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RESUMEN DEL PROYECTO

Las minirredes se han convertido en la soluciéon mas econdémica para la electrificacion de
una gran parte de las éareas rurales o remotas, con una tecnologia probada y una
implementacion rapida. Sin embargo, la viabilidad financiera de estos proyectos rara vez se
logra. En esta tesis, se ha desarrollado un modelo financiero detallado para proyectos de
minirredes, que produce resultados cuantitativos del rendimiento financiero. Este modelo se
aplica a dos marcos regulatorios: una tarifa desregulada donde los consumidores pagan
segun su disposicion a pagar (willingness top pay), y una tarifa regulada mucho menor. Los
resultados muestran que la tarifa desregulada esta muy cerca de recuperar los costes para una
minirred de alta calidad con un 95% de fiabilidad, con una subvencion inicial del 50% de
CAPEX, se puede lograr una TIR sobre el capital privado del 10% al 14%. Con la tarifa
regulada, existen dos opciones para la viabilidad financiera: subsidios anuales en la tarifa
que llegan a 3 veces la inversion inicial o reducir la calidad de la minirred a alrededor del
50% de fiabilidad, manteniendo las subvenciones iniciales sobre el CAPEX.

Palabras clave: Minigrids, acceso universal, modelo financiero, financiacion, regulacion de

minirredes.

1. Introduccion

Segun las Naciones Unidas (ONU), mas de 700 millones de personas en todo el mundo
carecen de acceso a la electricidad. Este problema adquiere una especial relevancia en
Africa, donde el 43% de la poblacion todavia vive sin luz eléctrica. Sin embargo, los
esfuerzos actuales de electrificacién no son suficientes para alcanzar el objetivo del
acceso universal en 2030. Segun las politicas actuales, la Agencia Internacional de
Energia (AIE) prevé que alrededor del 40% de la poblacion seguird sin acceso en 2030
en Africa subsahariana [1]. Aunque ha habido un progreso impresionante en la
electrificacion en los ultimos afios, el crecimiento se estd desacelerando, ya que las
regiones restantes sin acceso a la energia eléctrica son cada vez mas dificiles de alcanzar.
El camino hacia la electrificacion completa en 2030 tiene diferentes herramientas, a
algunos clientes llegara la red principal, y otros recibiran electricidad a través de
minirredes (aisladas o conectadas a la red) u otros sistemas independientes. Las
minirredes son la solucion Optima para poblaciones rurales con baja demanda, aunque
por encima de un minimo, y que estan lo suficientemente alejadas de la red principal de
distribucion. La AIE estima que las minirredes son la solucidon Optima para
aproximadamente la mitad de la poblacion rural.

Las minirredes son sistemas de generacion pequenos (de 10 kW a 10 MW), que
suministran a un nimero limitado de clientes. Esta red puede operar desconectada de las
redes de transmision y distribucion nacionales principales. Estos sistemas de generacion



tienen varias ventajas: pueden proporcionar energia de alta calidad y con seguridad de
suministro; y se instalan de manera rapida y relativamente sencilla.

Hay suficiente capital interesado para financiar estos proyectos, siempre y cuando haya
un modelo de negocio sostenible y rentable. Sin embargo, la industria de las minirredes
todavia esta lejos de consolidarse, y para lograr el desarrollo deseado de acceso a la
energia a un ritmo rapido, el sector privado y publico deben cooperar. Es esencial que se
implementen politicas adecuadas, asi como subsidios, para lograr la escala necesaria de
modelos de negocio sostenibles. El ritmo actual de implementacion es de menos de 1000
minirredes al afio. Se necesitara un aumento de dos 6rdenes de magnitud para finales de
esta década si se quiere lograr un acceso universal. Para desbloquear el capital privado
necesario para alcanzar el ODS7, se necesita un modelo de negocio viable. Los
inversores privados todavia consideran las minirredes como una inversion de alto riesgo
y baja rentabilidad.

Definicion del proyecto

El proyecto se divide en tres etapas:

Primero, una revision bibliografica para comprender el estado de la industria de las
minirredes y obtener los datos necesarios para desarrollar el modelo financiero.

En segundo lugar, el desarrollo de un modelo financiero detallado para evaluar el
rendimiento de los proyectos de minirredes. Este modelo consta de tres bloques: flujos
de caja, cuenta de resultados y estructura de financiacion. Mediante la incorporacion de
variables de entrada de costes y tarifas, el modelo genera informacion sobre los flujos de
efectivo generados por los activos del proyecto. Esto, a su vez, facilita decisiones
informadas sobre la estructura de financiamiento Optima que abarca subvenciones,
capital y deuda. Ademas, el modelo sirve como plataforma para derivar indices criticos
de rentabilidad, como la Tasa Interna de Retorno (TIR) y el periodo de recuperacion.

En tercer lugar, con el modelo desarrollado, se prueban dos escenarios regulatorios
diferentes: una tarifa regulada y baja para los consumidores, y una configuracién de tarifa
desregulada, donde los clientes pagan su maxima disposicion a pagar. Se calculan las
subvenciones necesarias, y se analiza la rentabilidad para los accionistas.

Con los resultados de estos estudios de caso, se extraerdn conclusiones y
recomendaciones de politicas y regulacion.

Descripcion del modelo
El modelo esta desarrollado en Excel y puede dividirse en entradas, calculos y salidas:

Entradas: variables macro como inflacion, cambio de divisas y tipo impositivo; ratios
operativos para el capital circulante; costes: CAPEX y OPEX; ingresos: tarifas, demanda
y crecimiento de la demanda; estructura de financiacion: fondos propios, subvenciones
y deuda, con sus condiciones.

Resultados: flujo de caja, saldo de tesoreria cada afio, pérdidas y ganancias, medidas de
rentabilidad (TIR).



Los datos para los estudios de casos proceden del Reference Electrification Model
(REM) del MIT-IIT, de la revision bibliografica de la normativa en India y de una
estimacion de la disposicion a pagar de los consumidores, asi como de otras fuentes,
como el Fondo Monetario Internacional y el Banco Mundial para las condiciones de
financiacion.

