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The Colombian C&l solar and energy storage market is entering a rapid growth phase driven
by national policies, tariff structures, and the increasing need for grid resilience. LIVOLTEK, a
Hexing Group company, brings a decade of power electronics, grid automation, and digital energy
experience to create a unified, end-to-end PV+BESS solution tailored for Colombia’ s distribution

companies (Enel, EPM, Celsia, Air-e, Afinia) and EPC partners.
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RERER, NEHOLLIIAIEIEE/AT) (Enel, EPM, Celsia, Air-e, Afinia) LA EPC S{EKHTIE—
BN, inElimAIyhERRIR T,

This document integrates market analysis, digital ecosystem architecture (PowerPuls,
PowerNest, PowerSync, PowerHive, EnergyOrbit), engineering design, financial modeling, technical
SLDs, and risk control frameworks into a complete system. It is structured for decision-makers,

utilities, EPC partners, engineering consultants, and investors.

AXHEESTHHDT. BFaERESIKR (PowerPuls, PowerNest, PowerSync, PowerHive,
EnergyOrbit), T#2igit. MSEE, %K SLD. XGiztERERNS, F—EmERERE. BEEAE.
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Chapter 1 — Colombia Energy Transition Overview

% 1 & — SeLbiraeRERit

1.1 National Energy Policy Summary
1.1 EFREERBERITA

Colombia has committed to one of the most ambitious clean-energy transitions in Latin
America, powered by strong government policies, multi-decade electrification targets, and a

rapidly expanding FNCER (Non-Conventional Renewable Energy Sources) regulatory framework.

EHMCLLI R AL T ENREREE R RFWRNERZ —, HebREERIFHENESER. BSUAIFENTHB
&8ER (FNCER) BIMRIEAFRE.

Key elements include:

O BEREE:

® Llaw 1715 (2014) - foundational law enabling renewable energy and distributed
generation.

e 1715 Si% (2014) — AT BARERS D MIVKFEIEEEN,

Law 2099 (2021) — expands incentives and modernizes the energy transition framework.
® 2099 SiE (2021) —R{LAEIREEELATRIRN S I B,

® Subsidies and tax incentives — VAT exemption, accelerated depreciation, import tax relief.
o FUUEIR—IBETRR. INETIH, HOMREAR.

® 7Nl electrification strategy — rural/off-grid electrification via solar + BESS microgrids.

e ZNI BS{EER—HNREibXED “YoA +iEsE" TR,

These policies make C&I PV+BESS a national priority across both urban and rural regions.

XERGRETHIHEN ALECERNNERARESR, SEEHIRTEIHX.
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1.2 Law 1715 — FNCER Framework
1.2 1715 Si% —— FNCER {E%8

Law 1715 established the legal foundation for renewable energy participation in the electricity

market, distributed generation, and investment incentives.
1715 SSENTBELEREREHMN. DN ABLARIRE SRR 7AEEM,
Key provisions:

EEF:
® Enables self-generation ( “autogeneracién” ) for industrial and commercial users.
o RIFIEWEAF "BEKRHE" .
® Enables surplus electricity injection into the grid (subject to utility approval).
o RIFEREELN (FEEATMME).
® Guarantees access to the distribution network for qualified FNCER systems.
o (RIESHYHRRFIKSECHEMENELK.
® Tax benefits / FIKLER:

» 50% income tax deduction / FriEfE0 (50%)

>  5-year accelerated depreciation / 5 SEANiEHTIH

> VAT exemption / 1&(EFiGR

>  Import duty exemption / #HOF R

1.3 Distributed Energy Deployment Trends
1.3 S EEFARRIES

C&l customers—especially manufacturing, logistics, data centers, retail, and hospitality—are

now the strongest drivers of distributed solar + BESS deployment.

ERADHIEBERN R

TrlkAR—AEHRSEL. Y. S0, EEMEEL
SRR,

Trends:
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[ELR

® Rapid growth of rooftop solar in Bogota and Medellin

¢ INFASEEMETHUAREEG K

® Increasing adoption of BESS due to high tariffs

o HEHEMHMSEEERARRER

® Weak-grid Caribbean regions adopting PV+BESS for PQ + backup
o NEPELbIXSSERMFAFRACHERTT PQ S&HEEEN

® ZNI communities shifting away from diesel

o 7NI XIFHZFEERLHAR

1.4 Implications for C&I PV+BESS

1.4 MITRILEHERIEN

Colombia’ s energy transition directly accelerates C&I PV+BESS adoption across three fronts:
EHMCLLIPRIREIREEE N TR etk =EHEa):

1. Economics — high tariffs — strong ROI / Zi¥t——=E{ — & IRR

2. Reliability — grid instability — BESS for PQ/backup / AJ5tE——35EE/ — fEREAT PQ/
=

3. Policy — tax incentives + simplified interconnection / BSR—tWCEURD + FRIFHEIARTL
%
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Chapter 2 — Regulatory, Tariff & Utility Landscape
% 2 § — &, BMSEBEE

2.1 CREG Tariff Structure

2.1 CREG HB{fi45t3

CREG regulates electricity pricing and defines a standardized tariff model consisting of:
CREG BEF—ANEERN, TEHUTAMER:

G: Generation (&)

T: Transmission (fiE8)

D: Distribution (EgEg)

C: Commercialization (F\l{t)

PR: Regulated losses (RFE)

R: Restrictions/charges (Z9sRSHINZE)

For C&l users, high marginal tariffs and demand charges create strong incentives for PV+BESS

deployment.

TR RO SFERARS, HE/HERNEFERERSIA.

2.2 Distribution Utility Landscape

2.2 BERAEIER

Colombia’ s distribution network is operated by five major utilities:
EHeL I ACEE N A X T E T EREIE:

1.  Enel Colombia (Bogota + Cundinamarca)

2. EPM (Medellin + Antioquia)
3. Celsia/EPSA (Valle del Cauca, Tolima)
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4. Air-e (Atlantico, Magdalena, La Guajira)
5. Afinia (EPM Group) (Bolivar, Sucre, Cérdoba, Cesar)

Each region has different grid conditions, loss levels, and tariff structures—making PV+BESS

opportunities highly localized.
BXFEMIER. BNSIRAEKEEREES, SEUUENSEBREAMIERLE,
2.3 ZNI (Non-Interconnected Zones)
2.3 ZNI JEEBK
® Cover 52% of the country’ s land area / X 52 ETIEFRAY 52%
® Serve rural communities, islands, and jungle regions / IREZ KA. Bl55MMibE
® Power supply dominated by diesel / FHE75=LEH

® The government targets solar+BESS microgrids as the main replacement / BUFFHERDYEAERS
FEREARSEH

® 7Nl areas are the strongest IRR opportunities for hybrid microgrids. / ZNI ZY¢E5HE R
BRI,

2.4 Tariff Drivers for PV+BESS Adoption

2.4 BMIETIEE
C&l users face / TR ZiEAEIG:

® High energy charges (FSREEE)
® High demand charges (EEE#H)
® TOU differentials (IEBNE)

® Weak-grid outages (S5M(SER)

® PQ problems (PQ [agk)

These create strong drivers for / (BB TERREIGK:
o PV {HEBRAEN
o fiEREHIIE
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o fE—kMELSTR
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Chapter 3 — Market Landscape & Opportunity Mapping

% 3 § — hintERSNamE

3.1 Market Logic: Policy x Utility x Tariff

3.1 himZiE: BER x BEAR x BfEE

Colombia’ s PV+BESS opportunities must be understood at the intersection of:
EHOLLIPEETIZ MM A T =4EE R X O :

1. National policy — incentives, interconnection / BEEEAE] — BRI SHRAE
2. Tariff structure - BBINSHEEZ

This forms a holistic “opportunity blueprint” for every region.

