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Screening — Three Design Dimensions answer first: is a long-life IoT platform the right fit, and which parts apply?

cc-D1 cc-D2 cc-03

Available Energy Lifetime Impact

Ambient source(s); single- or multi-source Required lifetime; maintenance-free target

Application Value

Functionality & value under energy limits

TIER 2 Co-Design Concerns 8 concern groups, each linked o the others it constrains

Part A - Six Solution Components (co-design core)

CC-ES-1-3 CC-ST-1-2 CC-PM-1-4
Energy Source Energy Storage Power Management (MPM)

CC-SW-1-4. CC-DC-1-3 GC-Al-1-6
Sensing Workload Duty Cycle Algorithms & Intelligence

Part B - System-level — cut across all six
CC-NW-1-7 CC-TW-1-10
Network & Communications Trustworthiness, Compliance & Sustainability

TIER 3 Decision Guidance & Outcome Evaluation select components, then evaluate the result
Part A select Building Blocks & Standards (ATEX / MDR / EU Al Act) - apply UC lessons
CC-0E-1 CC-OE-2 CC-OE-3
Energy Harvested Battery-Lifetime Impact Application Benefits

from what ambient source autonomy / maintenance cut functionality retained / gained
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LoLiPoP-loT Long-Life IoT Systems - Concerns
Catalogue

A Three-Tier Co-Design Guide for Greenfield Projects

Version 0.41
Companion document to the LoLiPoP-loT Reference Architecture White Paper (Version 0.95)
Based on ISO/IEC 30141:2024 - IoT Reference Architecture

Primary sources: deliverables D8.6, D7.6/D7.7, D2.7/D2.8, and the LoLiPoP-loT Project-Level
Requirements with Gemma 3:12b (local model) used for synthesis and summaries.

The Concerns Catalogue formalises the design experience of the LoLiPoP-loT project into a
reusable guidance instrument for new organisations starting a greenfield long-life loT
project. Good architecture answers what to build. The Concerns Catalogue answers what to
ask before you build.

The catalogue’s content traces back through three levels of the LoLiPoP-loT requirements
hierarchy. At the base are ten use-case-specific requirements sets, each elicited from project
partners working on a use case spanning three application domains (Asset Tracking,
Condition Monitoring, Building Energy Efficiency & Comfort). These were captured using a
structured pre-elicitation questionnaire that posed focused questions about sensing needs,
energy source availability, communication constraints, physical environment, and data
security. From the use-case-specific requirements, twenty project-level requirements (REQ-
PRJ-001 to REQ-PRJ-020) were distilled that recurred across multiple use cases with
sufficient consistency to be considered generally applicable. The Concerns Catalogue is the
third level: it translates both the questionnaire and the project-level requirements - together
with the cross-use-case patterns and evaluation framework documented in D8.6 - into a
structured, reusable guidance instrument.

1.1 The Co-Design Principle

The LoLiPoP-loT project demonstrated a central finding (D8.6, Executive Summary and
Section IV; the six variables map to the RA building-block families of D2.7/D2.8): despite the
diversity of ten use cases across three application domains, every UC-specific solution is
composed of the same six interdependent design variables - the energy source, energy
storage, micro-power management, sensing workload, duty-cycle strategy, and
algorithms/Al. Energy autonomy does not come from optimising any one of these in
isolation. It emerges only when all six are co-optimised as a system, matched to the
application.

D8.6-M36 LoLiPoP-loT - confidential 31.05.2025
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TIER 1 Screening — Three Design Dimensions answer first: is a long-life loT platform the right fit, and which parts apply?

€c-D1 cc-D2
Available Energy Lifetime Impact
Ambient source(s); single- or multi-source Required lifetime; maintenance-free target

cc-p3
Application Value

Functionality & value under energy limits

TIER 2 Co-Design Concerns 8 concern groups, each linked to the others it constrains

Part A - Six Solution Components (co-design core)

CC-ES-1-3 CC-ST-1-2 CC-PM-1-4
Energy Source Energy Storage Power Management (MPM)
CC-SW-1-4 cc-De-1-3 CC-Al-1-6
Sensing Workload Duty Cycle Algorithms & Intelligence
Part B - System-level — cut all six

CC-NW-1-7 CC-TW-1-10
Network & Communications Trustworthiness, Compliance & Sustainability