Resultados

Caso I: Minirred de alta fiabilidad, tarifa desregulada, se cobra a los consumidores lo que
estan dispuestos a pagar [2]. El proyecto es solvente todos los afios, con saldos positivos
de tesoreria e ingresos netos positivos. Se pueden pagar dividendos la mayoria de los
anos, con una TIR final sobre la inversion privada del 10,7%, o del 14% si el proyecto
se vende el ultimo afio. Para obtener estos rendimientos es necesaria una subvencion del
50% de la inversion inicial.

Tabla 1. Resumen de los resultados

Case | Case lI-1 Case II-2
Project is viable Yes Yes Yes
Minigrid reliability 95% 95% 50%
Tariff 22Rs - S0,264 7Rs - S0,084 7Rs - %0,084
Grant $1,000,000 $6.693.000 $2,630,000
Equity IRR 10,7% - 14% 10.4% 8.7%

Caso II-1: Red de alta fiabilidad. Tarifa regulada (7Rs) y subvencion publica del 60%
del CAPEX, segun la regulacion actual [3]. Sin més subvenciones anuales, el proyecto
quiebra. Con significativas subvenciones adicionales sobre la tarifa, se puede conseguir
una rentabilidad similar a la del Caso 1.

Caso 1I-2: Minirred de baja fiabilidad. Tarifa regulada y subvencion publica del 60% del
CAPEX. El proyecto es viable desde el punto de vista operativo y mantiene saldos de
caja positivos. La rentabilidad para los inversores privados es significativamente menor
que en los otros dos casos.

Conclusiones

Las principales conclusiones de este estudio en relacion con el modelo financiero son las
siguientes:

1. Un modelo financiero completo es crucial para evaluar la viabilidad de los proyectos
de minirredes, atendiendo a diversas partes interesadas como consumidores, inversores,
fondos de desarrollo y responsables politicos.

2. La viabilidad financiera de un proyecto de minirred depende en gran medida de la
estructura tarifaria. Cuanto mayor sea la diferencia entre la tarifa y los costes reales de



la minirred, més dificil sera que el proyecto prospere. Incluso pequeias diferencias en la
tarifa pueden tener un impacto acumulativo sustancial a lo largo de la vida del proyecto.

Con respecto a los casos de estudio

3. Una tarifa no regulada que refleje la disposicion a pagar del cliente se acerca mucho
a la recuperacion de costes para una minirred de muy alta calidad (95% de fiabilidad).
Con una subvencion de la mitad de las inversiones iniciales, el proyecto es viable y
rentable para los accionistas (TIR del 10% al 14%)).

4. La tarifa regulada de la India, a pesar de las subvenciones estatales y locales para
CAPEX, es inviable desde el punto de vista financiero para una minirred de alta calidad
sin subvenciones tarifarias anuales adicionales, debido a la importante diferencia entre
la tarifa y los costes. Con subvenciones sustanciales (en torno a 3 veces la inversion
inicial), el proyecto llega a ser rentable con un resultado similar al de una tarifa no
regulada.

5. Aunque las subvenciones anuales hacen que el proyecto sea rentable, depender tanto
de las subvenciones prometidas afiade un riesgo muy importante a la minirred, ya que
cualquier cambio en la regulacion podria provocar la quiebra inmediata.

6. La baja tarifa regulada puede funcionar a corto plazo para una minirred de baja
calidad, con conexiones inferiores para los clientes. Sin embargo, no es viable a largo
plazo cuando se necesitan inversiones de mantenimiento sin subvenciones adicionales o
refinanciacion.

7. Las minirredes de menor calidad no son intrinsecamente mas rentables que las redes
de alta calidad en términos de (LCOE). La viabilidad de estas redes de menor calidad
depende en parte de que los clientes compren menos energia de la que en realidad
demandarian debido a su menor fiabilidad, lo que amplifica el impacto de las diferencias
entre costes e ingresos.
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ABSTRACT

Minigrids have become the most cost-effective solution for a great fraction of the
electrification of rural or remote areas, with a proven technology and fast deployment.
However, the financial viability of these projects is rarely achieved. In this thesis, a detailed
financial model for minigrid projects has been developed, that outputs quantitative results of
the financial performance. This model is applied to two regulatory frames: a deregulated
tariff where consumers are charged their willingness to pay, and a low regulated tariff. The
results show that the deregulated tariff is very close to cost recovery for a high quality 95%
reliability grid, with an initial grant of 50% of CAPEX, equity IRR of 10% to 14% can be
achieved. With the regulated tariff there are two options for financial viability: annual
subsidies on the tariff that sum up to over 3 times the initial investment or reducing the
quality of the minigrid to around 50% reliability, keeping initial grants on CAPEX.

Keywords: Minigrids, universal access, financial model, financing, minigrid regulation.

1. Introduction

According to the United Nations (UN), over 700 million people worldwide lack access
to electricity. This problem takes especial importance in Africa, where 43% of the
population still live in the dark.

However, current electrification efforts are not near enough to reach the United Nation’s
objective of universal access by 2030. Under the current policies, the International
Energy Agency (IEA) predicts that around 40% of the population will still lack access
in 2030 in Sub-Saharan Africa [1]. Although there has been an impressive progress in
electrification in the past years, the growth is slowing down in recent times, as the
remaining regions without access to electric energy are becoming harder to reach.

Many institutions have shown that the path towards complete electrification in 2030 has
different tools, some clients will be reached with extensions of the main grid, and others
will be supplied electricity with mini grids (either isolated or connected to the grid) or
other standalone systems. Mini grids are the optimal solution for rural populations with
low, but enough demand, and that are far enough from the main distribution grid. The
IEA estimates that approximately half of the rural population would be best served with
minigrids.

Minigrids are small generation systems (10kW to 10MW), that supply a limited number
of customers. This grid can operate disconnected from the main national transmission
and distribution networks. These generation systems have a number of advantages: they
can provide high quality and reliable power; and they are fast and relatively easy to



install. There is supposedly sufficient interested capital to fund these projects, as long as
there is a sustainable and profitable business model.

However, the minigrid industry is still far from consolidated, and in order to accomplish
the desired fast-paced development of energy access, the private and public sector must
cooperate. It is essential that appropriate policies be implemented, as well as subsidies,
to achieve the scale necessary for sustainable business models.