=EHEMREAN KIS EEE,

3.2 Opportunity Matrix (Utility x Scenario)
3.2 2% (BB2F x 5

Utility Stable Grid Weak Grid High Tariff ZNI Best Scenario

Enel Y YY) oo oeco - C&l PV+BESS

EPM YYY) YY) YY) - Industrial Microgrid
Celsia YY) oo eoe - Utility PV+BESS

Air-e oo ecoe ecee oo PQ + Backup + Peak Shaving
Afinia YY) YY) YY) ° Industrial/Hybrid

ZNI - - - YYY) Hybrid Solar+BESS+Diesel

("o BEBRTUHBER)

3.3 Detailed Regional Opportunity Analysis

3.3 XiFtN&iRRE
Enel Bogotd — HiE&a C&l ¢ (BB STI)
EPM Medellin — TV FEXHEMERE

7/70
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Celsia — EHIARIEHESARRX

Air-e — 55K, {=E, IR — JiE PQ XIE

Afinia — MELLRERIAXE — Tl eiEnT izt
ZN| — JESAMEBMNESE IRR

3.4 LIVOLTEK Digital Ecosystem Market-Fit Map

3.4 LIVOLTEK HIFeERESSHIHES

1. High C& tariffs = EnergyOrbit + PowerHive / TE/=EB{+ — EnergyOrbit + PowerHive
2. Weak-grid instability = PowerSync + GFM PCS / §8EpAFaE — PowerSync + GFM PCS

3. Zero-export enforcement — PowerPuls + PowerNest / FE&RIZE N iRESR — PowerPuls +

PowerNest

4. Feeder losses (Air-e/Afinia) = PowerPuls + Smart Grid Devices / EEMEIREE (Air-e/Afinia)
— PowerPuls + EERIBEEIRE

5. ZNI electrification — PowerNest + BESS Hybrid Microgrids / ZNI {mizftEE — PowerNest
+ JEESR SRR

Ecosystem Layers / &S EER:

® Measurement: PowerPuls / EMZ: PowerPuls

® Local Control: PowerNest, PowerHub / Ati=#E: PowerNest, PowerHub

® Coordination: PowerSync / #E&: PowerSync

® EMS: PowerHive / ifm/EXE: PowerHive

® Cloud: EnergyOrbit / =imEgEE: EnergyOrbit

® Hardware: BESS + RMU/FTU/DTU / f@4EHtHE: BESS + RMU/FTU/DTU
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Chapter 4 — LIVOLTEK Digital Energy Ecosystem
%8 4 & — LIVOLTEK #FREFESRSE

4.1 Ecosystem Overview

4.1 £EBEREE

The LIVOLTEK Digital Energy Ecosystem integrates measurement, control, coordination, EMS
optimization, and cloud intelligence to support PV, BESS, EV charging, microgrids, and
distribution-grid applications. It is designed to meet the diverse needs of Colombia’ s C&I market,

weak-grid coastal regions, and ZNI microgrids.

LIVOLTEK #=FrERESRRRESEN., =H. thE. EMS MHUETREREREN, EETFHA.
BE. 7oHE. RIEBMKRECNIZES, BefEEECSHCIL I Trslmis. SSEBMIABXIRE ZNI FHEBMAISHE

The ecosystem consists of six functional layers / BB EB SN INEEEIER :

1. Measurement Layer (ZME): PowerPuls, PowerScope, Smart Meters

2. Local Control Layer (Ait#=#IE): PowerNest, PowerHub

3. Coordination Layer (i#EE): PowerSync

4. EMS Layer (uh=/EIXE): PowerHive

5. Cloud Intelligence Layer (=im%& gE): EnergyOrbit

6. Hardware Base Layer (F#{4&): BESS. Switchgear (FTU/DTU/RMU)

4.2 Product Portfolio Overview

4.2 FREIREN

4.2.1 PowerPuls — High-Speed Edge Measurement Module
4.2.1 PowerPuls — =BG ENEE

PowerPuls is a high-speed measurement module that samples real-time power, voltage, and
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current data at millisecond-level intervals. It is the key enabler of zero-export control,

anti-backflow protection, PQ monitoring, and precision feeder management.

PowerPuls R HEERENEE, AJSLIRENR, BE. BRFHE, ET¥nEs. kREx
fRiF. PQ WNFISHHIRE EIRAER A

Value / fiHE=:
® Zero-export with <100ms response / FiFFRMME <100ms
® Real-time PQ visibility / PQ SCRSRT{ML

® Essential for weak-grid regions / 5588 /Ii% 5 < HERE

4.2.2 PowerScope — Site-Level Energy Flow Analyzer

4.2.2 PowerScope —— IhEREERROTN

PowerScope provides deep energy-flow visibility across PV, BESS, EV chargers, diesel

generators, and critical loads.
PowerScope BIRIJE(R. fBRE. FREEHE. SEENSXRAMEHITEEERATIIL,
Value / fiHE=:
® High-resolution load analysis / &0 ## o
® Identifies optimization opportunities / ¥&ERBIFILA

® Foundation for proper sizing / RFEFiIERIKIE

4.2.3 PowerNest — PV +BESS Integrated Controller
4.2.3 PowerNest — Jfi—idfbizHlzs

PowerNest orchestrates PV, PCS, batteries, meters, CT/VT, and load controllers. It enables

real-time power control, zero-export enforcement, peak shaving, and fast grid-off transitions.

PowerNest fasytfA. PCS. BBith, iHERERGFTEHNGE—SIE, SLIISCRITIEREE. TR,
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AR RS I TIRE,
Value / fiHE=:
® Seamless PV+BESS integration / S¢fiE—{Rztizsl
® Fast dynamic response / =R

® Zero-export + PQ stabilization / F¥iR + PQ &€

4.2.4 PowerSync — PCS Cluster Controller
4.2.4 PowerSync — PCS £EEfizihse

PowerSync coordinates multi-PCS clusters at both cabinet scale (125kW) and container scale

(5MWh). It provides GFM/GFL switching, black-start, ramp-rate control, and PQ optimization.

PowerSync B EIBEHAER: (125kW) SEEHESR (SMWh) £ PCS &8, i GFM/GFL )i,
EER. [CE=REHS PQ k.

Value / fMEm:
® Turns multiple PCS into a single stable power source / £ PCS Zp  "— N EEIR”
® Enables weak-grid support / 55/MSZIERES IR

® Required for all large systems / XS EILENS

4.2.5 PowerHub — EV+PV+BESS Hybrid Energy Hub Controller

4.2.5 PowerHub — ZEfi—IpaEiRtRAI=HIRS

PowerHub integrates EV fast chargers, PV, and BESS, optimizing charging curves, reducing

demand peaks, and ensuring continuous uptime.

