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1 out of 7 people lack access to electricity:
1,3 billion people in the world
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The Sustainable Energy for All
(SE4ALL) initiative by United Nations

e The goal of the SE4ALL scenario is to "ensure universal access
to modern energy* by 2030 and to "double the share of renewable energy
in the global energy mix".

On-grid generation Mini-grid and offgrid generation
368 TWh 470 TWh

B Fossil fuel®
. Solar
Nuclear
36% Small hydro
M Hydro
Biomass
B Wind
M Wind
I Solar
2% B Diesel
Other renewables 21%

* Of the additional electricity needed in 2030, an increase in global electricity generation of
2.5% (around 840 TWh), around 45% is expected to be generated and delivered through
extensions to national grids, 36% by mini-grid solutions and the remaining 20% by isolated
off-grid solutions [5].

[5] http://www.worldenergyoutlook.org/media/weowebsite/energydevelopment/weo2011 energy for_all.pdf
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http://www.worldenergyoutlook.org/media/weowebsite/energydevelopment/weo2011_energy_for_all.pdf

Renewables Off-grid- The Challenge

 The potential of introducing renewable energy resources
off-grid via renewable hybrid energy systems (HRES) is impressive:

g 60 - 90 € M Investmentin the
< g New Policies Scenario
é: %0 & Additional investment in
p= the Energy for All Case:
2 40 - 60
= M Isolated off-grid
30 - 45 Mini-grid
On-gri
20— - 30 grid
«>+ Additional people
| gaining access per year
10 in the Energy for All Case
(right axis)
D |

2010-2015 2016-2020 2021-2025 2026-2030

* The International Energy Agency (IEA) estimated in 2011 nearly $1 trillion of investment is
required to achieve universal access to energy by 2030. 60% of these investments, $20
billion annually, are expected to be in isolated off-grid and mini-grid solutions.

[5] http://www.worldenergyoutlook.org/media/weowebsite/energydevelopment/weo2011 energy for_all.pdf
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http://www.worldenergyoutlook.org/media/weowebsite/energydevelopment/weo2011_energy_for_all.pdf

What are Hybrid Renewable $§necv¥]aﬁles Off-grid -
Energy Systems (HRES)? s

* Hybrid Renewable Energy Systems (HRES) can be
found under different terms and definitions:

Terms referring to HRES innovations and number of articles

Autonomous/ small autonomous
power systems (SAPSs):; 3: 2%

Micro Power System/ MicroGrid (MG); 4: 2% |

Hybrid Energy Hub; 5; 3 /0

Hybrid Power System (HPS); 5; 3‘7 o -
Hybrid Energy/System; "

19: 11%

Renewable Energy Sources
(RES); 41: 24%
Energy Hub; 7; 4% _

Mini-grids/ Islanded microgrid: ..~

Distributed/Decentralised
Generation/Resources (DG/DR) /
8. 5%

Renewable Hybrid Energ)/
System (HRES); 9; 5%

Stand-alone hybrid
cnergy/ power sysiem; 26;
15%

Off-grid/ remote/ _—
islanded; 15: 9%

i

“~_ REVIEW; 23: 13%

Figure 1.2: More than 12 terms for HRES (total 172 publications, period 2005-2015)
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The data and information being
scattered and in silos Is a barrier
for knowledge sharing

Renewables Off-grid -

The Challenge

* Climatetagger, with the support by IRENA and the United Nations

and performance of knowledge management systems for climate change.
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Renewables Off-grid -
The Challenge

"Hybrid Renewable Energy Systems (HRES)
consist of
two or more energy sources,
with at least one of them renewable
and integrated with power control equipment,
and an optional storage system."

Qlecta ™ kyLEUVEN




What are the key design & Renewables Off-grid -

decision criteria for HRES?

e Key factors for the design & decision-making of a stand-alone

The Challenge

renewable hybrid power system are multiple factors depending on, e.g.:

o)

0]

Economic aspects: Net Present Cost (NPC), Cost Of Energy (COE), etc.,

Technical variables: Excess of Electricity (EE), State of Charge of the
Batteries (SOC), etc., and

Environmental factors: Renewable Fraction, CO2 emissions, etc.

_ Design criteria Decision criteria

S 888
® ®
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The research question of this JaGENEEEESURUTE
: The Challenge
work Is twofold:

e Shortcomings of the state of the art:

 HREs are found under many terms and definitions.

e Economic criteria predominate for decision making, while technical
system design predominate in research work, both lacking a more
Integrated approach including environmental or other criteria.

e The research focus of this work Is:

How to enhance the research of stand-alone Hybrid Renewable Power
Systems:

s - beyond economical optimization of the system,
identifying other relevant criteria and research opportunity,
- and beyond system design,
D providing a more integrated approach that create value for stakeholders,
for a more environmentally friendly and sustainable energy access for all.

"&
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Design criteria- The Study case
(State of the art)

* Understanding design criteria sensitivity:

-> Case study (HOMER): The proposed project is a 2kW Telecommunlcatlon

Center (ICT Center). It is located in the province of Tarragona (Spain).