The current deployment pace is less than 1000 minigrids a year. A two order of
magnitude increase will be needed by the end of this decade if universal access is to be
achieved. To unlock the necessary private capital to reach the SDG7, there is a dire need
for a viable business model. Private investors still consider minigrids as a high risk-low
return investment.

Project definition

The project is divided into three steps:

First a literature review to understand the state of the minigrid industry, and to obtain the
necessary data to develop the financial model.

Second, the development of a detailed financial model to evaluate the performance of
minigrid projects. This model consists of three blocks: cashflows, P&L and finance
structures. Through incorporation of input variables, encompassing costs and tariff
considerations, the model generates insights into cashflows generated by project assets.
This, in turn, facilitates informed decisions regarding the optimal financing structure
encompassing grants, equity, and debt. Furthermore, the model serves as a platform to
derive critical profitability indices such as the Internal Rate of Return (IRR) and payback
period.

Third, with the developed model, two different regulatory scenarios are tested: a
regulated, low tariff for consumers, and deregulated tariff setting, where customers are
charged what they are willing to pay. The necessary subsidies and grants are calculated,
and the profitability for equity holders analyzed.

With the results from these case studies, conclusions and policy recommendations will
be extracted.

Description of the model

The model is developed in Excel, and can be divided into inputs, calculations, and
outputs:

Inputs: macro variables like inflation, currency exchange and tax rate; operational ratios
for the net working capital; costs: CAPEX and OPEX; revenues: tariffs, demand, and
demand growth; financing structure: equity, grants and debt, with its conditions.

Outputs: cashflow, cash balance every year, P&L, profitability measures (IRR)

The inputs to the case studies are drawn from the MIT-IIT Reference Electrification
Model, literature review for the regulations in India, and an estimate of consumer’s



willingness to pay, and other sources, like the International Monetary Fund and the
World Bank for financing conditions.

Results

Case I: Hight reliability minigrid, deregulated tariff, consumers are charged what they
are willing to pay [2]. The project is solvent every year, with positive cash balances, and
positive Net Income. Dividends can be paid most years, with a final IRR on equity of
10.7%, or 14% if the project is sold on the final year. A 50% grant on initial CAPEX is
needed for these returns.

Table 1. Results summary

Case | Case lI-1 Case II-2
Project is viable Yes Yes Yes
Minigrid reliability 95% 95% 50%
Tariff 22Rs - S0,264 7Rs - S0,084 7Rs - %0,084
Grant $1,000,000 $6.693.000 $2,630,000
Equity IRR 10,7% - 14% 10.4% 8.7%

Case 1I-1: High reliability grid. Regulated tariff (7Rs) and a government grant on 60%
of the CAPEX, according to current regulations [3]. Without more annual subsidies the
project goes bankrupt. With additional and significant subsidies on the tariff, similar
profitability to Case I can be achieved.

Case II-2: Low reliability minigrid. Regulated tariff and a government grant on 60% of
CAPEX. The project is operationally viable and keeps positive cash balances until the
last year, where there is not enough built-up cash to reinvest in maintenance CAPEX.
Profitability for private investors is significantly lower than on the other two cases.

Conclusions
The key conclusions from this study regarding the financial model are as follows:

1. A comprehensive financial model is crucial for assessing the viability of minigrid
projects, catering to various stakeholders like consumers, investors, development
funds, and policymakers.

2. The financial viability of a minigrid project is heavily influenced by the tariff
structure. The greater the gap between the tariff and actual minigrid costs, the more
challenging it becomes for the project to thrive. Even minor differences in the tariff
can have a substantial cumulative impact over the project's duration.

Regarding the case studies:

3. An unregulated tariff that reflects the customer’s willingness to pay is very close to
cost recovery for a minigrid of very high standards (95% reliability). With a grant of
half the initial CAPEX, the project is viable and profitable for equity shareholders
(10% to 14% Equity IRR).



4. India's regulated tariff, despite government CAPEX grants, is financially unviable
for a high-quality minigrid without additional annual tariff subsidies due to a
significant gap between tariff and costs. With substantial subsidies (around 3x the
initial investment), the project becomes profitable with a similar outcome as with an
unregulated tariff.

5. Although continued subsidies make the project profitable, depending so heavily on
promised subsidies adds a very significant risk to the minigrid, since any changes in
regulation could result in immediate bankruptcy.

6. The low regulated tariff can work in the short term for a lower quality minigrid, with
subpar connections for customers. However, it is not viable in the long term when
maintenance investments are needed without additional grants or refinancing.

7. Lower quality minigrids aren't inherently more cost-effective than high-quality grids
in terms of Levelized Cost of Electricity (LCOE). The viability of these lower-quality
grids partially hinges on customers purchasing less energy than demanded due to
lower reliability, thereby amplifying the impact of cost-revenue gaps.

References

[1] International Energy Agency, “TRACKING SDG7. The Energy Progress Report,” 2022.
Accessed: Mar. 31, 2023. [Online]. Available:
https://iea.blob.core.windows.net/assets/37tb9f89-71de-4071-8ft4-
12f46ec20a16/TrackingSDG7TheEnergyProgressReport2022.pdf

[2] R. Kennedy, A. Mahajan, and J. Urpelainen, “Quality of service predicts willingness to pay
for household electricity connections in rural India,” Energy Policy, vol. 129, pp. 319—
326, Jun. 2019, doi: 10.1016/j.enpol.2019.01.034.

[2] P. Bhati and M. Singh, “Mini-grids in Uttar Pradesh: Policy Lessons,” New Delhi, 2018.



