o.
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=
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®* Fosters self-consumption
* Hampers self-consum ption

Source: @reara Analysis

Figure 34. Country positioning according to PV market characteristics
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