Equipment to congider Add/Remove. .

-y "_%I
Demand

48 kwh/d
39kw peak J— 4]

Diezel Generator Generic 10kW

> [ >

Converter HEI
H3000

AC oC
Reszources Dthm

() l Solar resource - Ecnnumms

ﬁ Wind resource __I System control
i] Digzel l_] Emiggions
Q! Constraints

Figure A.3: Energy model for the Image: "Tossal de Baltasana", in the province

PV/Wind/Diesel/Battery system of Tarragona (Spain).
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Figure 2.20: Scenarios with summary of influence for different deS|gn criteria

Key | Scenario | Scenario % Scenario | %
criteria: A B AB-A O AC-A
p 0.436 0.483 0.441
e 89/ 1%
NPC | enwn | exwn | 19%% | enwn | 11%
. oy 25% | 64% |156.0%| 47% |[88.0%
raction

Figure 4.5: Key criteria per scenarios and % of variation from the optimum cost (Scenario A)




Scanning Innovations- The Research community
(Methodology & Mapping of findings)

Id entlfy “I eywor ds” Stand-alone, Hybrid Renewable I':'nergy (or Po!/ver) System, Renewat?le
Energy sources, Solar energy, Wind energy, Diesel generator, Off-grid,
related to HRES ) AR
O Remote, Islanded, Microgrid, Mini-grid, Autonomous power system,
terms and definitions

Energy hubs, etc.

Search “keywords” in
research publications
databases (Elsevier, IEEE)

Search “keywords” in
open search engines
(Google)

Find peer reviewed
research publications

Find projects/ products/
companies/ organizations

Analyse content and id entify
relevant categories
(research focus, energy sources,
storage systems, main applications,
real-life installations, etc)

Relevant
content for HRES
innovations?

Figure 3.1: Flowchart of the building process of the primary database of HRES innovations (387 publications)




Scanning Innovations
The Research community

(Methodology & Mapping of findings)

Relevant
content for HRES
innovations?

Source identification:

Name of the research publication.
Type of publication: Journal, Conference, Chapter/ book/ report/ post, PhD, Project.
Introduce publication in ype of prbicat J o » Chapter/ book/ report/ post, 719
. Year of publication, period 2005 to 2015
the primary database L
A Country of the publishing institution.
indicating:

Title and citation text.

Number of references and citations (2013, 2014, 2015).
Authors email.

Link.

. source identification

Introduce publication’s
e relevant categories

W\

Figure 3.1: Flowchart of the building process of the primary database of HRES innovations (387 publications)

elevant categories for “Terms and definitions”:
Stand-alone Hybrid Renewable Energy (or Power) System
Off-grid, remote or islanded
Hybrid Energy (or Power) System
Microgrid, mini-grid, autonomous power system or Energy Hubs

e o o o 5
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Scanning Innovations

The Research community
(Methodology & Mapping of findings)

Introduce publication’s

. Relevant categories for “Terms and definitions”:
. relevant categories

e  Stand-alone Hybrid Renewable Energy (or Power) System
e  Off-grid, remote or islanded

e  Hybrid Energy (or Power) System

e  Microgrid, mini-grid, autonomous power system or Energy Hubs

Relevant categories for “Thematic focus”:

e  Technical focus: location , design modelling, sizing, operation/ control.

e  Economical focus: value chain, economical or costs and financing, business modelling,
energy markets.

. Environmental focus: CO2 emissions, tax on carbon emission, Life Cycle Assessment (LCA).

e Other aspects as broad as: education, policy, sustainable development, and energy access.

Relevant categories for “Energy sources”:

e  Solar PV panels, Wind turbines, Diesel generators.

e  Other renewable energy sources and dean technologies: Hydro, Biomass, Biogas, Fuel cell, CHP.
e  Other non-renewable or conventional energy sources: Grid, Gas.

Relevant categories for “Storage systems”:
. Batteries, Fuel cells, Hydrogen, Pumped Hydro Storage (PHS), Thermal, or No Storage.

Relevant categories for “Main applications”:

e  Households in developing countries, Global system for mobile communications (GSM) base stations,
Islands, Lab tests, Villages/Communities in developing countries, Residential in developed countries,
Rural areas, Street light/ Small lighting, Desalination, Case studies, Urban area, Commercial buildings/
Offices, Geographic Information System (GIS), Hospitals, Hydrogen production.

|
Relevant categories for “Operating installations”:
¢  Name of the Country, or continent.

Figure 3.1: Flowchart of the building process of the primary database of HRES innovations (387 publications)




Design of HRES- Beyond economic criteria

There is a current trend of developing multi-objective
sizing methodologies to become reliable, feasible and/or
environmentally friendly for hybrid renewable energy systems.