UNIVERSIDAD PONTIFICIA COMILLAS

ESCUELA TECNICA SUPERIOR DE INGENIERIA (ICAI
COMILLAS (el

MASTER UNIVERSITARIO EN INGENIERIA INDUSTRIAL
UNIVERSIDAD PONTIFICIA

INDEX

Index
Chapter 1. INIPOAUCHON «......euuennnnneeoonnnnennnnneinsnnnissssressssssssssssssssssssssssssssssssssssssssssssassassses 6
I.1 Project MOtIVALION ....coiuiieiieiieetie ettt ettt ettt e et e se e et esseeeteeeneeeneesaseesneeenneens 7
Chapter 2.  State Of thE QUESTION ......uueueeeonnneeeosnnresssnniesssssesssssssssssssssssssssssssssssssssssssssssssses 9
Chapter 3.  Project DefiNItiON ..........uuueeeoeueeenssunvenssnsiosssiessssssssssssssssssssssssssssssssssssssssssses 13
3.1 JUSHFICATION ..ottt ettt 13
IR O o) 1< o1 A RS 14
3.3 Alignment with the Sustainable Development Goals...........ccceeeevievieicieeniienieeie e 14
IR\, (511 s Lo (o] [ Y. 2 USRS 15
3.5 Planification and Economic EStMAtioNn ...........cceecierieriieiinierieeiesieieee e 16
Chapter 4.  Financial Model .............uuonuonneenueeuensnvennnenunnsnensuenssesssessssssssssssssssssssssssssss 18
L T 011 0 01 O PTUPRRRRT 18
4. 1.1 GENEFAl PAVAMNGLETS ........ccooeeueeiieiie et ettt ettt eive e ssaesbe e taeeseesaseessae e 18
) B 00Xy A PRSPPI 19
G 1.3 ROVEMUES ...ttt 20
4.2 CalCUIALIONS ...uveiiiiieieeieet ettt ettt sttt st sb et et be et et ens 22
G. 2.1 ROVEMUES ...t 22
4.2.2 Currency EXChange RALe.............c..ccoooouiioiiiiiiiiiie ettt 23
G4.2.3 DEDFECIALION ......cveeee ettt ettt ettt e e et ee e tbte e sabeeesnsteesnsseessseessseeanes 23
4.3 INCOME SEALEIMENL ... ..eeriiiiiieiiieieeettenite ettt ettt et st e bt et esbteebeesabeebeesteesaeeenbeenas 24
4.4 Cashflows from ASSEtS (CEFFA) ...ccciiiiiiieiieecieeeeete ettt e e e ssae e e sesaenee e 26
4.4.1 Net Operating profit after Tax (NOPAT) .........cccoooceeioiioiieaiieie et 26
4.4.2 Operating CASHIIOW.............cciiiiiiiiiieeeee ettt 27
G.4.3 CAPEX ...ttt 27
4.4.4 Net WOrking CAPital..............c.ccceeeiiiiieiieei ettt ettt ees 28
Gi4.5 CFFA ..ot 29
4.5 FINANCING SOUICES ....veeruvierieiereerieeeiteesereerseeiseesteeaseessseaseessseessseasseessseessesssseesssssssesssssessesans 29
G50 EQUIEY.....covoeieiiii ittt ettt ettt e e st e e ettt e e et e e e tb e e e ab e e e ab e e e tbeeenabee e e 29
I €11 A PSPPSR 30
4.5.3 ConcesSioNnal Debt....................cccccuiiieiiiiiiiiiiiiiet et 30




UNIVERSIDAD PONTIFICIA COMILLAS

ESCUELA TECNICA SUPERIOR DE INGENIERIA (ICAI
COMILLAS (el

MASTER UNIVERSITARIO EN INGENIERIA INDUSTRIAL
UNIVERSIDAD PONTIFICIA

INDEX

4.5.4 CommErciaQl DeDL..................cccccuucieiiiiiiiiiiiiii et 31
4.6 Financial Expenses and Debt Repayment .............ccoecvieriieiciieiiieiieeiieee e 31
4.6.1 Dbt FEPAYIENL ...ttt ettt ettt ettt eaaean 31
Go0.2 INEEFESES ...ttt ettt ettt et e et e e ettt e et e e e enaeeann 32
4.7 FInancing CashfloW.........ocoiiiiiiieie et et 32
4.8 Project Cash BalancCe...........cccieiuiieiiieiieieceee ettt 33
4.9 Project Performance MEasUremMENtS ..........ceuerueerueeiereieriieieeienieeteeneesteeseseesseesseensesneeneeens 34
4.9.1 Net Present Value (INPV) ......cc..ooouiiiiiiiiieeeeee ettt 34
4.9.2 Internal Rate of Returnt (IRR) .........c..coveieiieeiieieeeieeee et 34
4.9.3 Levelized Cost of Electricity (LCOE) .............ccocuuiiiiiiiiiiieieeeeeeee e 35
Chapter 5.  CaSe STUAIES .u.uuueeievsueeionsariossarinsssasissssasissssssessssssessssssssssssssssssssssssassssssasssses 36
ST DALA ettt e s a e 36
5.1.1 MacroeConOmMiC FACIOTS...............cccccocuiiiiiiuiiiiiniiiiieicetet et 36
S5.1.2 MIni@rid deSIQN ..ottt 36
5.1.3 Operational ASSUMPLIONS .............ccccuevuiioiiiieiieeiteeit ettt 39
5.2 Case I: Consumer Willingness t0 Pay ........cccoecvieeiiiiiiiiieiieeecer et 40
S 20D TATTF oot 40

5. 2.2 FIRAICIAG. ..ottt ettt ettt et et e et e e eabe e e enteeeesaeeeteeeenneeenn 41
5.2.3 Project PerformancCe ...............occcouioiiiiiieieei ettt 43
5.2.4 Case I CONCIUSTONS ...........ccociiiiiiiiiiieiieeeet ettt 45
5.3 Case II-1 — Regulated Tariff...........ccorieiiiiieiieeceeeee e 46
ST TAVIf oottt ettt eabe e 46
5.3.2 FIHANCING. ..ottt ettt ettt ettt ettt e et e et e et e et et ee e e nneeen 46
5.3.3 Project Performance before SUDSIAIEs ...............c.ccccoiiiiiiiiiiiiiiieiieece e 47
5.3.4 NeCeSSATY SUDSTIAIES..........c.coeeeiieeii ettt ettt as 47
5.3.5 Project Performance With SUDSIAIES...............ccccccciioiiiiiiiiiiieiieeeee e 48
5.3.6 RetUTNS ON EQUILY ........ooiiiiiee ettt ettt 49
5.3.7 Case II-1 CONCIUSIONS ........ooceeeieeeiiieeiieeiee ettt ettt ettt et aeeseeeeaeesaa e 49
5.4 Case II-2 — Regulated Tariff and Reduced Reliability ...........cccoeoiiiiiiiieiiiiiii e 50
540 MINI@FIA DESIGN..........oeiieieeiiee ettt ettt 50
S5.:4.2 FIHANCING ..ottt ettt ettt ettt ettt e eae e et e et e e e e e teeenneenneeans 51
5.4.3 Project Financial PerfOrMaICe. ..............cc.cccueevuieciesiiiiciieeeiesieeeieesie et eveesiaesse e ens 51
5.4.4 Case II-2 CONCIUSIONS ..............ccccuecuiiiiiiiiiiiiiiiii ittt 52




