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Ha 45-oif1 Ceccun CUI'PD B aBrycte 2015 roma mponuio mepBoe coOpaHue
paboueit rpymmel WG C6.28 "I'uOGpuanbie cuCTeMbl IS aBTOHOMHOTO
anekTpocHadxkeHus". Ha coOpanum oOCyX)maaicsi COCTaB yYaCTHHUKOB, BO3MOXHBIC
MecCTa IS TIOCJICIYIOIIMX BCTPEY, a TakXKe TMPOCEKTa COJCp)KAaHUS HTOTOBOTO
OTYeTa O JIEATCITLHOCTH TPYIIITHI.

B rpynny Bonuiu nBa npencrasutens or PHK CUI'PO:

e YyCOBUTHH IIaBen BnepseBuy, K.T.H., JOIIEHT Kadeaps
" ABTOMaTU3UPOBAHHBIC AJIEKTPUYECKHUE cuctemsr" Ypanbckoro
dbeneparbHOTO YHUBEPCUTETA,

e Koper JImutpuii AHApeeBud, pyKOBOIWTEIb mojapasieneHus Smart Grid
koMmrianuu EnerZ B Poccuu.

B xoze mepBoil BcTpeun M MOCHEAYIOLIEH IMEPENUCKU OOCYXAAIUCh U
BHOCWJIMCH IIPaBKH B MPOEKT COJIEPKAHUSI UTOTOBOIO OTYETA MO padOoTe TPYIIIIHI.
OKOHUaTeNbHO cojiepkaHue otuera (mpenacraBieHo B Ilpunoxkenun 1) ObUIO
corjlacoBano B HosiOpe 2014 rona.

[Tocne Bctpeunm Ha 45-oif Ceccunm CUI'PD paborta B rpymnme Benach IO
NEPENrCKe Yepe3 AJIEKTPOHHYI0 MmouTy. B Xone mepenucku Obuia ycTaHOBIIEHA
JIOTOBOPEHHOCTh Ha NEPBOM AJTame paboThl CPOKYCHPOBATHCS Ha HW3YHYEHUU
CYLIECTBYIOIIMX AaBTOHOMHBIX CHUCTEM 3JIEKTpOCHa0KeHUsI. OT HEKOTOPBIX YWICHOB
paGoueil Tpynmbl MOCTYNWIM HWHUIMATUBHBIE MPEAJIOKEHUS NPEJOCTaBUThH
MHQOpPMAIMIO O  HEKOTOPbIX  CYLIECTBYIOLIMX  aBTOHOMHBIX  CXEMax
anekTpocHaOxkenusi. KopeB J.A. mOpennoxusl MOATOTOBUTH HH(OpPMALUIO O
IIPOEKTE BJEKTPOCHAOKEHUS KOMILIEKCA 30J0TOAOOBIYM, KOTOPHIM 3aHUMAETCs
komrianus EnerZ,

Ha naHHBII MOMEHT OT WIEHOB TPYNIbl IMOCTYIWJIO HECKOJBKO OTYETOB C
OINKCAaHUEM CYILECTBYIOIINX CUCTEM aBTOHOMHOTI'O 3JIeKTpocHa0xeHus. Onucanue
OCHOBHBIX MPEJCTABICHO B Tabmnuie 1.

Tabnuua 1 - Onrcanrie aBTOHOMHBIX CXEM JIEKTPOCHAOKEHUS

Mecto MomuiHocTh MouHoCTh MOIHOCTE/€EMKOCTD
pa3MeIeHus | yCTaHOBOK Ha | yctaHoBOK B1D, kBT | HakonuTenei,
CHUCTEMBI OPTraHUYECKOM kBT/kB1*4

ToIJIMBe, KBT
OcTtposB 9 11 (comueunsie | -/48 kBT*u
KuTtHoc, MaHeIn ) (akKyMYJISITOpPHBIC
['penms Oarapen)
Opxkneiickue | 12700 11320 (I'>C); 11500 | 6000/- (TADC)
OCTpOBa, (B2C)
HloTnanaus




Kpome mpencraBneHHbIX B Tabiuie 1, HampaBieHO 0OOOIIEHHOE OMHCaHUE
npuMeHeHus: aBTOHOMHbIX cucreM B BC CIIA, a Taxke B craHax AdQpuKu.
O6001eHne nHGOPMAIIMH 110 ITUM OTYETaM MOKa HE TPOU3BOIUIIOCH.