* QOverview design criteria:
o Economic optimization

o Technical system Design

e Location and Demand
» Technical design

* Modelling

e Sizing

e Operation and Control

o Environmental criteria

Qlecta ™ kyLEUVEN




Design of HRES

Design of stand-alone HRES S ——
: L Beyond economic criteria g
beyond economic optimization i

 Awide analysis of design criteria has been performed:

Locati Technical 5 . ‘ Envi " ‘ 0 . ‘
ocation Sizing Design Modellng conomic nvironmen peration
3 52 20 25 37 10 25

[14] [15] | [96] [22] [21][99] | [22] [21] [99] | [96] [52] [19] | [96] [7] [60] | [132] [39] [13] | [96] [60] [107]
and as | [23] [52] [19][45] | [52] [20] [37] | [87] [84] [20] | [23] [52] [19] | [57] [47] [97] | [19] [32] [133]

|
| |
review: | [49] [134] [24] [32] | [38] [103] [40] | [41] [53] [39] | [49] [32] [87] | [52] [135] and | [67] [8] [50]
[
[

— e

101] | [87] [84] [69] [20] | [44] [15] [13] | [28] [10] [31] | [84] [69] [41] | as review: | [41] [43] [132]
8] [59] [37] [41] | [28] [10] [47] | [47] [42] [68] | [132] [25] [11] | [26] and [101] | [25] [33] [44]

[38] [16] [105] [30] | [64] [11] [68] | [58] [104] [67] | [30] [34] [103] [39] [18] [58]
[34] [81] [103] [40] | [58] and as | [50] [132] [33] | [53] [39] [13] [9] [64] [31]
[44] [53] [136] [39] | review: [72] | [17] [18] [48] 9] [46] [10] and as
[14] [15] [13] [28§] and [97] [48] [47] [97] review: [26]
9] [46] [29] [10) 42] [12] 58 6][61)
[12] [31] [57] [4T7] [44] [105] [35] and [66]
[42] [35] and as and as review:
articles: [26] (6] [101]
[26] [6] [92] [106] [92] and [77]
and [77]

_SB_

_c&)_




ObjeCtive FunCtiOn Design of HRES
Criteria (O FC) Beyond economic criteria g

 The Objective Function Criteria (OFC) integrates the

relevant criteria of the system design we are considering for
optimization in order to:

o serve a defined objective,
o While taking into account the defined constrains.

* Main two criteria identified for the system optimization are:

o the minimum Annualized Cost of System (ACS), for
s system cost, and

o the required Loss of Power Supply Probability (LPSP), for
system power reliability.

Qlecta ™ kyLEUVEN




Objective Function criteria |sESIURHIEINES
Beyond economic criteria g

- conflicting objectives 13
$ ® X R 8 8 8 X R

Max-R  Min-E Max-RL Max-P  Min-OC Min-I Min-FC  Max-LS Min-WM

Maximize revenue

Minimize emissions

Maximize reliability

Maximize production

Min. operating cost

Minimize investment

Minimize fuel cost

Maximize lifespan

Minimize waste

B conict EEEEE Design Dependent [N No Direct Relation Supporting

Figure 4.3: Relation between conflicting objectives [109].
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Steps for a more sustainable Deslgn @ilNss
. . Beyond economic criteria
off-grid system design (1 out of 3)

1.- Use the Cost of Energy (COE) enabling comparison
for different size systems, applications and countries.

1.4

Household 1,29 $/kWh 1,45
kW PV/Wind system Corsica

._.
(§5]

Household 1.04 $/kWh 7.5
® kW Wind/ PV/ Battery China

ot

Telecom 0,73 $/kWh 1,5 kW
0.8 PV/ Wind/ Battery China _Household 0,71€/kWh 12 kW
' ® PV/ HP (37% RES) Denmark
®

2
o

ootoooo.o....,..‘.....
- o000
Househ01d0,49€fk“’h 00000000000.000.oo.coooo.oo.o.oor.

®2.8kWh/day PV/Battery @  Household 0.47€/kWh 15 kW Wind/
bt Diesel/ Battery (45% RES) Greece @

.‘0..0.'..".'....‘.00-!

2
B

Telecom 0,44 $/kWh 2 kW PV/ Village 0,28 $/kWh 65 kW PV/
Diesel/ Battery (47% RES) Spain Village 0,42 $/kWh 35 kW PV/ micro Turbine/ Battery Palestina
Hydro/Biodiesel/ Battery India

Levelized Cost of Energy (COE) in $/kWh or € kWh

&
r2

® Village 0,17 $/kWh 7TMWPV/ Diesel/

® Battery (27% RES) Saudi Arabia

Telecom 0,16 $/kWh 3.5 kW
PV/ Wind/ Battery Turkey
0 5 10 15 20 25 30 35 40 45 50 55 60 65
Size of the hybrid renewable energy system (in kW)

Figure 4.1: Levelized Cost of Energy (COE) in USD/kWh or €/kWh per size of the hybrid
renewable energy system (in kW), per different applications and countries.
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Design of HRES

Steps for a more sustainable
off-grid system design (1 out of 3)

Beyond economic criteria g=

1.- Use COE enabling comparison for different size
systems, applications and countries (figure 4.1).