PowerHub §tR7e. HASHEEESA—K, LFTEBIHLZ. FREEIEEHRRSAM.
Value / {fi{E=R:
® Enables grid-friendly fast charging / &FELRFE

® Reduces station OPEX / [&EFREBIHEEMA
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® Supports TOU optimization / ISR

4.2.6 PowerHive — Campus & Industrial Park EMS

4.2.6 PowerHive EXKEERERRSR

PowerHive coordinates multi-building energy assets in industrial/commercial parks, providing

optimal dispatch of PV, BESS, HVAC, EV charging, and critical loads.
PowerHive AAFTWRIXFAMEIEX, SCHEK. fEEE. =, REMMXEAENEERE.
Value / fiHE=:
®  Multi-building optimization / EXZ%iHEAL
® Cost reduction for whole campus / [&E2RXEEEKA

® Centralized control + local autonomy / &R + AHEA

4.2.7 EnergyOrbit — Cloud Energy & Carbon Platform
4.2.7 EnergyOrbit — =ZRiREEHESHKHEES

EnergyOrbit aggregates real-time data from all site assets and provides carbon accounting,

fleet optimization, fault prediction, and performance dashboards.
EnergyOrbit CERULRRIEIE, SCIBRARZE. SEHL. HIETTNAMREBERD T,
Value / fiHE=:
® Fleet-wide visibility / SEB¥aI#IL
® Predictive O&M / FRMIMIEHE

® Automated reporting (CREG/ISO/EPC clients) / Bahft#k®%x (CREG/ISO/KEF)
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4.3 System Architecture (Five-Layer Model)
4.3 REHE (AERR)

Layer 1: Measurement — PowerPuls / PowerScope / Smart Meters
F—=: BlE

Layer 2: Local Control — PowerNest / PowerHub

BE BEHE

Layer 3: Coordination — PowerSync

B=E: MEEHE

Layer 4: EMS — PowerHive

BNE: wm/EX EMS B

Layer 5: Cloud — EnergyOrbit

FRE: minSheE

Layer 6: Hardware Base — BESS, RMU, Recloser, FTU/DTU

FNE BHEME

4.4 How the Ecosystem Enables Colombian Use Cases

4.4 EBRFMAHETHC LI RIFIBIESR

1) Stable Grid Cities (Bogota, Medellin) / I3EBREET GESIA. ZEH)
® Peak shaving / Bl

® TOU optimization / 2B

® Zero-export / Tzl

2) Weak Grid Coastal Regions (Air-e, Afinia) / 5EBRI;GiE (Air-e, Afinia)

® GFM stabilization / GFM &%
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® Anti-tripping / BRI

® PQimprovement /PQ XZE

3) ZNI Microgrids / ZNI #{E8[]

® PV+BESS+Diesel coordination / J&igsethiEizss)
® 24/7 energy / 1Rfit 24/7 BETRIRE

® Reduced diesel cost by 50-80% / 4HRkATIE 50-80%
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Chapter 5 — Standardized C&I PV +BESS Solutions for Colombia
% 5 & — EMCHLIET Rk fEtRERRRA R

5.1 Solution Overview

5.1 BRHGEMAE

Colombia’ s C&I users operate under three distinct grid conditions—stable urban grids, weak
grid coastal regions, and fully off-grid ZNI communities. LIVOLTEK provides three standardized
PV+BESS solution archetypes that match these conditions.

EHMCEYI A Tk B Im =SS BB FB 44 - ST ARErE M. INEDELIREBESEEM. ZNI ST BMIX L,
LIVOLTEK AiX=RpRRH BB EHN=MIRECI RIS,

Three archetypes:

=XiH=ARE:

® Stable Grid C&I PV+BESS (Faceeam Trglsths)

® Weak Grid PV+BESS with GFM (35EB/ GFM BB ¢h%)

® Off-grid / Hybrid Microgrid (B / YiELSREMEBR)

5.2 Solution Type 1: Stable Grid C&I PV+BESS
5.2 55— BEBEMIEILHERSE

Applies to / ERBIGS

® Bogota (Enel) / iEEK (Enel)

e Medellin (EPM) / Zf&#k (EPM)

® \Valle del Cauca (Celsia) / &-RLUE (Celsia)

Typical Users / BBBYFIR:

® Shopping malls &%
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e Office buildings 7\
® Logistics parks ¥IREIK
® Data centers #iEl

® Retail chains FEE1EH

5.2.1 Value Proposition
5.2.1 ffi{EEK

This is an economics-driven model focusing on PV self-consumption, peak shaving, TOU

arbitrage, and backup for critical loads.
AUzl SEEREMA. g SERMXERESEE,
Value Points / {f{{ES:
® Reduce electricity bill by 15-35% / (£ 15-35%
® Reduce peak demand charges / [&{EEE2:
® Improve power quality / #2F PQ
® Fast backup during outages / {ZEEHA|EHR A HREEZE

5.2.2 System Architecture & SLD
5.2.2 RARIESRZEE

1 | — DC
—_— — AC o
maEa--En H ! - -~ Communication
=07 & ® - ® ; N
PV . ————
» -y » -1 [Sass] !
Grid-tied System PV Cabinet i App/Web
1
i
. Cl = Cl e C . L O — — =
B g g g £ g z g g E
bl o P 2 i s smart
] s @ s L] S L] 5 EMS i Meter P ——
n 1] wo_____. n I .
T PR I [P m

AC Cabinet Transformer Grid

=
E c&l
Livoltek BESS System Loads

System Architecture / REEHIE]
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Transformer

@Standby DG
\v sarsio
38 ﬁw@

| I l l

(] On pepe ] e oche Fom] pepepe
A\ 4 Y
9 CT Cabi PV Incoming Cabinet BESS Incoming Cabinet Distribution Cabinet

net
I%I L Load
Paay
) ¥
Grid Tied Inverter | AC AC
L 0e L= L2

PV Strings 3 :
BESS Cabinet BESS Cabinet

SLD / B&[E

5.2.3 Recommended Configuration

5.2.3 EERE

Component Recommendation Fh3Zisies
PV Capacity 0.5-1.2 x peak load HAEEDE: BEREN 0.5-1.2 &
BESS Capacity 1-2 hr (261 kWh typical) figge: 1-2 /MBT (261 kWh EH)
PCS Mode GFL mode + Zero Export PCS: GFL &=, + JE¥R
Backup Loads 20-40% of total FEELA): RIRfAY 20-40%
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5.2.4 Control Strategy

5.2.4 {=HISRHS

Daytime / BX:

PV — Load — Charge BESS (with zero-export constraint) / Y¢A{EScttats, SRBERELE (B
i)

Evening peak / {EHIE(E:

BESS discharge — reduce peak demand / fiRERREEHIIE

Night / %i:

Grid — Load, optional off-peak charging / {KEB{ FEEBEL(FHL

5.3 Solution Type 2: Weak Grid PV+BESS (GFM Enabled)
5.3 1#S_: 55FM GFM BIffEN=R

Applies to / BERKIH

® Caribbean Coast: Air-e, Afinia / IN#ILLIGE: Air-e. Afinia

® High-loss feeders / BiRFEAKX

® \Voltage instability areas / EBEARFRE X1

5.3.1 Value Proposition

5.3.1 ffi{EEK

The main objective is to stabilize the local bus, support PQ, prevent PV tripping, and ensure

continuous power under outages.
5 EREEREASE. PQ =BT, BrLESEARRMN, FHIEEHEET RIS,
Key value points / {f{E=:
® GFM support for weak grid / GFM BZMISZiE55FER

® PQ stabilization / PQ EHEERENE
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® 0-ms transition to off-grid / 0 ZFFHEM )R

® Works in high-loss feeders / ERFEREAKX

5.3.2 System Architecture & SLD

5.3.2 RARIESREE

T iEn - B —

(o Rl F ® - °

PV y
] bl | ] bl |

Grid-tied System

. e el = 2 . s
: < < : < <
7 oL oL o . o
(L) I (L) [ s (L) I (L) I
- - - =
| Wiy Iy O I i
”~ -~ ”~ ~

Livoltek BESS System

=®-.] L (g

— DC
— AC
- -~ Communication

I
1
PV Cabinet | App/Web
I
1
1
__________ ] £]| contactor
iEMS E: ==
w Transformer Grid
Smart
Meter ==
TS Cabinet GEN
Loads
System Architecture / REEHE]
19/70
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LV Busbar