B xome mepenucku akTUBHO OOCYXKJalCs BOMPOC HAIMOJHEHUs paboueit
TPYNMbl TPEACTABUTEISIMU MAaKCUMAJIBHOTO YHCJa CTpaH. 3a MEPUOJ C CEHTAOps
no aexkabpp 2014 roma k rpynmne NPUCOEAUHUIUCH TNpeacTaBuUTeNn bpazunum,
Yunu, IOxuoi Kopeun, Unnone3nn. AKTyanbHBIH CIIUCOK YJICHOB paboyeil rpymibl
npeacrasiieH B [Ipunoxennn 2.

Eme oguuM BompocoM, 00CyX)IaeMbIM B MEpENUCcKe ObLIO MECTO M BpeMs
npoBeJeHUs caeayroueil Becrpeun. [locie MHOTOYMCIEHHBIX OOCYXKIAEHHM Kpyr
OBLJI CYX€EH J0 CIEAYIOIUX MEPOIIPUATHUM:

e Indian Smart Grid Forum, March 3-7 in Bangalore, India;

e |EEE PES GM, July 26-30, 2015 Denver, USA;

e Cigre Symposium, Oct 26-30, 2015, Cape Town, South Africa (Our Second
Meeting selected).

Cumnozuym CHUIPO B Keiinm TayHe yxe ompeneneH B KadecTBE MecTa
BCTpeur paboueil rpynmbl. YTO KacaeTrcs MEepBBIX ABYX MEPONPUSATHH, MEXAY
HUMH €IIIe HJIET BHIOOD.

B 3axmodeHue cienyeT OTMETHTb, YTO IIOKa BEIETCS IOArOTOBHUTENIbHAS
paboTa KOHKPETHBIX Pe3yIbTaToOB B padOTE IPyMIbl IOKa HE JOCTUTHYTO.
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A. CHAPTER 1 - Background and Overview

A.1.0
Al.1l
A.l1.2
A.l3

A.2.0
A21
A211

A2.1.2

A2.13

A2.14

A2.15

A2.16

Functional Definitions & Terminology
Functional Definition
Key Elements of Remote Grids
Key Differentiating Factors

Study Objectives

Motivation and Strategic Directions

Social & Environmental Opportunities

e Access to clean energy

Economic Development Opportunities

e Energy as an essential means to poverty alleviation

e Rural and Agriculture Sector Development

Maximization of Renewables, Minimizing Fossil Fuel Dependency
e Islands — reduce dependency on fossil fuel imports;

e Advance control systems to maximise renewables
Sustainability, Reliability and Dependability Considerations

e Local Community ownership, tariff setting, maintenance skills
e Hardy systems for “rustic settings”

e Baseline simple/requisite cybersecurity principles

Financial Viability and Bankability of Solutions

e Affordability, credit-worthiness of solutions, pre-paid options
e Credit Champions

e On-going performance /reporting metrics
Challenges

e Technical (required systems intelligence for autonomous operation)

e Standards/Testing protocols given its global diverse applications
e Regulatory/Ownership models

e Local Safety and Maintenance



A3.0
A3.1

A3.2

A.4.0
A4l
A4.2
A4.3
Ad4
A4.5
A4.6
Ad4.7
A4.8
A4.9
A.4.10

A.5.0
A5.1
A5.2
A5.3
A5.4
A5.5

e Quantifying Benefits (value, cost, reliability and resiliency)

Scope of Study

Inclusion

e Permanent Off-Grid

e Geographical Islands, Rural Villages, Remote Communities, Remote Mines,
Mobile Platforms, Off-shore fixed Platforms, Shipping/Mobile Platforms,
and Remote Observation/Security/Military bases

e Structured and Replicable Guidelines

e Grid-ready/Potential for Grid-tie later (not become stranded asset)

e SHORT review of different business models for off-grid rural
electrification in developing countries

Exclusion

e DETAILED Socio-economic models, Social Customs and Practices

Architecture and Technical Applicability

Potential AC and DC Architecture

Power, Voltage and Frequency Balancing

Energy Storage

Small Renewable Generation Types

Intelligent Load Management

Energy Efficiency, Soft-start motor controls

Synthetic and Rotating Inertia Requirements

Intelligent Inverters and Power Electronics (Complex Controls)

Measurement Systems — Dynamic performance, P-Q, energy/load management
Diesel Gensets

Potential Impact on Existing Standards, Rules and Codes

General Policies, Regulatory and Tariff setting

Varying Types of Operations (Individual vs. Community based vs. Utility)
Impact on Distribution Systems Codes