In addition, the COE enables the comparison with existing energy
technology generations and systems:

o Diesel only systems, with costs higher than 1 €/kwh.

o Diesel fuel price.

o Grid availability, including the concept of radio for break-even
distance.

o Grid price, different per countries.

ﬂ



Steps for a more sustainable
off-grid system design (1 out of 3)

COE enables the comparison

1.4
® Household 1,29 $/kWh 1.45
kW PV/Wind system Corsica
= 5
= 12
i
@
5 ® Household 1,04 $/kWh 7.5
= 1 kW Wind/ PV/ Battery China
=
=L
e
8 Telecom 0,73 $/kWh 1,5 kW
@ 08 PV/ Wind/ Battery China
0 o
%EB $eeeece *e.9
E 0.6 ....’..’..O..OOOO
b Telecom 0,44 $/kWh 2 kW PV/
S 04 Diesel/ Battery (47% RES) Spain
F:
% Telecom 0,16 $/kWh 3,5 kW
5 DN/ Wind/ Rattery Turlkav
= 0.2 . ° Village 0,17 $/kWh TMWPV/ @
L Diesel/ Battery (27% RES)
Saudi Arabia
0
2007 2008 2009 2010 2011

Village 0,19 $/kWh 300 kW Wind/ PV/
Battery/ Grid 56% RES) Romania

Design of HRES
Beyond economic criteria §

Household 0,7-1€/kWh 12 kW
PV/ HP (37% RES) Denmark

Household 0,47€/kWh 15 kW ]
/ind/ Diesel/ Battery (45%

Household 0,49€/kWh

RES) Greece 2,8kWh/day PV/ Battery

Village 0,42 $/kWh 35 kW PV/
€ Hydro/Biodiesel/ Battery India

Village 0.28 $/kWh 65 kW PV/
micro Turbine/ Battery Palestina

2012 2013 2014 2015

Year of the publication

Figure 4.2: Levelized Cost of Energy (COE) in USD/KWh or €/kWh per year of publication, per different
applications, sizes and countries.




Steps for a more sustainable Design of HRES = o gtls
. . Beyond economic criteria g
off-grid system design (2 out of 3)

2.- Focus on main cost drivers of the system
components, as they are estimated to be the investment
costs and the batteries such as detailed below:

e« 70% to 80% are investment costs.

e 15% to 35% are batteries costs.

* 1% to 5% are operation and maintenance costs.

e around 1% of costs are for the electrical converters.

This links to the relevance of including reliability criteria to the
economic analysis and the study of back-up systems.

ﬂ



Design of HRES

Steps for a more sustainable
off-grid system design (3 out of 3)

Beyond economic criteria

3.- Translate the environmental benefits to economic

values looking for a higher presence of renewable energy

Household 1,29 $/kWh 1,45 kW

PV/Wind system Corsica
_12 | Inthe analyzed case
_3 .
f StUdy, an increase Of Household 1,04 $/kWh 7,5 kW
5 . Wind/ PV/ / Chi @
§ i Only 1% in the ind/ PV/ Battery China
= i
= optimum cost the
Pt Household 0,71€/kWh 12 kW
o o8 SyStem al mOSt PV/ HP (37% RES) Denmark Telecom 0.73 $/kWh 1,5 kW
) double the fractlon Of PV/ Wind/ Battery China ®
& Houschold 0,47€/kWh 15 kW Wind/ sl
206 renewable resources Diesel/ Battery (45% RES) Greece o
T PR et
2 0 AP it “Household 0,49€/kWh
- up to 47% ®a JPPRRTR L 2,8kWh/day PV/ Battery
! o®
= 04 JPPET TR\ Village 0,42 $/KWh 35 kW PV/
£ = Telecom 0.44 $/kWh 2 kW PV/ Hydro/Biodiesel/ Battery India
5 : i
B Diesel/ Battery (47% RES) Spain Village 0,28 $/kWh 65 kW PV/
—0.2 ® G micro Turbine/ Battery Palestina
Village 0,17 $/kWh TMWPV/ Diesel/ Village 0,19 $/kWh 300 kW Wind/ PV/ Telecom 0,16 $/kWh 3,5 kW
Battery (27% RES) Saudi Arabia Battery/ Grid 56% RES) Romania PV/ Wind/ Battery Turkey
0
0 10 20 30 40 50 60 70 80 90 100
Percentage of renewable energy in the hybrid system (in %)

Figure 4.4: Levelized Cost of Energy (COE) in USD/kWh or €/kWh per fraction of renewable energy in
the hybrid system (in %), per different applications and countries.
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+ Integration- Value Chain

N ol Gt St dropnent- ey s

* Integrated Value Chain for Hybrid Renewable Energy Systems (HRES):

Value chain for Hybrid Renewable Energy Systems \
@ Gistem design Supply chain \
£
= 0
E g : i i i
5 £ | Location T_Eu_ci'm:tcal Enwl_"m:_ment‘al Marketing Manufacture Sup_pl:_w Operation/
. d - Sizing E cal | Co2 Emissions d Salesf ! Logistics Control
& o an : conomic an es
B B | J [ Design - Lyte Cyle i ¢ Component and and _
g S - Modelling Assessment (LCA) integration |Installation| Maintenance Recydling
p. U
E Financing and business models K
E E Technology development for system integration /
o & Knowledge management and Education/Professional training X
= o
o Policy/ Regulatory framework f
0O, o
R Geopolitical/ Global: - Sustainable development - Energy access X