TIER 3 Decision Guidance & Outcome Evaluation select components, then evaluate the result
Part A select Building Blocks & Standards (ATEX / MDR / EU Al Act) - apply UC lessons

CC-OE-1 CC-OE-2 CC-OE-3
Energy Harvested Battery-Lifetime Impact Application Benefits

from what ambient source autonomy / maintenance cut functionality retained / gained

This co-design principle shapes the entire catalogue. Tier 1 screens the project against three
design dimensions drawn from the way D8.6 reports every use-case outcome (Table IlI) and
states the project objectives (Table I). Tier 2 structures concerns around the six solution
components, with explicit co-design dependencies linking every concern to those in other
groups that constrain it. Tier 3 guides component selection and evaluates the outcome against
the three evaluation layers that form the column structure of D8.6 Table .

How to use this document

This catalogue guides a new (greenfield) project from initial scoping through to
component selection and outcome evaluation within the LoLiPoP-loT Reference
Architecture framework. It is structured in three tiers:

e Tier1- Screening: Three Design Dimensions. Answer these first. They screen your
project against the three dimensions that every long-life 10T solution must address:
available energy, lifetime impact, and application value. The answers determine
which parts of Tier 2 apply and set the targets that Tier 3 will evaluate against.

e Tier 2 - Co-Design Concerns. Structured around the six solution components
identified by D8.6 as the common design pattern across all LoLiPoP-loT use cases,
plus system-level concerns. Each concern is a question that must be answered before
the relevant Architecture Building Block (ABB) can be specified and a Solution
Building Block (SBB) selected. Co-design dependencies between concerns are explicit
- they are mandatory cross-checks, not optional references.

e Tier 3 - Decision Guidance & Outcome Evaluation. Part A guides ABB/SBB selection
using the Building Block catalogue, standards, and project lessons. Part B evaluates
the proposed (or deployed) solution against the three D8.6 outcome layers, closing
the loop with Tier 1.

Relationship to ISO/IEC 30141:2024: This catalogue specialises the Construction
Viewpoint of ISO/IEC 30141:2024 for long-life, energy-constrained loT systems.
Completing it for a specific system produces the inputs needed to populate a VP-
01/VP-02 architecture diagram and to select ABBs from the LoLiPoP-loT Building
Block catalogue.

D8.6-M36 LoLiPoP-loT - confidential 31.05.2025
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1. Tier 1 - Screening: Three Design Dimensions

D8.6 demonstrated that every long-life loT solution is reported against three overarching
outcome dimensions in D8.6 Table Il (energy harvested, battery-life impact, application
benefit), corresponding to the three project objectives of D8.6 Table I. Before any
component work begins, screen your project against all three. The answers shape which Tier
2 groups are in scope and set the targets that Tier 3 Part B (Outcome Evaluation) will
measure against.

1.2 CC-D1 - Available Energy

Is ambient energy harvesting feasible for this deployment, and from what sources?

This dimension determines whether the power platform will be based on energy harvesting,
primary battery only, or a hybrid. It is the first question because the answer governs the scope
of the entire Tier 2 co-design: if no ambient energy is available, three of the six solution
component groups (ES, ST, PM) reduce to battery selection only.

# Question Your answer Implication
CC- Isthere any ambient If no ambient source is
D1. energy source (light, confirmed: energy harvesting is
1 vibration/mechanical, not feasible. The design
thermal gradient, or RF reduces to primary-cell battery
field) available at or near with ultra-low-power design, or
the sensor deployment RFID-powered operation if an
location? RF reader is present. Skip Tier 2
group ES except for CC-ES-1
(document the absence).
CC- Could multiple ambient If yes: hybrid harvesting may
D1. energy sources be significantly improve energy
2 combined (multi-source availability and resilience. The
EH) at this deployment PM group must address multi-
location? input PMIC design. See D8.6
(Abstract and Table II - multi-
source EH): several UCs
combine PV+RF, TEG+VEH, or
TEG+PV.
CC- Isthe physical size of the If yes: size constraints limit
D1. sensor node constrained transducer area (and therefore
3 (e.g., must fit within an harvested power), storage
existing housing, bearing, capacity, and PCB area. Capture
or asset tag form factor)? dimensions in CC-ES-3.
D8.6-M36 LoLiPoP-loT - confidential 31.05.2025
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# Question Your answer Implication

CC- Isthe deployment If yes: environmental rating

D1. environment harsh (high requirements will constrain

4 temperature, high transducer and storage
humidity, high vibration, selection. IP/ATEX/IECEx
chemical exposure, or certification may be mandatory
washdown)? (see CC-TW-3).