Maintenance Practices & Management

Potential Power Quality Deviations from Standard Grid Supply

B. CHAPTER 2 - Existing Market Based Topologies (Commercial & Industrial)

B.1.0
B.1.1
B.1.2
B.1.3
B.1.4
B.1.5

B.2.0
B.2.1
B.2.2
B.2.3
B.2.4
B.2.5
B.2.6

Current Configurations

Large Campus / Industrial Complex
Commercial Complex

Mines

Apartment Buildings and Residential Complex
Individual Homes

Current Hybrid Systems (Remote Grids)

Diesel Generator Anchored with some Renewables

PV-Wind-Storage Systems; PV Irrigation systems

Microhydel-Storage Systems

Controllers and their Functions (Power Systems, Energy Management, Other)
Reliability, Operability and Maintenance

Grid-Tie Ready / Future Potential - Interconnection Standards to Utility Grid



B.3.0
B.3.1
B.3.2
B.3.3
B.3.4

B.4.0
B.4.1
B.4.2
B.4.3
B.4.4

B.5.0
B.5.1

Power System and Energy Management Dynamics
Renewable Penetrations Achieved and Limitations
Power System Dynamic Performance and Challenges
Limitations in Islanded Capabilities
Real-time Fuel Switching Issues

Vendors and their Current Offerings
Diesel Hybrid Gensets
Energy Storage for Renewables
Supervisory Control Platforms (multiple Generation Control, Fuel Optimization)
Reliability, Maintainability and Operations

Existing Remote Grid Sites
Uses Cases included in Appendix -A

C. CHAPTER 3 - Evaluation of Existing Remote Grid Systems & Integration of
Future Technologies

C.1.0

C.11
C.1.2
C.1.3
Cl1.4
C.1.5
C.1.6
C.1.7
C.1.7

C.2.0

C21
C.2.2
C.23
C.2.4
C.25
C.2.6
C.2.7

C.3.0

C3.1
C3.2
C33
C34
C.3.5
C.3.6
C.3.7

Sample Existing Off-Grid Sites
(Systems, Topology, Fuel Mix, Reliability, PQ, Dynamic Performance, Issues &
Challenges)
Remote Communities (Northern Canada and Alaska, USA)
Mines (Australia)
Hutacondo Village (Chile)
Rural Villages (India, China, Brazil, South Africa, Russia, Other)
Kythnos Island (Greece)
Other Islands (Caribbean, Indonesia, Philippines)
Mobile Platforms (USA, Canada, Other)
Above Uses Cases (if available) to be included in Appendix

Externalities and Varying Local Conditions in Above Sample Off-Grid Sites
(Climatic, Power Theft, Crime, Education, Ownership models, Maintenance/Servicing
considerations, Fuel delivery, Landed Cost of Delivered Fuel, Reliability, Power back-up
provisions, Power Tariff, LCOE, How Financed and Built, etc. )

Remote Communities (Northern Canada and Alaska, USA)

Mines (Australia)

Hutacondo Village (Chile)

Rural Villages (India, China, Brazil, South Africa, Russia, Other)

Kythnos Island (Greece)

Other Islands (Caribbean, Indonesia, Philippines)

Lessons Learnt — Identification of Similarities and Differences

Issues in Implementing Future Technology in Above Sample Off-Grid Sites
(Power/Frequency/Voltage Balancing, Intelligent Load Management, Renewables
Maximization, Instrumentation, Controls, Integration, Communications, etc.)

Remote Communities (Northern Canada and Alaska, USA)

Mines (Australia)

Hutacondo Village (Chile)

Rural Villages (India, China, Brazil, South Africa)

Kythnos Island (Greece)

Other Islands (Caribbean, Indonesia, Philippines)

Lessons Learnt — Identification of Similarities and Differences



C.4.0

C41
C.4.2
C.43
C4.4

Gap Analysis in Implementing Future Technology

Technical Gaps

Externalities and Varying Local Conditions

Others

Key Success Factors in Future Architecture and Designs

D. CHAPTER 4 - Systems Architecture and Technical Requirements

D.1.0

D.1.1
D.1.2
D.1.3
D.1.4
D.1.5
D.1.6
D.1.7
D.1.8
D.1.9
D.1.10
D.1.11
D.1.12

D.2.0

D.2.1
D.2.2
D.2.3
D.2.4
D.2.5
D.2.6
D.2.7

D.2.0
D.2.1
D.2.2
D.2.3
D.2.4
D.2.5
D.2.6
D.2.7

Generic Functional Requirements

Current & Future Loads

Targeted Renewable Penetration and Future Growth

Power System Dynamics and Power Quality Management
Overall System Functional Specification (autonomous vs. supervisory)
Performance Expectation and Criteria

Overall Architecture, Topology, Configuration

Addressing Gap Analysis identified in Section C.4.0 (Chapter 3)
Telecommunications Requirement (Fiber, Wireless, Other)
Cybersecurity Design Principles