More integrated approach beyond
system design & economic criteria

+ Integration

. S S |
. i ' | | |
i al v | Nt S | Op| |
4 |- Sl | Coomd |
23 Famunic alis ‘
Dot D I oot ai | mi ‘
Vadelng Asesent (04| ™" ilgrin i
1

Enabling areas and support activities (in horizontal)are \_
Financing and business models.
Technology development for system integration.
Knowledge management and Education/Professional training.
Policy/Regulatory framework.
Geopolitical/Global: Sustainable Development, Energy Access.

Financing/ Knowledge Policy/ Sustainable Energy access
Business model management / Regulatory development
Education framework
6 2 15 20 12
[95] [82] [11] [71] [70] [123] [76] [121] [80] | [74] [95] [123] [104] | [54] [51] [55] [125]

[85] [119] [118]

[73] [125] [126] [71]
[88] [122] [82] [65]
[128] [127] [124]

[76] [137] [73] [7]
52] [72] [140] [88]
[122] [82] [79] [14]
[13] [85] [128] [48]

[75] [126] [138] [139)]
[141] [118] [10] [36]

Iecta
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: + Integration v S
Knowledge management, education Value Chain  [FERESSe===,

and training- closing the gap =~ e

* Global challenges require global solutions and knowledge based
sectors require knowledge management and stakeholders cooperation.

30 I oo 20— 8—0-—9—0050-00-000—9000—0—00—000-0-0-00-0—0—000-0-0 100% =
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2 70% g
2 20 5
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& B _2“
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2 28 =2
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B ﬂl"‘:
E 24 40% B
= Ex
g 10 20 =
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E ]
£ . 14 14 i
=3 7o o L
= ks i 20% =
E s 0 10 : 10 £
: 16’9+ l l g | i 7 I I ] 7 :
- L 9 10% 2
= s I sl ! 4 1]:1 s 21 I &
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2 1 l 11 1% 3 | 151 sa bt 1M1 I hi | L ‘;‘
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Flgure 3.8: Number of research publications identified and ordered by the national electrlflcatlon rate (%)




+ Multidisciplinarity- www.Electrifyme.org

(Knowledge transfer & valorization)

DISCOVER

Electification offgrd with Renewable Ener

 The main objective of the ElectrifyMe website initiative
via www.electrifyme.orqg is to foster future multi-disciplinary research in
stand-alone HRES while sharing the developments and findings during this work.

ELECTRIFYME DISCOVER . DYNAMIC CHARTS: . BLOG ~ ABOUT

DISCOVER

SharingJnnovations and connecting people for the Electrification off-grid with Renewable Energy

DISCOVER INNOVATIONS DYNAMIC CHARTS

-> "Discover" page: sharing the detailed list of innovations.
-> "Dynamic charts" page: visualizing main selection criteria: publishing country,

thematic focus and year.
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"Discover" page + Multidisciplinarity
- detalled IlSt Of InnOvatIOnS (Knowledge transfer & valorization) DISCOVER

1 the Electrfcation offgrid with Renewable Energy

DISCOVERINNOVATIONS  DYNAVICCHARTS

ELECTRIFYME DISCOVER DYNAMIC CHARTS  BLOG

What are the challenges in your country for the electrification off-grid with renewable energy?
Discover in the table the innovations about it