— |

By o

Incoming Cabinet i @
_§sE

[ o]
Z,ACT Cabinet TS Switching Cabinet
SWITCH IEMS l l
| ety d""'d"@ o]

tj GO et ]

PV Cabinet
(P'O“q)“ Load
—
i
\I %
| |
Grid Tied Inverterl%l I%I
PV Strings ﬁ : ﬁ :
SLD / EaEkE
5.3.3 Recommended Configuration
5.3.3 iffFicE
Component Recommendation Fh3Zi5AR
PCS GFM mandatory PCS wszHF GFM
BESS 1.5-3 hr figBe: 1.5-3 /A
Voltage Support Enabled (LVRT/HVRT) B LVRT/HVRT
Islanding <10 ms BErJHE <10ms
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5.3.4 Control Strategy

5.3.4 1=HISRRER

Normal Grid / IEEHR:

GFL mode, PQ smoothing / GFL #&=,, PQ #&&

Voltage Dip / BBEBE:

PowerSync triggers GFM stabilization / PowerSync [5z1 GFM 2%
Outage / {5H:

BESS instant islanding — power continues / fEHEBEATEIRN — 4E{tER

5.4 Solution Type 3: Off-grid / Hybrid Microgrid

5.4 iHm=: BN / KEERSHBRN

Applies to / AKX

® 7Nl areas (Amazon, Pacific, islands) / ZNI XiF, (TZS#MMR, KFEFGFE. Bi5)
® Mining sites / H'X

® Rural villages / KiFttX

5.4.1 Value Proposition

5.4.1 ffi{EEK

Hybrid microgrids reduce diesel consumption by 50-80% while providing 24/7 stable power.
BEREEMELD 50-80% SEHBEFE, BRMRIE 24/7 ISEMAE.

Value points / {fi{Es:

® Fuel savings / MAHTE

® Stable 24/7 supply / 24/7 FaEHE

® Scalable modular design / #&HRET &
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5.4.2 System Architecture & SLD

5.4.2 RFFBSRLE

1 — DC

! — AC

! - == Communication
1

- R B
@ ] By
PV _ : : ®: R (Q
] =y [ =y —

meme

1
1
Grid-tied System PV Cabinet | App/Web
| .
1
L Eo
. L CilpEe C . | O I =
= : z : =z : P i g Contactor
° ol o e o j o iEMS Z :
iy r ) r iy { e [C] r w [ |
5 5 5 5 il =
| -l i L | ..

TS Cabinet

£
l:'| C&l
Ui imlbals DEOE Cuinbmma —— Nl i

System Architecture / RGEZRHEE
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Incoming Cabinet

CT Cabinet j[ Wl

oo [im] Do pp ]

Crid Tied Inverter | AC AC

PV Strings & : : :

.o

SLD / B&[E

5.4.3 Recommended Configuration

5.4.3 EERE

y A
PV Incoming Cabinet vBESS Incoming Cabinet 7Distribution Cabinet
j[ Wl Load
X x

BESS Cabinet  BESS Cabinet

Component Recommendation HA3Zisi Bl
PV 1.2-1.5 x peak load etk 1.2-1.5 {EIBERE
BESS 4-6 hr autonomy fifE 4-6 /\BF
Diesel Emergency only LS HN NS
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5.4.4 Control Strategy

5.4.4 1=HISRER
Daytime / BX:

PV — Load — Charge BESS / J¢RHER + fiEBEFEER

Night / %&&:

BESS — Load / f#REMLEE

Bad weather/ EHEXS:
Diesel + BESS / 4&iihEN LR

5.5 Solution Comparison Table

5.5 =XHFEMLLR

Scenario Grid BESS Size Control Mode Best Regions
Stable Grid Strong 1-2hr GFL + Zero Export Bogota / Medellin
Weak Grid Weak 1.5-3hr GFM/GFL Hybrid Caribbean Coast
Off-grid None 4-6hr GFM Microgrid ZNI

1 BRI fEaEaE D BER
FREEE R 50 1-2 /\BF GFL + Z¥iR RETK / EfEM
S5EE[Y GE[T 1.5-3 /BT GFM/GFL B& IngEbELiaE
I RITRIEE Y FoEE R 4-6 /A GFM fR{EEpY ZNI

5.6 Integration with LIVOLTEK Digital Ecosystem
5.6 5 LIVOLTEK #54SRYSERS

All three solutions are powered by the same digital ecosystem:

=XRSEEETHENESFRERES:
® PowerPuls (ZWHRE)

® PowerNest (StfiEHl)

® PowerSync (% PCS =)

® PowerHive (E|X EMS)
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® PowerHub (FefiErcizHl)

® EnergyOrbit (=iHEHE

® BESS Family (125kW/261kWh & 5MWh)

® Grid Automation (FTU/DTU/RMU)

This ensures scalability, reliability, and consistent operation across Colombia.

RIESEESHOHT XSS, T REEIT—E
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Chapter 6 — Technical Specifications & SLD Designs
% 6 E — BAMBSREE T

6.1 General Engineering Principles

6.1

BATRETR

All PV+BESS systems deployed in Colombia must comply with RETIE, CREG interconnection

rules, IEC standards, IEEE 1547, and utility-specific requirements (Enel, EPM, Celsia, Air-e, Afinia).

FrE R GV IUHE RETIE, BYSE CREG BFFMinE. |EC EfrtrE. |EEE 1547, LARZECER
NEINEK (Enel, EPM, Celsia. Air-e. Afinia),

Core principles include / #URUEHE:

Safety-first (RETIE compliance for all electrical work) / Z£%— (BE RETIE BSZLtRE)
Zero-export capability for urban C&I / Fizmse g TRl EK

GFM/GFL hybrid control for weak-grid regions / GFM/GFL B&i=HIEREF 555 M X1
Seamless islanding (<10 ms for backup scenarios) / FT4EEMJH%E (<10ms, HFREBIHR)
Harmonic limits (THD < 3-5%) / i&&#=% (THD /NF 3-5%)

SCADA/EMS interoperability (Modbus, IEC104, MQTT) / SCADA/EMS HE£ (Modbus.

[EC104, MQTT)

Standardized SLD & protection settings for each utility / #xEft SLD S{FPEE HESHE

NG R

6.2 Standard SLD Type 1 — Stable Grid C&I PV+BESS
6.2 REBMINERLE (SLD X8 1)
6.2.1 Applicable Regions

6.2.1 EAXIE

Bogotad (Enel)
Medellin (EPM)
Valle del Cauca (Celsia)
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6.2.2 ASCII SLD

6.2.2 ASCIl BZE

Transformer Standby DC Gen
I I
r— O —
| T-2/v | | os |
L___r__J L___r__J
—— ——
1 =
| sw | | sw |

= 5

|
I
|
| |
I I
Y

B e
| sw | | sw | | sw | | sw |
I_I_I
[ — r— e | - |
| et | | & | | BESs | | pisT |
| Cabinetl | Incom. | | Incom | | Cabinet|~—~—> LOAD
| I_I_I [ : | 1 |
—" | | ¥ |
| ac/oc | | BESS cabinet |
| | | |
|
——%—
|PV Strings |
| S

6.2.3 Technical Specifications

6.2.3 RIS

Electrical Parameters (BSZ#])
® PCS: 125 kW (GFL)
® Transformer: 400/480 Vac LV
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® THD < 3%

® Response time < 20 ms

® Zero-export enforcement < 100 ms
Control Parameters (35#1=#0)

® PV priority for self-consumption

® Peak shaving

® TOU optimization

® Fast backup for critical loads

Interconnection (HRER)
® Anti-islanding per IEC 62116
® Relay: UV/QOV, UF/OF, ROCOF
® SCADA via Modbus TCP