UNIVERSIDAD PONTIFICIA COMILLAS

ESCUELA TECNICA SUPERIOR DE INGENIERIA (ICAI
COMILLAS (el

MASTER UNIVERSITARIO EN INGENIERIA INDUSTRIAL
UNIVERSIDAD PONTIFICIA

INDEX

5.5 Analysis 0f the RESUILS ......cociiiiiiiiiceceee e e s 53
CRAPLEE 6. CONCIUSIONS .uuuennneeroverneiossarissssarissssssssssssssssssossssssssssssssssssssssssssssssssssssssasssses 56
Chapter 7.  BibliOFAPRY .......uuueeeueeonnnnennnneiiinnneiicnniicsnsiessnsisssssisssssssssssssssssssssssssssssses 58
ANNEX I — CASE L..uuuununnaennennnennnennennensseisseessassasssscsssssssesssesssssssssssssssssssasssssssssssassssessases 60
ANNEX II — CASE II-L...cuunnunnnonnaennnennnennneinennnessenssnisnessaesssesssesssssssesssssssasssssssssssasssassssessases 65
ANNEX TIT — CASE II-2 ......uuuuunnuannaennnencnnencneensneensnnensnensssessssessssssssssssssassssassssassssssssssessssees 70

I1I



UNIVERSIDAD PONTIFICIA COMILLAS
ESCUELA TECNICA SUPERIOR DE INGENIERIA (ICAI)
C O M ILLA S MASTER UNIVERSITARIO EN INGENIERIA INDUSTRIAL

UNIVERSIDAD PONTIFICIA

LIST OF FIGURES
List of figures

Figure 4.1. Example of the revenue inputs in the Excel model...........c.cccocevviiniiiiinninncnn. 22
Figure 4.2. Example of Income Statement Calculation in the Excel Model ....................... 25
Figure 4.3 Example of the Cash balance calculations in the Excel Model ......................... 33
Figure 5.1. Minigrid CONfIUIAtiON .......c..eeivieiiieriieeiieciieeieeeieeeiee e eve e e esseeenee e 37
Figure 5.2. Minigrid demand profile ..........c.coecuveriieiiiieeiieeie e 38
Figure 5.3. Necessary subsidies and grants for the first year of operation............c..ccc........ 48
Figure 5.4. P&L for the first years of 0peration ..........cccceeeceeeiieriieenieenieerieeseeeciee e 49

1A%


file:///C:/Users/Alejandro/Downloads/Memoria%20TFM%20Alejandro%20Valcarce%20V2_pdm.docx%23_Toc144247708

UNIVERSIDAD PONTIFICIA COMILLAS

ESCUELA TECNICA SUPERIOR DE INGENIERIA (ICAI)
COMILLAS

MASTER UNIVERSITARIO EN INGENIERIA INDUSTRIAL
UNIVERSIDAD PONTIFICIA

LIST OF FIGURES

List of tables
Table 1. ReSults SUMMATY ......coouiiiiiiiiieeiie ettt sttt e e 13
Table 2. Estimation of the project's COSt.......cuiiiiiiiiiiiiiiiie e e 17
Table 3. Generation CAPEX .....ccoiiiiiiiiiiiiee ettt 39
Table 4. Operational TAtIOS ........c.eeecuieeiiieeiieeiie et rteesre et eesbeesbeessaesseesnseeenseeennes 39

Table 5. Power requirements estimation for a basic connection. Source: author’s calculations

............................................................................................................................................. 41
Table 6. Initial Capital Structure of the minigrid project ..........coeceevvieriieviieerieecie e 42
Table 7. Equity returns - Case L........coouiiiiiiiiiieiecee et 45
Table 8. Equity returns. Selling at the end of the 15 years — Case L.......c.cccoceeviviienienncnn 45
Table 9. Financing structure - Case II-1........cccooiieiiieiiieieeeeeeeeeeee e 46
Table 10. Income statement for the first years of operation. Case II-1...........ccceeeeverennennnne. 47
Table 11. Equity returns. Case II-1.........cccoiioiiiiiiiiiiieceeece et 49
Table 12. Initial CAPEX. Case I1-2.......cccooiiiiiiiiiieieeeteeeet et 50
Table 13. Initial Financing Structure. Case 11-2 .........cccooiiiiiiiiiniiiece e 51
Table 14. ReSUItS SUMMATY ......cc.coiiiiiiiiieiie ettt e e e et e eseeeaeeenns 54




UNIVERSIDAD PONTIFICIA COMILLAS
ESCUELA TECNICA SUPERIOR DE INGENIERIA (ICAI)
C O M ILLA S MASTER UNIVERSITARIO EN INGENIERIA INDUSTRIAL

UNIVERSIDAD PONTIFICIA

Chapter 1. INTRODUCTION

According to the United Nations (UN), over 700 million people worldwide lack access to
electricity. This problem takes especial importance in Africa, where 43% of the population

still live in the dark.

The international community decided to tackle this issue actively and it became the UN’s
Sustainable Development Goal 7 (SDG7), aimed at universal access in the year 2030:
“Ensure access to affordable, reliable, sustainable and modern energy for all”. Universal
access to modern energy services is essential for achieving many other development goals,
such as improving health and education, promoting economic growth, and reducing poverty

and inequality.

However, current electrification efforts are not near enough to reach this objective. Under
the current policies, the International Energy Agency (IEA) predicts that around 40% of the
population will still lack access in 2030 in Sub-Saharan Africa. Although there has been an
impressive progress in electrification in the past years, the growth is slowing down in recent
times, as the remaining regions without access to electric energy are becoming harder to

reach.