Country = Year T Thematic .. = Energy sources Title Year
Algeria 2013 Szing PV/ Diesel Optimal Szing of a Stand-alone Photovoltaic System with Energy Management in Isolated Areas } - (Todos) *
2012 Notspecfied  Not specified Feasiility study of hybrid Diesel-PV power plants in the southern of Algeria: Case study on AFRA power plant A Country
201 Not specified  Not specified Economic and environmental analysss for grid-connected hybrid photovoltaic-wind power system in the arid region A (Todos) .
Szing optimization of grid-independent hybrid photovoltaic/wind power generation system n
Techno-economic valuation and optimzation of integrated photovoltaic/wind energy conversion system A ; Thematic focus
2008 Modelling PV/ Wind/ Diesel Contribution a l'étude théorique du comportement d'un systéme hybride (éolienphotovoltaique-diesel) de production A (Todos) v
Notspecified  Nol specified Sizing of stand-alone photovoltaic A
Techno-economical study of hybrid power system for a remote village in Algeria A Energy:saurce
Argentina 2012 Energy Access PV/ Wind/ Diesel Argentina Project for Renewable Energy in Rural Markets (PERMER A (Todos) hi
2001 Policy and Re.. Not specified Reform of the Electric Power Sector In Developing Countries. Case Study of Argentina A Search
Australia 2014 Not specified PV Small-scale portable photovoltaic-battery-LED systems with submersible LED unils to replace kerosene-based artisa A
2013 Not specified Not specified Review of transmission schemes and case studies for renewable power integration into the remote gnd A
2012 Not specified  Not specified Criteria for Emerging Telecom and Data Center Powering Architectures A
Developing renewable energy supply in Queensiand, Australia: A study of the barners, targets, policies and actions ‘
Hybrid Power System Model How to get the most from your System A
201 Not specified Not specified A feasibility study of hybrid wind power systems for remole communities ‘
2009 Not specified  Not specified When will fossil fuel reserves be diminished? n
2008 Not specfied  Not specified Feasibility analysis of stand-alone renewable energy supply options for a large hotel A
How carbon credits could drive the emergence of renewable energies A
Solar photovoltaic (PV) on atolis: Sustainable development of rural and remote communities in Kiribati A
Austria 2012 Not specified Not specified Legitimizing research, lechnology and innovation policies for transformative change: Combining insights from innovat. A
201 Not specified Not specified Efficiency and effectiveness of promotion systems for electricity generation from renewable energy sources — Lesson P ]
2010 Not specified  Nol specified Lessons for low-carbon energy transition: Experience from the Renewable Energy and Energy Efficiency Partnership A
2008 Not specified Not specified Potentials and prospecls for renewable energies al global scale A
2007 Not specified  Not specified A guide to life-cycle greenhouse gas (GHG) emissions from electric supply technologies A
Bangladesh 2012 Not specified Not specified Hybrid energy system for St. Martin Island, Bangladesh: An optimized mode A
2011 Not specified Not specified Greenhouse gas emission and renewable energy sources for suslainable development in Bangladesh ‘
2010 Not specified  Not specified Prospect of wind—PV-battery hybrid power system as an alternative 1o grid extension in Bangladesh A
Belgium 2013 Not specified Not specified Review of primary control strategies for islanded microgrids with power-electronic interfaces A
2012 Sizing PVI Grid An autonomous photovoltaic system sizing program for office applications in Africa A
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'Dynamic charts" page
publishing country

Thematic Focus

Publishing Country

Yearly Trend
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NOTE: Projects from international agencies are located at it's headquarters.

(Knowledge transfer & valorization)

+ Multidisciplinarity

DISCOVER

e Electrification offgrd with Renewable Energy

DISCOVERINNOVATIONS  DYNAVICCHARTS

Energy source
. Not specified
Biomass
. Biomass/ Fuel cell
Diesel Generator
. Grid
PV
. PV/ Diesel
PV/ Gnd
B PV Hydro
PVI Wind
. PV/ Wind/ Diesel
ﬁ PV/ Wind/ Diesel/ Gnd
W PV Wind Fuel cell
PV/ Wind/ Grid
B v wing Hydro
PV/ Wind/ Hydro/ Diesel
M wind
Nind/ Diesel
. Wind/ Grid
Wind/ Hydro/ Diesel
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"Dynamic charts" page + Multidisciplinarity
- themath fOCUS and yeal' (Knowledge transfer & valorization) DISCOVER

Sharingfnoloi for he Electification off rid with Renewable Energy

DISCOVERINNOVATIONS  DYNAVICCHARTS
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“SOUI’Ce |dent|f|Cat|On” Scanning Innovations

The Research community

. type Of p U b | I Catl O n (Methodology & Mapping of findings)

Scarch “keywords” in

VVVVV

Type of publication &>
Project; 14; 4% PhD: 2: 0.5%

Conference; 28; 7%

Chapter book/ Report/
Bost: 27 10%

Journal; 306; 79%

®m Journal ® Chapter book/ Report/ Post W Conference ™ Project PhD

Figure 3.2: Number of publications per types (total 387)
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B . . . .
Source identification Scanning Innovations
The Research community [EEESEe

- year Of pUbIlCﬂ“Oﬂ (Methodology & Mapping of findings)

Publications per years, period 2005-2015 =
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Figure 3.3: Number of publications per years, during the period 2005-2015 (total 359)
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“SOUI’Ce |dent|f|Cat|On” Scanning Innovations

The Research community

. TO p 1 O J O U rn a.l S (Methodology & Mapping of findings)

Top 10 Journals publishing innovations in HRES

Renewable and Sustainable Energy Reviews NN e
Renewable Energy NN |
Energy Policy IS
Applied Energy NI |
Energy N —
Energy for Sustainable Development IS0 -
Solar Energy NN
International Journal of Electrical Power & Energy Systems [l |
Energy Conversion and Management [ NN
International Journal of Hydrogen Energy IS M
0 10 20 30 40 50 60

m 1993 m 1995 m 1998 m2000 w2001 m2003 w2005 m2006 m2007 m2008 m2009 w2010 m2011 w2012 =m2013 m2014 m2015 m2004

Figure 3.4: Top 10 journals publishing innovations in HRES (total 248 articles)
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“Thematic focus” Scanning Innovations

The Research community

. TeC h n I Ca.l d rlve n (Methodology & Mapping of findings)

 Technical focus is devoted to half of the publications, 126 out of 265 (46%).
Is also widely present, as in 56 publications.