6.3 Standard SLD Type 2 — Weak Grid PV+BESS (GFM Enabled)
6.3 SSFEMItTERZE (SLD XB 2, 325 GFM)

6.3.1 Applicable Regions

6.3.1 ERAKIY

® Air-e (Atlantico, Magdalena, La Guajira)
® Afinia (Sucre, Coérdoba, Cesar)

® All high-loss / unstable feeders
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6.3.2 ASCII SLD

6.3.2 ASCIl BZE
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6.3.3 Technical Specifications

6.3.3 RIS

Electrical (BS&%))

® PCS supports full GFM mode

® LVRT/HVRT required

® Instantaneous islanding < 10 ms

® PQ stabilization active

Control (iZHI5RHE)
® GFM bus forming for weak grid
®  Multi-PCS coordination via PowerSync

® Anti-tripping control during dips

Interconnection (HRER)

® DERMS/SCADA compatibility

® Modbus/IEC104

® Protection: UV/OV, UF/OF, ROCOF

6.4 Standard SLD Type 3 — Off-grid / Hybrid Microgrid (ZNI)
6.4 ER/BSHEMNITERZLE (SLD B 3)

6.4.1 Applicable Regions

6.4.1 EMAXI%

® Amazon

® Pacific jungle
® Rural ZNlI villages
® Islands
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6.4.2 ASCII SLD
6.4.2 ASCIl BZE
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] e B
| pv | | Bess | | rLoap |
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L__j____J | S
|
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Confidential — LIVOLTEK | HEXING Group 31/70



LIVOLTEK | HEXING Group
Technical White Paper

LIVOLT=K

MEMBER OF @ HEXING

6.4.3 Technical Specifications

6.4.3 RIS

Electrical ((BS&#))

® PV oversizing allowed (1.2-1.8x load)

® BESS autonomy: 4-6 hours
® Diesel backup only

® Frequency stability via GFM PCS

Control (iZHI5RHE)

® PV-BESS-Diesel hybrid dispatch
® SOC-based scheduling

® Load shedding (L1/L2/L3)

Communications (&)
® Modbus RTU/TCP

® EnergyOrbit for cloud monitoring

6.5 Protection Settings (RETIE + IEEE 1547)
6.5 HM{RIFEE (RETIE + IEEE 1547)

6.5.1 Standard Protection Table

6.5.1 {REERIFEER

Protection Trip Value

Delay

Standard

L el L

ov1 110% Vnom

20s

IEEE 1547

TE—R

ov2 120% Vnom

0.16 s

IEEE 1547

TE—HK

uvi 88% Vnom

20s

IEEE 1547

RE—H

uvz 70% Vnom

0.16 s

IEEE 1547

REZHK

OF1 60.5 Hz

0.16s

IEEE 1547

5 —R

UF1 59.3 Hz

0.16s

IEEE 1547

R—4%

ROCOF 1.0 Hz/s

Instant

IEEE 1547

D s

Anti-islanding Active

IEC 62116

PSR
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6.6 SCADA & EMS Point Lists
6.6 SCADA / EMS s=3EiER
6.6.1 PCS Point List

6.6.1 PCS =%

No Signal Type Unit Description H3Zi5ER

1 Active Power Al kW PCS output PCS BIhfmt
2 Reactive Power Al kvar PCS var PCS FIhimH
3 el Al % State of Charge =2h==s

4 SOH Al % Health fRRRE

5 Status DI - Run/Stop/Fault B17/{E 1L/
6 Mode DI - GFM/GFL =R

7 Alarms DI - Alarm Flag =1

6.7 Communication Architecture

6.7 BS54
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6.8 Typical BOM (Bill of Materials)
6.8 HiE! BOM (47#}i5E)

Category Description Fh3Zi5AR
PV Modules Tier-1 Mono —RFRE
PV Inverters 100-150kW FRP R
BESS Cabinet 125kW/261kWh Bz fERE

PCS GFL/GFM PCS (BkI/ERM)

PowerNest PV+BESS controller SehBiEHEs

PowerSync PCS cluster control SEHETlEs

PowerPuls Measurement ENREN

Switchgear RMU/ATS/Breakers BeERIRES

CT/VT Protection/Measurement Bk
Communication Cabinet Switch, Router ‘s
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Chapter 7 — Financial Modeling & IRR Analysis
878 — WUSIRES IRR S

7.1 CREG Tariff Structure and PV +BESS Drivers

7.1 CREG Hfif5ta5 e IEIRaIER

Colombia’ s C&l tariffs are among the highest in Latin America.
EHetLIr TRV Bt RIS R TR =K.

Key economic drivers / EB&FIEIRENEE:

e High marginal energy prices (FFREMN — HARBEEKBREFIER)
® High demand charges (FE#%#E — fERERIEMNEX)

® TOU opportunities (IEBMNE — fEEEERIZE)

® Weak-grid outages (S5FEMISEESNEE — fEREREFEINME)

® Diesel displacement in ZNI (ZNI $SHEARER — JELAEEM IRR &5)
7.2 CAPEX Structure

7.2 CAPEX RE&F4Eia

Typical system: PV 300-800 kWp + BESS 125 kW / 261 kWh

BRVZEHIE : ek 300-800 kWp + 125kW/261kWh fi&&E

Category % of Total FR3Zis e
PV Modules 35-45% FeRABH
PV Inverters 8-12% FERFE RS

BESS Hardware 22-28% HEREZR ST
PCS & controls 6-10% PCS + =28
BOS materials 8-12% ERREME

Installation 5-8% TELZ%E

Engineering 2-4% Trgit
Commissioning 1-2% &
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7.3 OPEX Breakdown
7.3 OPEX RE&4514
OPEX IiH FERSF 588
PV O&M 1-1.5% of PV CAPEX FeAEE
BESS O&M 2-3% of BESS CAPEX fEREBYE
Cloud & communication EEsEEZEA =RSEEE
Battery augmentation % 7-10 & EEithl /iR

7.4 Revenue Streams for PV+BESS

7.4 FAERNERSRIR

(1) PV Self-consumption / }ABEZBBHE

Savings: $0.12-0.22 USD/kWh / T5&8%: $0.12-0.22 USD/kWh

(2) Demand Charge Reduction/ gl

C&l demand charges = 20-40% of total bill / EE#HEE HEWREE 20-40%
(3) TOU Arbitrage / $EIEF

Peak—off-peak spread: $0.05-0.09 USD/kWh / IE&Z1: $0.05-0.09 USD/kWh
(4) Backup Value / &Z{fi{E

Weak-grid (X{EESHERRIERS) — BESS (MiERH)

(5) Diesel Offset in ZNI / ZNI %&HE{L
Diesel cost: $0.28-0.40 USD/kWh
Hybrid Microgrid — reduce 50-80% fuel cost.

7.5 Baseline IRR Model Example
7.5 Eiff IRR {HBURE]
System: PV 500 kWp + BESS 125kW/261kWh

Region: Bogota (Enel)
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10-year financial results / +EMSER:

= #iE
FEERER 13.6-15.2 FETT
10 & NPV 54-62 FETT
IRR 13-18%
Payback 45-6.0 &
7.6 IRR by Scenario
7.6 EiH=MY IRR EE
n= IRR EE L]
F2EEBM (Enel/EPM/Celsia) 12-18% SER + Bl ES
33EM (Air-e/Afinia) 14-22% PQ + {ZEEEHENMEES
ZNI B 20-35% OB IRE
7.7 Sensitivity Analysis
7.7 YRS
Battery CAPEX Sensitivity /Bt pE 2B
BESS CAPEX ¥fg IRR ZEfk
+10% -1.2%
-10% +1.5%
-20% +2.8%
Tariff Sensitivity / BB BIREE
HfEL IRR Y
+10% +1.8%
-10% -1.6%
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7.8 Business Models

7.8 IR

(1) EPC Turnkey (E&i&E)

WE—IRHEERM CAPEX,

(2) EaaS (Energy-as-a-Service) gEiRIRSSIEI
7 CAPEX; ZBf1%, E555EMNER.