Many institutions have shown that the path towards complete electrification in 2030 has
different tools, some clients will be reached with extensions of the main grid, and others will
be supplied electricity with mini grids (either isolated or connected to the grid) or other
standalone systems. Mini grids are the optimal solution for rural populations with low, but
enough demand, and that are far enough from the main distribution grid. The IEA estimates

that approximately half of the rural population would be best served with minigrids.

Minigrids are small generation systems (10kW to 10MW), that supply a limited number of
customers. This grid can operate disconnected from the main national transmission and

distribution networks. These generation systems have a number of advantages: they can
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provide high quality and reliable power; and they are fast and relatively easy to install. There
is supposedly sufficient interested capital to fund these projects, as long as there is a

sustainable and profitable business model.

However, the minigrid industry is still far from consolidated, and in order to accomplish the
desired fast-paced development of energy access, the private and public sector must
cooperate. It is essential that appropriate policies be implemented, as well as subsidies, to

achieve the scale necessary for sustainable business models.

The current deployment pace is less than 1000 minigrids a year. A two order of magnitude
increase will be needed by the end of this decade if universal access is to be achieved. To
unlock the necessary private capital to reach the SDG7, there is a dire need for a viable
business model. Private investors still consider minigrids as a high risk-low return

investment.

1.1 PROJECT MOTIVATION

In this context of great need for electrification, and especially with the deadline of 2030 for
the completion of the sustainable development goals, there is a lot of work and research to
be done, to facilitate supranational entities, governments and private investors and societies

the development of new, sustainable electrical infrastructure.

However, the successful implementation of minigrid projects requires overcoming various
challenges, with financial viability standing out as a critical factor. Hence, the motivation
for this final thesis is to develop a comprehensive financial model tailored to minigrid
projects, empowering stakeholders with valuable insights to make informed decisions and

attract investments in this transformative sector.

Minigrids have shown immense potential in addressing energy poverty, as they offer a viable
and scalable solution that can be customized to suit the specific energy needs of each

community. By designing a robust financial model for minigrids, this thesis aims to facilitate
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the implementation of financially sustainable projects, leading to greater energy access and

promoting sustainable development in underserved regions.

In the work towards electrification, it is crucial that both private and public parties involved
have access to a reliable and realistic financial model. Without a proper analysis of costs,

revenues and macroeconomic factors, there can be no informed decision making.
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Chapter 2. STATE OF THE QUESTION

Firstly, it is important to address the current state of the minigrid industry. The report by the
Energy Sector Management Assistance Program (ESMAP), Minigrids for Half a Billion
People [1], clearly illustrates the gap that has to be overcome to reach universal access by
2030. Currently, there are 47M people connected to minigrids, a number that has to increase
ten-fold, to 490M people by 2030, if the universal access goal is to be reached. This will

require an investment of $220 billion, between private and public institutions.

This same report highlights that there have been a very positive progress in the industry.
Capital costs have been declining, while quality of service has increased. Projections reveal
that the LCOE can be reduced by 70% by 2030. In addition, ESMAP states that the potential

profits for private investors are large.

However, there are still many barriers to overcome in order to unlock the private capital
needed to scale minigrids across the world. A report [2] by Husk, one of the largest private
minigrid developers highlights these problems. The publication states: “Despite the urgency
of scaling minigrids to achieve SDG7, the nascent industry is still struggling. After more
than a decade of effort there is still no profitable minigrid developer. Some investors have

withdrawn from the sector citing the “lack of a viable business model”.”

The authors believe that what is needed is a sustainable business model. There have still

been no experiences of consistently profitable business model.
The same report sets forth the main barriers to sustainability:

- The costs are too high. The combination of insufficient subsidies, and that most
private companies do not have the size for the benefits of economies of scale.

- Quality. Power quality must be significantly better than that offered by national grids
to justify the increased cost.

- Demand is too low. Without sufficient demand, mini grids cannot be profitable.
Despite there being pent up demand, it will not automatically transform into
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consumption. Lack of access or prior experience with it can lead to a low
consumption rate. Potential consumers will not have appliances.

The report also states other interesting considerations towards a viable business model.
Profitability at a local mini grid level is not enough. There must be a sufficient scale to cover

administrative and other overhead costs. Local scale is required.

A publication by the UN [3] provides important conclusions on how to keep developing the

minigrid sector. Among them:

1- Scale is fundamental for minigrids to be sustainable.

2- Policymakers must balance government control, financial subsidies, and consumer
tariffs for minigrid deployment, as not all three are possible at once.

3- Electricity demand on rural areas is still very uncertain, it is important to consider
demand risk mitigation to ensure viability of the projects.

Another paper [4] again brings to attention that the main problem to achieve scale is a
sustainable business model, which can only be made possible with the appropriate
regulation. The author highlights possibilities to cover the viability gap in these projects.
This viability gap arises from the fact that electricity tariffs have to remain uniform across a
country, or at least across the same distribution company. However, the tariffs designed to
cover already electrified supply costs are lower than those needed to pay off the costs of

what remains to be electrified.
To cover this viability gap, the paper proposes the solutions:

1- Direct subsidies to minigrid developers from government electricity access
programs.

2- Direct subsidies to minigrid developers from cross-subsidization in other tariffs.

3- Direct subsidies to minigrid developers in a concession contract.

Aside from these solutions, it is also possible that anchor loads in the mini grid, such as

telecommunication towers could cross-subsidize residential customers.

Another minigrid model to consider is that of undergrid minigrids. The Rocky Mountain
Institute Report, Electrifying the Underserved [5], presents the basics of the undergrid

minigrids. As mentioned before, undergrid minigrids are implemented in communities that

10
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are already served by distribution networks, but with unreliable supply. The minigrid acts as
distributed generation resources, improving reliability. The combination of these two supply
methods is beneficial both for the distribution company, that reduces losses, and to the
customers. Access to reliable electricity is fundamental to enable local business creation and

development.

This same report goes on to explain four business models for this type of minigrids,

depending on the ownership and operation of the minigrid:

- Minigrid operator-led: developed by a private minigrid operator.

- Special purpose vehicle-led: developed by a special purpose vehicle (SPV), possibly
formed by the distribution companies’ investors.