* Environmental focus is little present.

e Other aspects that are highly present in the publications of innovations in HRES, with 68
publication so 26%, e.g.: education, policy, sustainable development, and energy access.

\\d;d”

Env- Life Cyel
C’d‘v & ] Assensvsme;te(L(}éig 4

Qf d? i ??‘3 Tech- Sizing; 50 & ; ﬁ i; 6: 6{}4}?
§ & F &fﬁ’;‘ A ﬁif}; sé" 4

Figure 3.20: Thematic focus of research publications related to technical, economic, environmental and
other aspects (total 265 publications)
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“Thematic focus” Scanning Innovations

The Research community

. Increase Other aSpeCtS (Methodology & Mapping of findings)

70
Energy Access
65 :
» Sustainable Development
60 -

= Policy

55 A B Education

50 ~ Life Cycle Assessment (LCA)

45 - B Tax on Carbon emission

40 - B COZ2 emissions

25 Financing/ Business model/ Energy Market

30 - ® Economical/ Costs

=
|
-

20 A B Operation/ Control
15 1 i I m Sizing
10 - = Modelling
5 y B Design
0 | . . ’ . ; : : ’ ’ _ ® Location

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Figure 3.21: Thematic focus of research publications related to technical, :
environmental and other aspects (per years, period 2005 - 2015) (total 265 publications)

25 4 H Value chain
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“Energy sources”
- Solar PV dominated

90

80

70

60

40

30

20

10

0

Scanning Innovations
The Research community

(Methodology & Mapping of findings)

Biomass
Biomass/ Fuel cell
W Diesel Generator
m Grid

PV

PV/ Diesel

PV/ Grid

PV/ Hydro

PV/Wind

PV/ Wind/ Diesel

PV/ Wind/ Diesel/ Grid
® PV/Wind/ Fuel cell
® PV/ Wind/ Grid
®mPV/Wind/ Hydro
® PV/ Wind/ Hvdro/ Diesel
B Wind

Wind/ Diesel

Wind/ Grid

Wind/ Hydro/ Diesel

Figure 3.12: Hybrid configurations of energy sources published
(total 87 publications) 2005 - 2015) (total 265 publications)




“StOrage SyStemS” Scanning Innovations

The Research community

. Batterles In the market (Methodology & Mapping of findings)

60

W Batteries/ fuel cell/ Hydrogen/ Hydro

50 - W Batteries/ fuel cell/ Hydrogen

B Thermal
40 B Hydrogen/ Hydro
m Batteries/ Hydrogen
30
B No Storage
20 'Pumped Hydro Storage (PHS)
® Batteries/ Fuel cell
10
® Fuel cell/ Hydrogen
m Batteries
0

Figure 3.17: Storage systems configurations for HRES published

(total 58 publications)
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“Main applica’[ions" Scanning Innovations

The Research community

- H O Use h O | dS g Te | eCO m 'R (Methodology & Mapping of findings)

B ® Hydrogen production

® Hospital

90 ® Geographic Information System (GIS)
B Commercial building/ Office

75 B Urban area
m Case study

60 B Desalination
B Street light/ Small lighting

45 W Rural area
B Residential (Developed country)

30 m Villages/Communities (Developing country)
@ Lab test

15 ® [sland
B Global system for mobile communications

(GSM) base station
0 B Houschold (Developing country)

Figure 3.18: Main applications present in HRES research
publications (total 104 publications)
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User journey + Multidisciplinarity
- LEDS&farI founder, Indla (Knowledge transfer & valorization) \ DISCOVER

2 lectrifcation off:grid with Renewable Energy

DISCOVERINNOVATIONS  DYNAVICCHARTS

n (R

Jobs in Supply Chain - Dow is looking to hire Planners and Improvement Specialists.

LEDsafari

Renewables & Environment « Lausanne, Switzerland + 115 followers

@ 1 connection works here. See all T employees on Linkedin =

Govinda Upadhyay

s : Seeall
CEO LEDsafari Switzerland, Entrepreneur, Forbes30Under30, MassChallenge, Asia 21 YL, EIT Aboutus Recent Update cea
CHANGE, Top 100 social enabler

LEDsafari Innovation Pvt Ltd. » Ecole polytechnique fédérale de Lausanne

LEDsafari is a social startup based in Lausanne, Switzerland
that aims to teach solar technology in schools by integrating
Geneva Area, Switzerland + 500+ innovative pedagogy and hands-on practical training through

Message

creating a solar LED lamp.

The LEDsafari lamp is a low cost MIY (Make-it-yoursalf) solar

lamp that uses a small solar panel (0.5 W} to convert energy

from the sun, store it in 3 battery and use it to power an LED r

bulb. International School of Lausanne experi...
youtube.com

that aims to ass s

tred en ... See more

Through our teachings, students learn and subsequently apply
solar technology theories by assembling an electrical circuit

7Llikes + 1Comment Zmo

w
m
L

more ~
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User jOurney + Multidisciplinarity
- LEDS&farI founder, Indla (Knowledge transfer & valorization) DISCOVER

1 the Electrfcation offgrid with Renewable Energy

DISCOVERINNOVATIONS  DYNAVICCHARTS

ELECTRIFYME DISCOVER DYNAMIC CHARTS
DISCOVER

What are the challenges in your country for the electrification off-grid with renewable energy?