Target Financial s — LCOE, ROI, Bankability

Robustness of System — Maintainability, Simplicity of Operation
Functional Owner/Operator Expectations

Systems Integration and Vendor Equipment Availability
(Datasheets, Performance, Warranty, Maintenance, Operation,

Supervisory Control

Small Scale Renewable Generation (PV, Wind, Biomass, Micro-hydel, Other)
Power System Dynamic Controller

Energy Management /Fuel Mix Controller

Smart Inverters and PCS

Spinning Inertia or Synthetic Inertia

Intelligent Load Management Controllers

Gaps in Existing Standards

Telecom
Interoperability

Control Platforms
Energy Storage

Smart Inverters and PCS
Others

Cybersecurity

E. CHAPTER 5 — Development Guidelines

E.1.0
E.1.1

Modularization and Sizing Blocks
Overview and Discussion



E.2.0
E.2.1
E.2.2
E.2.3
E.2.4
E.2.5
E.2.6
E.2.7
E.2.8

E.3.0
E3.1
E.3.2
E.3.3
E.3.4
E.3.5
E.3.6
E.3.7
E.3.8

E.4.0
E.4.1
E.4.2
E.4.3
E.4.4
E.4.5
E.4.6

E.5.0
E.5.1
E.5.2
E.5.3
E.5.4
E.5.5
E.5.6

CONCLUSIONS

Residential Cluster

Design Guidelines for Residential Cluster

Module R1A - (0.5-1 KW)

Module R1B - (2.0- 3.0 KW)

Module R1C - (3.0 — 5.0 KW)

Key Technical Criteria Metrics (Robustness, Performance, Maintenance)
Key Socio -Economic Criteria Metrics (Owner/Operator, Bankability)
Testing and Performance Verification (FAT, SAT, Other)

Expected Deviations from Performance Standards

Community/ Commercial Cluster

Design Guidelines for Community Clusters (Residential + Commercial)
Module C1A - (50-100 KW)

Module C1B - (100-200 KW)

Module C1C — (200 KW +)

Key Technical Criteria Metrics (Robustness, Performance, Maintenance)
Key Socio -Economic Criteria Metrics (Owner/Operator, Bankability)
Testing and Performance Verification (FAT, SAT, Other)

Expected Deviations from Performance Standards

Remote Mines

Design Guidelines for Remote Mines (Heavy Industrial, HVAC, Motors)
Module M1 - (2.0-5.0 MW)

Key Technical Criteria Metrics (Robustness, Performance, Maintenance)
Key Socio -Economic Criteria Metrics (Owner/Operator, Bankability)
Testing and Performance Verification (FAT, SAT, Other)

Expected Deviations from Performance Standards

Mobile Units

Design Guidelines for Mobile units (Residential + Commercial + Light Industrial)
Module MU1 - (200-500 KW)

Key Technical Criteria Metrics (Robustness, Performance, Maintenance)

Key Socio -Economic Criteria Metrics (Owner/Operator, Bankability)

Testing and Performance Verification (FAT, SAT, Other)

Expected Deviations from Performance Standards

BIBLIOGRAPHY/REFERENCES

Appendix-A
Some islands in Asia using his contacts (e.g. Indonesia, Jeju/Korea)
Russia Mining Remote Grids (e.g. Gold mines, others)

Off-grid Islands in the South China Sea

Hutacondo Rural Community Project, Chile

Bonholm Island and Samsoe Island, Denmark

Island of Texel, North Holland

Orkney Island, Scotland and El-Hierro, Canary Islands

French Islands (Utility EDF) of Guadalope/Corse/La-reunion

O N Uk WNE

— Topologies of Existing Global Remote Grids



10.
11.
12.
13.

14.
15.
16.
17.
18.
19.
20.

DC Microgrid, Xiamen University, China

Perfect Power, lllinois Inst. Of Technology and microgrid at UCSD Campus, USA
Microgrid at BCIT Campus and Hartley Bay First Nations Community in BC, Canada
Kasabonika Lake First Nation Community, and one more in Northern Ontario, Canada
Kangiqgsualujjuaq First Nation Community, Quebec and Ramea Island (Wind-Diesel-
Hydrogen), NFLD, Canada

Remote Mines that now has extensive Solar adoption

Kythnos Island and a few others, Greece

59 Palms, CA and one Alaskan Remote Grid, USA

Examples of Rural Remote Grids, in Sub-Saharan Africa or in South Africa

Cronimet Mine, Thabazimbi, South Africa

Island of “Fernando de Noronha”, Brazil

Island of “Pellworm”, Germany
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