(3) PPA / Opex fHSHRI

B=HRE, GFEE 10-15 &F,

(4) Hybrid Microgrid-as-a-Service (ZNI)

KF/NGO &1FIB, ERTRIEHX.

7.9 Summary
7.9 NG

Colombia provides one of the strongest financial cases for C&l PV+BESS in Latin America. IRR

is attractive across all regions, especially in weak-grid and ZNI markets.

EMELLI BRI T EEE s It RENmnZ —, TICTRERM. BEMER ZNI 75, IRR #+

2|

=
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Chapter 8 — Implementation Roadmap & EPC Workflow
% 8 E — IMAXMR%ES EPC JHE

8.1 Project Lifecycle Overview

8.1 B %A FHACES

A Colombia C&I PV+BESS project follows a 10-stage, end-to-end lifecycle, from initial survey
to long-term operations. Each stage aligns with international EPC standards and local utility

requirements (Enel, EPM, Celsia, Air-e, Afinia).

EMCLEI TRl eE IR EIBE 10 SRBEMEH, BESNNZEEIKBIZENEERE, FEER
EPC tnERAIBEEATIER (Enel. EPM, Celsia, Air-e. Afinia),
Full Project Lifecycle (10 Steps) / IE24EAEFHA (10 &)
1. Site Survey & Load Study / BUZEIE SHEHAR
Feasibility & ROl Analysis / BT SRERIRNE
Preliminary Engineering (PE) / ¥J41&it+ (PE)
Permitting & RETIE/CREG Filings / A5 RETIE/CREG #&ilt
Detailed Engineering (DE) / HETE&it (DE)
Procurement & FAT / RS 5aU (FAT)
Construction & Installation / ET 5%%
Commissioning & SAT / V&I STUALIK (SAT)
Utility Interconnection / EZEBAEIFF
10. O&M & Digital Monitoring (EnergyOrbit) / iz#5#={ti4#s (EnergyOrbit)

L © N o Uu M W DN

8.2 Phase 1: Site Survey & Load Study
8.2 fifr—: IMARIESARHRER
Goal:

Collect all technical inputs needed for engineering, financial modeling, and interconnection
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design
Bix: SRETRERT. USUE. ARNSEARNSEREE.
Outputs / 3Z{34:
® Load profile (15/5/1-min resolution) / fafg#iizk (15/5/1 %h)
® Transformer details & capacity / ZERSHERE
® Feeder voltage fluctuation / 1HBE&HEKE)
® Roof/ground structure / ETR/HEEHIETE

® CREG tariff structure / CREG EE\&5H4

8.3 Phase 2: Feasibility & ROl Analysis
8.3 MER—: AI{TIEARS IRR ME

This phase quantifies the economic viability of PV+BESS using local tariffs, load patterns, and

CAPEX/OPEX assumptions.
IZMNERET bR, fafafig’S CAPEX/OPEX, FZRINEAFIHNE.

Outputs / 3Z{3#:

® Technical feasibility report / ¥ AREIFHRS

® Financial model (IRR, NPV, Payback) / W#53#&8) (IRR, NPV, [E|UHA)
® Recommended PV+BESS sizing / #EEEREHZE

8.4 Phase 3: Preliminary Engineering (PE)
8.4 ME=: MIF IRt (PE)

PE defines engineering fundamentals such as system architecture, SLD, PV/BESS sizing, and

interconnection scheme.
IEMEBRER AL, PLE. NMEFESHNAGE.
Outputs / 3Zf3¥0:
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® Preliminary SLD / ¥ 8£E

® System layout / R&H/E

® Protection concept / {FIF/5ZEHELR
® Preliminary BOM / #J4 BOM

8.5 Phase 4: Permitting & RETIE/CREG Filings
8.5 MEM: RIS RETIE/CREG it

All Colombian PV+BESS projects require RETIE compliance and CREG filings. Utilities conduct

additional review depending on region.
OB YEIMBER/HE RETIE R CREG FHMiR#l, SEBEATDSBIEEHEME.

Outputs / 3Z{343:

® RETIE compliance package / RETIE &34

® CREG interconnection filing / CREG FHERiE

® Utility-specific documents (Enel/EPM %) / BECEENEIRENHE
® Environmental/municipal permits / FE/AMEIFR]

8.6 Phase 5: Detailed Engineering (DE)
8.6 BiERA: METELRIT (DE)

DE produces all drawings needed for construction and utility approval.
BT ERRI M ERE AT E e T SH MR ARSI .

Outputs / 3Zf3¥0:

® Detailed SLD / 5ZEEThREBLE

® Cable schedule & routing / EB45iEH SELLE

® Earthing & lightning protection / b SEFEIRT

® SCADA/EMS communication design / SCADA/EMS &{SZ844
® Protection relay setting sheet / Z=&{FIPE/EE

® Final BOM / &# BOM
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8.7 Phase 6 — Procurement & FAT

8.7 MERIN

KWSTII UL (FAT)

Procurement is executed in parallel with DE to minimize project duration. FAT ensures all

equipment meets the required specifications.

KU SETERITAIFTIHT, FAT BIERREHERERAEXK,

FAT Tests / FAT ;illizt :

PCS function test / PCS Thggilizt

Battery module test / Egjth#&4E,

Communication test (Modbus/IEC104) / i&({Ei®, (Modbus/IEC104)
Zero-export test / FFMAE

GFM grid-forming test / GFM BRI,

8.8 Phase 7: Construction & Installation
8.8 MEt: ISR

EPC construction covers mechanical mounting, electrical works, cabling, switchgear

installation, and integration with existing infrastructure.

BT BEEERE. BSEIR. FRERERSMERAES.

Tasks / {£53:

PV installation (rooftop/ground) / Y¢AZEE (BI/ithmE)
BESS installation / f#REZ%E

AC/DC cabling / AC/DC FB4iEIS

Switchgear installation / FF&tEgst

IT/communication deployment / BISRHAHE
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8.9 Phase 8: Commissioning & SAT

8.9 FE/\: RiXSIMIBIUNT (SAT)

SAT validates the system’ s performance, protection, and communication.
SAT AT RIERZMEE. RIPRIBSIBISINGE,

SAT Checklist / SAT &&i&

® PCS charge/discharge test / PCS FEREELE

® PowerNest control test / PowerNest iZHIB4ENIK

® PowerSync cluster operation / PowerSync SEEEENIH
® Zero-export test / Z A

® Anti-islanding test / IS {FFML

® GFM stabilization test / GFM FRERZMIR

8.10 Phase 9: Utility Interconnection

8.10 FiEh: EcEBAEIFHN

All utilities require SAT documentation before granting final interconnection approval.
PR A TIIESR SAT SUHERFRRES M,

Outputs / 3{3#):

® Relay test record / APk

®  As-built SLD / T hrEa£E

® RETIE declaration / RETIE &#l=HH

® Commissioning report / JEIRIRES

8.11 Phase 10: O&M & Digital Monitoring (EnergyOrbit)
8.11 MER+: B SHFHIIE (EnergyOrbit)

EnergyOrbit provides 24/7 remote monitoring, predictive maintenance, and automated

reporting for all sites.
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EnergyOrbit
R 24/7 e, UM EHERBIRERINEE,
Core O&M Functions / #ZUiE4ETIEE:
® Real-time PV/BESS monitoring / J¢{R/fBRESCRT IS
® SOC/SOH tracking / SOC/SOH Bz
® Event/alarm management / SZ5E4EE
® Performance KPI dashboard / 1488 KPI {5
® Carbon reporting / BHERURZ

® Predictive maintenance / T E4E

8.12 Implementation Timeline

8.12 IEErERIEA

Typical project duration: 6-9 months / BIBIGEEH: 6-9 8B

Phase Duration ==3vgi-l):]

Survey + Feasibility 2—4 weeks HE + T
PE Design 2-3 weeks ng
Permitting 1-2 months paxcl|
Detailed Engineering 3-5 weeks MEILE

Procurement & FAT 1-2 months XMy + FAT
Construction 1-2 months T

SAT + Interconnection 2-4 weeks i + HX

8.13 Summary
8.13 &

This chapter provides a complete, EPC-ready roadmap enabling smooth deployment of
PV+BESS systems across Colombia. It aligns with RETIE/CREG regulations and utility

interconnection practices, ensuring predictable project execution.

