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Digital value propositions

Portfolio of digital products and services

E-business E-marketing

+

Automated billing and customer service

{(4—, Al and ML for data analytics

Automation and robotics  Cloud and edge computing
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Digital value creation

ICTs Digital documentation and skills  Digital twins

Cybersecurity

+
Conventional value propositions

(3)
+ /

Addressable markets Customer base

Products portfalio Product quality

Energy efficiency Product and service price

Preventive and corrective maintenance  Energy processe;

(2) Conventional value creation

Energy infrastructure production capacity ~ Personnel

Energy |nfraslruc‘cur+e RUL ... -» Number of failures
ANy =

+

Financial value capture

Total revenues Q&M costs

+

_ Investment costs

. - e
Total net benefits 4

Re-investments

+ AT
Financial DR -—-+  Financial CBA results - Expected profitability
+
o
(12) Social value capture
______________________________________________________________ /_/
i + (1 Enabled new business models and knowledge spillovers -
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2" Shadow prices » Adjusted financial CBA g e
e * results Positive environmental and social externalities PRy
- -
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" to stakeholders with standing -
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l Step 1. Mapping digital technologies into value dimensions

| Step 2. Identifying functionalities affected by digitalization

| Step 3. Defining the causal loop diagram

- No
——==——""__Slep 4. Qualitative model validation  ——————

1 Yes
I Step 5. Formulating the stock and flow model ‘

P, S No
—=——"""_Step 6. Quantitative model validation ———————

| Yes
I Step 7. Performing the financial and social CBA ‘

| Step 8. Carrying out the uncertainty analysis ‘
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Method  Model basis Scope considered Assessment Feedback loops ~ Validation Data Handling Modeling efforts Uncertainties
Static Linear model with Reductionist Assumption-based Not Opaque Opaque Moderate Economic
CBA static assumptions and local scale  and low granularity ~ considered assumptions  spreadsheets and assumptions

Model-based and

moderate granularity

Dynamic White-box and Systems

CBA nonlinear models  perspective

Considered

and validity ~ limited data

Consistency  Significant data ~ High Model assump-

and historical collection tions and

validation correlations
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Item Variable Formula

1 Stock of digital products = (0" + INTEG(Increase rate of digital products)

2 Stock of digital assets = 0" + INTEG(Increase rate of digital assets)

3 Stock of EV chargers = 0"+ INTEG(Increase rate of EV chargers)

4 Total CAPEX = Pulse(Initial time {Years}, CAPEX of smart grids® + CAPEX of digital platforms, 0)
5 Total social benefits = Electricity bill savings + Total environmental benefits®

6 Total CO, emissions savings = Carbon price x (Carbon emissions saving from electric mobility +

7 Increased hosting capacity

8 Increased customer awareness

9 Total financial® benefits

10 DSO revenues

11 Financial®. Current time PV

12 Financial®. Yearly DCFs

13 Financial®. Total net benefits

14 Financial®. Cumulative DCFs

15  Financial®. NPV

16 Social. Payback rule

17 Financial. Payback rule

18  Incremental WACC share

19 WTI share

20  WTI in digital platforms

21 WTI in digital assets

22 WTTI in EV chargers

23 WTl in digital platforms from technology maturity
24 WIT in digital assets from technology maturity
25 Reinvestment CAPEX

Carbon emissions savings from customer awareness + Carbon emissions savings from RES)

= Correlation hosting capacity and increased digital assets(Technological maturity digital assets)
= Correlation incremental awareness customers(Technological maturity digital platforms)

= Pulse(Initial time + 1 {Years}, DSO Revenues, Years())

= Revenues from current WACC x IF THEN ELSE(Incremental WACC Share > 1,

Incremental WACC share, Incremental WACC share + 1)

= (1 + Financial discount rate x Time step) " ((Time — Initial time)/Time step)

= Financial. Total net benefits/Financial. Current time PV

= Pulse(Initial time + 1) Years, DSO Revenues, Years())— Reinvestment CAPEX — Total CAPEX
= Sum(PastValues(Yearly DCF))

= Max(Pulse(TimeLength(), Financial. Cumulative DCFs, 0))