- Cooperative led: developed by the community, in the form of a cooperative

- Collaborative SPV-led: shared between the operator, the community cooperative and
the distribution companies’ investors.

Each of these models has its advantages and drawbacks, and the circumstances of the

community are what tell which model is more suitable.

This report highlights that the concept of undergrid minigrids remains largely untested. New
projects are required to prove each business model. In this regard, it is important to note that
this document does not go into detailed economic study of each model and provides no

quantitative analysis or implementation examples of the business solutions.

Aside from these general studies on minigrids, for the development of this project, concrete
information on consumer preferences, willingness to pay, macroeconomic factors and

financing conditions is needed.

The practical cases studied in this project are based in India. To gain a better understanding
of the electrification situation in this country, the report [6] on access to clean cooking and
electricity by Council on Energy, Electricity and Water (CEEW) is of great help, especially
determining the current quality of electricity service in rural India, with an average of 10 to

12 hours of service.

11
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Another report [7], by the Centre for Science and Environment of New Delhi, summarizes
the policies in place in the region of Uttar Pradesh, and gives information on the current

tariffs paid by consumers of privately developed minigrids.

The United Nations Development Program also gives information about the average cost of
equity for minigrids programs in India and other places of the world in a report with ETH

Zirich [8]

Another paper of great importance to the crafting of the study cases is “Quality of service
predicts willingness to pay for household electricity connections in rural India.” [9]. This
document draws attention on the importance of the quality of service when it comes to
customer satisfaction and willingness to pay. This paper offers quantitative data on the tariffs
that non-electrified households would be willing to pay for a connection, which will be used

in this project’s case studies.

This same paper also concludes that “the results suggest that improving the quality of
connections is critical to improving access”, and “our results show that improving the quality
of service would allow distribution companies to connect more households and charge cost-
recovering prices for electricity. Improvements in the quality of service would increase
households' WTP for the service, and the revenue for prices that cover the real cost of
generating, transmitting, and distributing electricity would in turn help pay for those
improvements. India's recent rural electrification efforts (Palit and Bandyopadhyay, 2017)
have neither emphasized service quality nor tried to target communities with high WTP. As
household electrification continues to expand in the country, our results highlight the need
to focus on service quality and the value of electricity service, as opposed to increased
connectivity alone. As improving the quality-of-service increases WTP, then Indian
policymakers may have a solution to the financial problems that rural electrification creates

under heavily subsidized electricity prices.”

This thesis will be proved in this project, applying both regulated tariffs and the consumer

WTP, and the financial performance of these two models evaluated.

12
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Chapter 3. PROJECT DEFINITION

3.1 JUSTIFICATION

As has been brough up in previous chapters, there is a great need for tools for an informed

decision-making process regarding minigrid investment and regulation.

A detailed financial model is one of the main, if not the most important, pieces of this

process.

IIL.

I1I.

Financial Viability Assessment: A detailed minigrid financial model serves as an
indispensable tool for assessing the economic feasibility of electrification projects. It
provides insights into the initial investment costs, ongoing operational expenses,
revenue projections, and potential profitability of minigrid systems. By conducting
rigorous financial analysis, policymakers, investors, and project developers can
identify potential barriers, risks, and opportunities, enabling informed decision-

making regarding resource allocation and project prioritization.

Attracting Investment: As has been brought up in the Introduction, investment is a
cornerstone of successful minigrid deployment. Accurate financial models enhance
transparency and credibility, making minigrid projects more attractive to both public
and private investors. The financial model developed in this project showcases the
potential returns on investment and repayment timelines, which are crucial elements
in convincing stakeholders to allocate resources to electrification projects in

underserved areas.

Policy Formulation: Informed policy formulation is contingent upon a clear
understanding of the financial dynamics of minigrid projects. Policymakers require
accurate financial models to assess the impact of subsidies, incentives, and regulatory
frameworks on the overall viability of minigrids. Especially, a detailed financial

model can help regulatory agencies see the effect of tariff regulation and can help

13
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establish cost reflective tariffs. These models can aid in designing effective support
mechanisms that promote sustainable electrification, aligning policy goals with

economic realities.

IV.  Risk Management: Minigrid projects inherently involve various technical, economic,
and operational risks. Although most minigrid projects take place in politically
unstable countries, and have many non-financial risks associated with them, the
financial model developed is of great help evaluating risks, like inflation, exchange

rate, demand growth...

3.2 OBJECTIVES

L Research into the state of the question regarding minigrid business models.

IL. Development of a financial model for a minigrid project in Excel, taking into
account: CAPEX, OPEX, inflation, demand growth, exchange rate changes, and
financing.

I1. Testing of the financial model with a case study, extracting conclusions.

3.3 ALIGNMENT WITH THE SUSTAINABLE DEVELOPMENT GOALS

The main objective of this project is to enable financial viability of minigrids, the main
barrier that has to be overcome for the scaling of this industry needed to provide access to
electricity in rural areas in developing countries. This aligns with several of the UN’s

Sustainable Development Goals.

Mainly, this project works towards SDG7: Clean and Affordable Energy. It is widely
accepted by international agencies (IEA, World Bank) that this objective can only be reached
in a reasonable time with the implementation and scaling of mini grids. Research towards a
sustainable business helps unlock the private capital needed for the exponential growth in

minigrid installations required to reach SDG7.

14
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Affordable energy is also crucial for many other development goals. It is necessary to fight

poverty (SDG1), provide clean water (SDG6), or climate action (SD13) among others:

3.4

Clean water and sanitation (SDG6). Access to electricity is vital for powering water
pumps and treatment systems.

Climate action (SDG13). At present, diesel generators are one of the main ways for
electricity access in rural areas in developing countries. Fossil fuels are necessary for
many other uses, like cooking, lighting, and transportation. Minigrids that provide
access to electric energy with renewable sources will be able to replace some of the
consumption of these polluting fuels.

Industry, innovation, and infrastructure (SDG9), which aims to build resilient
infrastructure, promote inclusive and sustainable industrialization, and foster
innovation. Minigrids can be an innovative solution for providing energy access in
remote or isolated areas and can promote sustainable industrialization by supporting
local businesses. Aligned with this objective of promoting local businesses and jobs,

access to energy will help fight poverty (SDG1).