AERETUEEAT EPC LiERISTEKRAE, 5 RETIE/CREG AENRECHEABIRESTEXTE,
R E EEHOLLIEIRF &, $REAAZMT,
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Chapter 9 — Risk Assessment & Mitigation Plan
%9 5 — MEHEESERRR

AETERER EPC. R (IFC/IDB). LAREHELLIIECEEAF] (Enel / EPM / Celsia / Air-e /

Afinia) EiERFARINAEXBETESR.

9.1 Overview of Risk Categories

9.1 MIEHHISE

A C&I PV+BESS project in Colombia faces six major categories of risks.
EMELLI TRl yetETn B EEEIGLA T 7S AXBESES) -

® Regulatory & Interconnection Risks jEHISFHMXEE

®  Grid & Technical Risks EBRSHEIARXE

® Construction & EPC Execution Risks #ET5 EPC #4TX&

® Financial & Tariff Risks W55/ XS

® Environmental & Climate Risks FMESSRXIE

® O&M & Lifecycle Risks iz 54 EIHAXEG

9.2 Regulatory & Interconnection Risks

9.2 FHISHMIMPE
Risk 1: Utility Interconnection Delays / K& 1: BB EIFHREIZIER

Mitigation / &f#:
e Standardized RETIE/CREG filing packages / {#ftrf RETIE/CREG RiftS4E

®  Utility-specific SLD / Protection settings / 124t¥t%J Enel/EPM/Celsia/Air-e/Afinia B9EF
SLD S{RiFEE

® Submit documents early during PE phase / TE#i&M EREMRRIIRISE RS

Risk 2: Changes in CREG or Ministry of Energy regulations / K& 2: CREG Ef&EREPEIREE
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Mitigation / &EfF:
® EnergyOrbit includes regulatory update tracking / nergyOrbit =& BEzIREREEREERT

® Flexible EMS algorithms allow operational adjustments / EMS BJ{RIEJFEESREE R XIS HRANY

Risk 3: Zero-export compliance violations / K& 3: SFEHRRITATIESEAEM
Mitigation / &f#:

® PowerPuls 1-10ms high-speed sensing / PowerPuls Z#4 &

® PowerNest fast-loop zero-export (<100ms) / PowerNest {RERAAZFEFIEH
® Dual CT/VT verification / CT/VT WNERLE

9.3 Grid & Technical Risks
9.3 EBSEAKE

Risk 4: Weak-grid instability / K& 4: SSEBRIAISE

Mitigation / &f#:

® Use GFM-enabled PCS / 3z GFM g9 PCS

® PowerSync coordinates multi-PCS / 5 PowerSync thEZ4& PCS faEf%
® Enable LVRT/HVRT / SR/ SHEZR#INEE

Risk 5: Voltage dips causing PV trips / Kf& 5: BBEEESEYSARIRM
Mitigation / &%

® PQ sensors + PowerPuls

® Re-tuning inverter ride-through settings

® PowerNest voltage stabilization

Risk 6: Transformer overload / K& 6: TESEiTE
Mitigation / £Efi#:

® PowerHub =#RF R
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® PowerNest PREIChEREIHIIR
® EMS EIHRSHE

Risk 7: Cybersecurity threats / K& 7: MEZRLKE

Mitigation / £Ef#:

® |EC 62443-ready controller design / 1=HIESiHE 1EC 62443 MELLIELR
® Encrypted MQTT / VPN / MQTT fn&aiE4:

® Role-based access control / EMS 43 taRzH

9.4 Construction & EPC Execution Risks

9.4 IS EPC MITME

Risk 8: Permitting delays / KB 8: ThEKEEEBI JHMIER

Mitigation / &Ef#:

Start permitting in parallel with PE; pre-align with authorities / FeI S¥IiRESHER, BEISTE
B ).

Risk 9: Material delays / K& 9: ¥I#MIRFER

Mitigation / &Ef#:

early ordering of long-lead items (PCS, BESS, RMU). / X#2¥5%} (PCS/BESS/RMU) 12T, &%
ERT LR 55

Risk 10: EPC workmanship issues / K& 10: EILBRSEARISE
Mitigation / &EfF:

Use LIVOLTEK-certified EPC partners + mandatory SAT / 5 LIVOLTEK iAiE EPC, HHSERH;
ARERAHRIT SAT Jgil.
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9.5 Financial & Tariff Risks
9.5 #s35EBMXE

Risk 11: Tariff fluctuation under CREG / & 11: CREG H{f}iEE]
Mitigation / &fF:

® IRR buffer > 12% / IRR FigE 212% RE
® EnergyOrbit tariff auto-update / EnergyOrbit EFIEFEBMIER

Risk 12: USD/COP currency risk / XI& 12: SCERXE
Mitigation / &Ef#:

® Partial hedging / BEPERMRE
® USD-indexed PPA contracts / EHEETCIHNEZBLETHESE

Risk 13: Fast battery cost reductions affecting PPA contracts / Kif& 13: HitipkARIETIES
£ PPA {RRME

Mitigation / &Ef#:
® XA 5-7 FJEHA EaaS &R
o RHULAIBREEIRE

9.6 Environmental & Climate Risks

9.6 IMRESURMBL
Risk 14: High temperature degrading battery life / XIf& 14: SiESHEB=R

Mitigation / &Ef#:

® Thermal-controlled BESS / 1&i8%! BESS &%

® SOC/SOH monitoring / SOC/SOH sCRTYETE

Risk 15: Coastal humidity & corrosion / XI& 15: iBE8EEaiEid
Mitigation / &Ef#:

® (5 anti-corrosion enclosure / C5 EBHIEFEIR

® PCB conformal coating / PCB =BalEiR
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9.7 O&M & Lifecycle Risks
9.7 B S LS FEHANE

Risk 16: Insufficient monitoring / K 16: ¥EIERE

Mitigation / &fF:

EnergyOrbit 24/7 monitoring + automated ticketing / EnergyOrbit 24/7 £htlis
%g}‘ﬁo

Risk 17: Battery degradation / KIf& 17: Hih=RH

Mitigation / £Efi#:

® Annual SOH calibration / &4 SOH &
® PowerSync cell-balancing / PowerSync H3i&5151Es

® Optional battery augmentation / B3t SH#!