= IF THEN ELSE(Social. Cumulative DCFs >0, 1, 0)

= IF THEN ELSE(Financial. Cumulative DCFs > 0, Financial. Cumulative DCF/Total CAPEX, 0)
= INTEG(Social. Payback rule x Factor WACC)

= Financial. Payback rule x WTI Factor

= 0"+ INTEG(IF THEN ELSE(WTI share > 0, WTI due to positive payback +

WTI in digital platforms from technology maturity, 0))

= 0"+ INTEG(IF THEN ELSE(WTI share > 0, WTI share +

WTTI in digital platforms from technology maturity, 0))

= 0"+ INTEG(IF THEN ELSE(WTI share > 0, WTI share + 0.2%, 0))

= WTI in digital platforms from technology maturity table (Stock of digital platforms)

= WTI in digital assets from technology maturity table (Stock of digital platforms)

= Incremental CAPEX EV chargers + Incremental CAPEX digital platforms +

Incremental CAPEX digital assets

*Initial stock values and asset depreciation are considered zero during the simulation.
®Includes CAPEX from installed equipment, devices for smart services, testing and software development, and EV chargers.
¢ Includes benefits from primary energy savings, and from the reduction of CO,, NO_, and SO, emissions. Details of these benefit categories are provided in the

SD model (refer to Research Data in Appendix A).

4 The initial WACC depends on the original values for Scenarios A and B, retrieved from Ref. [61].
¢ These variables have the same logic for the financial and social layers.
[ This study assumes that the technology maturity of EV chargers will not be influenced by the smart grid project, in contrast to digital assets.
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Model parameter Value Unit

Financial layer

CAPEX digital platforms® 2.2 x10® EUR
CAPEX communication® 0.4 x10° EUR
CAPEX software digital assets 1.6 x10® EUR
CAPEX interface DSO* 22 x10° EUR
CAPEX EV chargers® 1.0 x10° EUR
Financial discount factor 4.0 %
Reinvestment Factor WACC® 1.5 Unitless
WTI Factor® 1.0 Unitless
Social layer
Carbon price 15 EUR-t™
Conversion electricity energy toe 0.187 Ton of equivalent

(toe)- (MW +h) ™!

Equivalent hours of RES production  2056.667 h-a™!

Electricity tariff 0.15 EUR-(kW-h)"
Price oil barrel 65 EUR -barrel ™
Social discount factor 25 %

Price of SO, 6100 EUR-t"

Price of NO_ 5700 EUR-t"!

* CAPEX has been divided into smart grids and digital platforms to disag-
gregate the unitary costs of each technology.

® Parameters assumed to have a negligible influence in Scenarios A and B,
whereas in Scenarios C and D, these adopt the values outlined in the table.
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Scenario Description

Variable setting

A. Static and BaU WACC

will remain fixed during the project’s lifetime

B. Static and extended WACC

This scenario treats a reduced WACC for the DSO remuneration, provided the project’s assumptions WACC = 7.4%

Reinvestment (*) =0

The NRA provides additional remuneration when projects are expected to provide significant social bene- WACC = 9.4%

fits. Here, an extended WAC for the DSO as detailed in Ref. [61], assuming fixed assumptions as in A Reinvestment = 0

C. Dynamic and BaU WACC

project lifetime, considering reinvestments

This scenario treats a baseline WACC and assumes the project’s parameters will change during the WACC = 7.4%

Reinvestment > 0

D. Dynamic and extended WACC This scenario involves applying an extended WACC for the DSO remuneration, incorporating rein- WACC = 9.4%

vestments feedback loops as in Scenario C

Reinvestment > 0

(") Within the model, reinvestment rates are addressed using a rule-based approach. This process entails capitalizing on the correlation between positive cumulative

DCFs and an additional WACC factor accrued by the DSO.
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Social metrics
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Metric/scenario ~ Social NPV (x10° EUR)  Financial NPV (x10° EUR)
Scenario A 4.03 -2.95
Scenario B 7.99 0.78
Scenario C 20.47 0.68
Scenario D 0.68 3.76
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Sensitivity analysis. Scenario C.
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