METHODOLOGY

The first step to building a financial model of a minigrid will be a literature review and

conversations with experts, to map all the necessary elements of the model. In this regard,

was to review publications by the most prominent actors in the minigrid industry: The World

Bank, United Nations, Africa Minigrids Development Association (AMDA), study groups

like the Rocky Mountain Institute, the MIT-IIT Universal Access Lab as well as private

developers like Husk Power.

The financial model will reflect to three main blocks: the Cashflows, P&L and the financing

structure of the project. The objective of the model is that, when inputting the project costs

and energy tariffs, the results are:
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e The cashflows and cash balance from the assets of the project every year, and
every possible negative cashflows that may compromise the viability of the
project and cause bankruptcy.

e The profit and losses of the project, calculating the net income every year.

The financing structure of the projects, in terms of grants, debt and equity, will also be an
input to the model. Once seeing the cashflows from assets every year, the necessary

financing cashflows become clearer.
Also, with these two results, the possible dividends to the equity holders can be calculated.

With these three blocks, profitability measures can be extracted: the net present value of the
investment and the internal rate of return. These numbers can help investors, policy makers

and other stakeholders make informed decisions.

Once the model is built, it will be tested using real-world investment cases, with a regulated

and deregulated tariff, and different amount of subsidies.

For the necessary data, a combination of research and minigrid design simulation models
will be used. For instance, the REM model by MIT-Comillas will be run to get demand,
CAPEX and OPEX data of minigrids in India.

That data will be inputted into the model. The financial performance of the project in the

different scenarios will be analyzed and conclusions drawn.

3.5 PLANIFICATION AND ECONOMIC ESTIMATION

1. Dec 15— Feb 25:

Research into the state of the art of the minigrid industry, regulation, and business
models. This will include scientific literature, publications by international agencies

and private companies, and conversations with relevant players in the industry.
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2. Feb 25— May 1.

Build the necessary infrastructure to evaluate the finance of different business

models. This will include detailed spreadsheets with cash-flows, financing, risk, etc.

3. May. — June 1.

e Evaluate different business models using the spreadsheets. Optimize the models and
propose changes to improve the financial performance, preferably using real world

data.

4. June 1 —July 15

e Draw conclusions from the results obtained in the previous steps. Start writing the

results.

5. July 15— Aug 15

Draft and edit the final thesis’ document.

An estimation of the project’s cost is:

Table 2. Estimation of the project's cost

Amount Cost Total
Office License 1 100,00 € 100,00 €
GAMS License 1 1.000,00 € 1.000,00 €
Work hours 360 15,00 € 5.400,00 €
Total 6.500,00 €

The Trabajo Fin de Grado course, with 12 ECTS corresponds to 360 hours of work. The
average pay of a junior ICAI engineer (22 to 25 years old), according to the Asociacion de

Ingenieros del ICAL is 15 euros.

The total estimated cost of the project is 6.500€
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Chapter 4. FINANCIAL MODEL

In this chapter, the model is described. It follows a traditional structure, with costs, revenues

and inflation.

4.1 INPUTS

Each of the following is on an independent tab on the Excel model.

4.1.1 GENERAL PARAMETERS

The fist tab in the model is for general parameters:

IIL.

I11.

IV.

Corporate tax rate: The local tax rate on profits for companies.

Projected inflation: estimated inflation each year for the duration of the project,

in percentage, both for the local currency and for the USD

Investment horizon: duration of the project. Number of years for the evaluation

of the project.

Ratios: operational ratios

a. Days in inventories: the average number of days it takes to convert inventory
into sales. In the case of the minigrid, the only inventory is diesel. Depending

on the frequency and reliability of fuel supply, this number can vary greatly.

b. Collection period: the average number of days it takes for the operator to

collect payment from clients.

c. Cash ratio: the fraction of the current liabilities that is held in cash. Fixing
this ratio allows the model to plan for a minimum amount of cash to be held
every year.

d. Days to pay payables: period to pay payables. In the case of minigrids,
period to pay the fuel.

18
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e. Days to pay accruals: period to pay accruals. In the case of minigrids, the
O&M cost, mostly salaries of the operators.
V. Required rate of return: in percentage, discount rate that will be used to

evaluate the profitability of the project, calculating the Net Present Value.

4.1.2 COSTS

The costs input tab in the model captures both capital and operational expenditure. For a

minigrid, the CAPEX has to do with the initial investment, further growth capex for

expansions, maintenance CAPEX to replace worn off P&E. On the other hand, the OPEX

reflects mainly fixed costs.

4.1.2.1 CAPEX

1. Investment CAPEX

These first rows are for the investment. In a hybrid solar-diesel minigrid, the main

investments are in:

a
b.
C.
d.

C.

Solar PV

Batteries

Diesel Generator
Charge Controllers
AC/DC converters

Aside from this equipment, another investment may be necessary, which is the

building of the distribution network. This also has a place in the model, in case it

would be necessary:

f.
g.

Distribution lines

Transformers

Each of these pieces of equipment have a different useful life, so the model also

asks for this information, which is necessary for the depreciation calculations and

to program the maintenance CAPEX.
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II.

Maintenance CAPEX

The minigrid equipment has to be replaced after a number of years. It is necessary
to include a maintenance CAPEX in the model, that plans for this expense. In the
following rows of the tab, the sheet reflects the planned reinvestments, according
to the useful life of each category of equipment and adjusting the future cost with
the predicted inflation.

This is, if there is an initial investment of $100.000 for batteries on year 0, and
the batteries have a useful life of 7 years, on year 7, there will be a capital

expenditure of $100.000 times the accumulated inflation of those seven years.

4.1.2.2 OPEX

Regarding the operational expenditures of running a minigrid, we can distinguish between

fixed and variable costs.

II.

Fixed Costs

These have to do with the cost of operation and maintenance labor. The minigrid
equipment requires occasional and recurrent maintenance. All the expenses
associated with O&M can be considered fixed. In the model, this cost is adjusted
with inflation every year.

Variable costs

These represent mainly the cost of fuel in a hybrid mini grid. Depending on the
available data, the way to enter this cost may vary, but a fair approximation can
be done by adjusting this consumption yearly with the dem