Discover in the table the innovations about it

- - = Year
Country = Year = . = Enerngy sources Title
India 014 =y ndis: An spplication of HOMER A | |(Fodos) i
2013 Py J
Country
- ndia -
fion with renewsble enengy sources = e = —
2012 w ter: & case study of Rural India | i |
= = |1 India -
Mot specified Mot specified |
Indonesia
Iram
stemis feeding DCIAC losas Irag
sween secenvalsed renewabie energy sources and gnd extension Ireland
2011 Not specifed  Not specifed outh Asis: Stetus snd besi practices IRENA
Proportionai-niegrsl controier based smal-gnal anslysis ybnd distnbuted generabon syl ftaly
’ = - Japan
Wind Raisbiity anafyrs of wnd embedded power penerstion systam for indian Scanano
— . X | Jordan
2010 B Wind! Diesal/ G eniigy Sysiem usng wind and Fu-sclar & review | 4
| Kimmait
Not specified  Not specified © AN overviaw
= = iy Lebanon
Malzysia |

zing

Netherlands
New Zealand

_ . Nicaragua
Economica Py

Mgeria
Moreey
NREL

performiance on opfimal renewsble energy model—an analysis OECD |

2006

1992

[
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User journey
- LEDsafari founder, India

g
8
=
I | d
]
2
1

Count of Energy sources
%]

Energy sources

I I

Not Known Economic Design Financing, Modelling Sizing 1988

all Costs business

2007

+ Multidisciplinarity

DISCOVER

for the Elecrfication off rid with Renewable Energy

(Knowledge transfer & valorization)

{ JONS DYNAMIC CHARTS

Country

India hd
Year

[Todos) .

Thematic Focus
Sizing
Dasign
Modelling
Economical Costs
Financing, business ma...

. Mot specified

Energy sources:
Year 2014
E. sources cumulated: 1

2010 2011 2012 2013 2014
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User journey + Multidisciplinarity
- LEDS&farI founder, Indla (Knowledge transfer & valorization) DISCOVER

Electification offgrd with Renewable Energy

DISCOVERINNOVATIONS  DYNAVICCHARTS

DISCOVER

What are the challenges in your country for the electrification off-grid with renewable energy?

Discover in the table the innovations about it

Country = Year = Thematic.. = Energy sources Year
India 2014 Sizing P Wind! Hydnod Di n ncs: An application of HOMER , (Todas) »
2013
, Country
: india -
a2 M | Thematic focus

mi Download full text in PDF Export ~

Procedia - Social and Behavioral Sciences
Volume 62, 24 October 2012, Pages 1220-1224

open access

ELSEVIER

Techno-economic Evaluation of the Feasibility of a Smart Street
Light System: A case study of Rural India

Nagendra R Velaga & &, Amit Kumar
Show more

https:/fdoi.org/10.1016/].sbspro.2012.09.208 Get nghts and content

Under a Creative Commons license

Abstract

Throughout the world application of vehicle and infrastructure based intelligent transportation
systems have been increased over the last decade. Most of these advanced intelligent

KU LEUVEN
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Other users + Multidisciplinarity

- CO m paﬂ |eS : p U b I | C bOd | ES (Knowledge transfer & valorization) \ DISCOVER

2 lectrifcation off:grid with Renewable Energy

DISCOVERINNOVATIONS  DYNAVICCHARTS

in Q Search

S~

talo

a Tecn oﬂmhienhﬂ Energias renovables s Eficiencia energética » Edificacion so
~N

= Microgeneracidn descentralizada

INIIZIIJ|LAB-IPR£SA|SEE’IDRESDEAETIVIDAQ[PRIJTEETDS[INFDRMAEIURDEINTERES CONTACTO ES CAT EN FR

L\

ARTICULOS EUSS

POR ANO entrevistaa
Xavier
Vallvé,
Director de
TTA

lst

Miguel Angel Varela Sédnchez

Policy Officer en European Commission

European Commission « Universidad de Vigo

Brussels Area, Belgium « 42 &

Message

Experience

Policy Officer Energy - DG DEVCO

[ ] European Commission
—_— Sep 2015 - Present + 1yr11 mos

Xavier fue
entrevistado por la
EUSS (Escola
Universitaria
Salesiana de
Samia), centro
adserito 3 la
Universidad
Autdnoma de
Barcelona, dentro
del contexto del
oroarsma

Bruxelles

Energy Policy

Head of Section - EU Delegation to Angola
European Commission

Jul2012 - Aug 2015 « 3yrs2 mos

Luanda
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Design of HRES + Integration  + Multidisciplinarity
Beyond economic criteria Value Chain www. Electrifyme.org
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