Risk 18: Spare parts availability / KIf& 18: FHEARRE

Mitigation / £Efi#:

® Bogota/Medellin spare parts hub / &K / ZEM B2 &EF0

® Local service partners / B AMYIRSBIAZR

9.8 Risk Matrix Summary

9.8 MBSIERFRLS

73
T

+ BEITH

ke S feE At 1588
ER & F & 58 B E R AR
R = (Ei8) i GFM/PQ AR BERFEXG
EPC ik -38 G EK AR
M55 & & NIRRT
NS -5 ] iz + B R RE
HE & 58 st A AT
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9.9 Summary
9.9 IhE

LIVOLTEK" s digital ecosystem significantly reduces all six major risk categories through
real-time measurement (PowerPuls), integrated control (PowerNest), PCS coordination

(PowerSync), EMS optimization (PowerHive), and cloud intelligence (EnergyOrbit).

1B PowerPuls ZfPEM. PowerNest —{&{¢izl. PowerSync PCS ##f&. PowerHive HEX
EMS % EnergyOrbit =mEREFEE, 7~AEXIEIIT BEREE.

The combined effect enables stable, predictable, bankable PV+BESS projects throughout

Colombia.

BIRSRBRIEMB S ESREE. It SAIRIE .
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Chapter 10 — Appendices (Technical Annex)
% 10 & — MIF (BARMHE)

10.1 Technical Datasheet Summaries

10.1 FEARMEHBEE
10.1.1 BESS Cabinet (125 kW / 261 kWh) — Datasheet

10.1.1 #ExXfikgE (125kW / 261kWh) —— EARME

Electrical (BSZ#0)

® Rated Power: 125 kW (Ih=: 125 kW)

® Rated Energy: 261 kWh (B&: 261 kWh)

® \oltage: 400V / 480V AC (igiHEB/E: 400V / 480V)
® PCS Mode: GFL + GFM (PCS #=: GFL + GFM)
® THD < 3% (&% THD < 3%)

® Response < 20 ms (TARAFE < 20 ms)

10.1.2 PowerNest — PV +BESS Integrated Controller

10.1.2 PowerNest — YgfiE—{d{bi=hse

Features / 4514%:

® Zero Export (<100 ms) / Fj¥ifiEs <100ms

® [slanding <10 ms / FERLJHE <10ms

® PV-BESS coordinated control / Y¢t&thiEisl

® Peak shaving / TOU optimization / & / B3

10.1.3 PowerSync — PCS Cluster Controller
10.1.3 PowerSync —— PCS tEg¥isthze

Features / §35i{4:
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® Multi-PCS sync/ £ PCS thE
® GFM forming / B (GFM)

® Ramp-rate control / [EiF=ZRzH
® Black-start / BE5h

10.1.4 PowerPuls — High-speed Measurement Module
10.1.4 PowerPuls — ZEFREIESE

Features / §§it:

® 1-10 ms sampling / ZEFPEHKFHE

® Reverse power detection / JEIHE=ET
® PQsensing /PQ &l

® Feeder monitoring / f&Z ¥

10.1.5 PowerHive & EnergyOrbit
10.1.5 PowerHive 5 EnergyOrbit

Features / §5i{4:
® Park-level EMS / EX EMS

[l v

® (Cloud-based fleet monitoring / =imEERFIEIE
® Carbon accounting / FRHEETE

® Predictive O&M / T4

10.2 Standard SLDs

10.2 #RfERLEE

10.2.1 SLD Type A — Stable Grid
10.2.2 SLD Type B — Weak Grid (GFM)

10.2.3 SLD Type C — Off-grid Hybrid Microgrid
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10.3 Protection Setting Template
10.3 HRFPEBIER
RIPThEE EE 0135 Lo FR3Zi5iAR
oV1 110% Vnom 20s |EEE 1547 BE—%
uv2 70% Vnom 0.16 s |EEE 1547 REZHK
OF1 60.5 Hz 0.16 s |EEE 1547 SRR
UF1 59.3 Hz 0.16 s |EEE 1547 T4
ROCOF 1.0 Hz/s Instant |EEE 1547 SRR
Anti-Islanding Active - IEC 62116 MBFEP

10.4 SCADA / EMS Point List Templates

10.4 SCADA / EMS =%&i&EiR

PCS =& (Ffl)

No Signal Type Description H3Zi5EA
1 Active Power Al PCS output BINThER
2 Reactive Power Al PCS VAR FoINIH=R
3 SoC Al Battery SOC it &
4 SOH Al Battery SOH EEI R E
5 Mode DI GFM/GFL S
6 Alarm DI Fault alarm =S

10.5 Communication Architecture Diagram

10.5 BE5EM

10.6 Typical BOM (Bill of Materials)

10.6 BHBEIYDHLEER

%31 ik
SEREMH Tier-1 BERLAM
FRF RS 100-150 kW
ERER S 125kW/261kWh 1E3{; 5SMWh 53645
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PCS 2% GFM/GFL
PowerNest pavil: sl
PowerSync PCS £R#izHles
PowerPuls ERRENER
Switchgear RMU. ATS., AC Fx

CT/VT THE/RFEREE
BERE Switch, Router

10.7 SAT & Commissioning Checklists
10.7 SAT & ifisti’

BESS SAT

o  FEARERMIK

e PCS IngElik
e BMS EFWIE
o MUK

o M (GFM) Mz
o RIERFNK
PV SAT

o iR

o NI

e MPPT iz

o FTEEBEE

10.8 O&M Templates

10.8 i=HEISIR
BESSIRE (RE)
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o aE KPI
o IxHHRE
WIEHEE SRR (61)
I F&A fERIGHE
HRELREE S| Sl
EREARFEEE PCS #ifE BE/ME
SCAN e N CT ¥R R CT s
10.9 Compliance Matrix
10.9 SHRIHEXERE
e RAER 588
RETIE FoEE, E345. 2 EMOLL T 43
CREG FRIFRAE BEREX
IEC 62116 b0 Toal] ERF PCS
IEC 61000 EBHFRE EMC Ek
IEEE 1547 FH RS PCS #HM{TH
IEC 62443 WERE 1= HIBS/EMS
10.10 Deliverable Package List
10.10 REBT(INIEB
BARXE:
® SLD (3 PhRA)
e [ETE (DE £E)
® Datasheets (FTEIRE)
o (RIFEEE
o ik
o BEEE
e BOM (IF4HhR)
B
® RETIE &
Confidential — LIVOLTEK | HEXING Group 55/70




LIVOLTEK | HEXING Group Ll vo LTE'(

Technical White Paper MEMBER OF @ HEXING

e CREG FHMHIE

o FEBATTARMIUS
EPC 3Z{4:

o SAT AEiiRE

e QA/QC &

® As-built I8TE

o ZHFAR
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Conclusion

&iE

This document is designed to be a complete, end-to-end framework for deploying C&I
PV+BESS solutions across Colombia. It integrates market insights, regulatory understanding,
engineering best practices, technical architecture, digital ecosystem capabilities, financial

modeling, EPC workflow, and risk mitigation.
A EEAEHOHI TRl eiEr e thiR M — R B —IAMUIA R, RSN, iZEE. T2
RIEXE. HFRRES. USNUE. EPC FUTSRIGHIESSERXEIRT,

With LIVOLTEK" s full-stack capabilities—PowerPuls, PowerNest, PowerSync, PowerHub,
PowerHive, EnergyOrbit, and world-class BESS products—customers and EPC partners gain a
comprehensive pathway to build reliable, scalable, future-proof distributed energy infrastructure in

Colombia.

3T LIVOLTEK £#%8EH (PowerPuls, PowerNest, PowerSync. PowerHub, PowerHive,
EnergyOrbit LIRSRISEMERE M), BFS EPC AIEEHethIMES B aSE. Al B, R

PITRERARS.

This is not just a product offering—it is a complete ecosystem.

XAMYE—Em, BER—EEESHAR.
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