CC- Is wired power supply to If yes: the power platform

D1. all sensor locations reduces to power conditioning

5 feasible? only. Skip Tier 2 groups ES and

ST. Proceed directly to PM
(voltage conversion), SW, DC,
and Al.

D8.6 project finding - Application-matched energy harvesting

No single energy source fits every use case. The LoLiPoP-loT project validated this
across nine active use cases: indoor photovoltaic harvesting powers asset tracking
tags and building sensors (UC1, UC4, UC8, UC10); thermoelectric generators
exploit thermal gradients in industrial monitoring (UC5, UC7, UC8); vibration and
variable-reluctance harvesters suit rotating machinery and vehicles (UC6, UC7,
UC9). Several use cases combine multiple sources - UC7 uses TEG + VEH, UC8 uses
TEG + indoor PV, UC1 uses PV + RF wireless power transfer. When answering CC-
D1.1-CC-D1.2, consider all ambient sources present at the deployment location.
The optimal solution may be hybrid, and the energy source must be selected based
on the deployment context and duty-cycle requirement.

1.3 CC-D2 - Lifetime Impact

What operational lifetime is required, and does this deployment justify long-life loT platform
technology?

This
and

dimension determines whether the maintenance bottleneck is real for your deployment
what level of lifetime extension you are targeting. D8.6 showed a wide spectrum of

achievable outcomes - the target level shapes the stringency of every Tier 2 design decision.

# Question Your answer Implication

CC- Whatis the required Directly determines the

D2. operational lifetime of required balance between

1 the sensor node without harvested energy, stored
scheduled battery energy, and power
replacement or manual consumption. A 10-year target
energy resupply? demands fundamentally

different design choices from a
2-year target. Consider both
the operational use-case
lifetime and the maintenance

D8.6-M36 LoLiPoP-loT - confidential 31.05.2025
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# Question Your answer Implication
policy - use the more stringent
value.
CC- Isthe total number of If no (small deployment):
D2. sensor nodes large energy harvesting complexity
2 enough that the may not be cost-justified.
cumulative cost of Reassess whether the D8.6
battery replacement is a approach is the right fit.
significant operational
concern?
CC- Are sensor nodes If no: maintenance access is
D2. physically difficult to easy and battery replacement
3 access for maintenance cost may be acceptable. Long-
(e.g., embedded in life platform still provides
rotating machinery, sustainability and reliability
mounted at height, in value but is not operationally
restricted-access or critical.
hazardous areas,
distributed across a large
facility)?
CC- What level of lifetime O Battery life Determines how aggressively
D2. impactare you extension (2-3x) OJ the energy budget must be
4 targeting? (Select one) Multi-year managed. Extension requires
maintenance-free (>5 Cconservative design; autonomy
yrs) O Full energy requires that harvested energy
autonomy exceeds consumption in all
(perpetual, outlasts operating conditions, including
the application) worst-case.
D8.6 project finding - Lifetime enhancement spectrum
The project demonstrated outcomes across a wide spectrum. At the modest end,
tracker devices achieve 2—-3x lifetime extension (UC2). Mid-range: PV-assisted
aviation trackers operate for approximately one year, up from one month without
EH (UC4). At the ambitious end: UC5 and UCS8 target over ten years of reliable
operation, and UC6 achieves 15-20 year autonomy - effectively outlasting the
vehicle it monitors. Not every use case needs perpetual autonomy, but every use
case benefits from moving the battery-replacement burden from months to years.
Use CC-D2.4 to identify where on this spectrum your deployment sits.
Calibration benchmarks from D8.6: The LoLiPoP-IoT project set the following
validated targets: module lifetime >5 years; battery use reduction >80%; average
power budget <100 uW (low-activity mode) and <500 uW (high-activity mode).
Systems significantly exceeding these power budgets are unlikely to achieve multi-
year energy autonomy from ambient harvesting alone.
D8.6-M36 LoLiPoP-loT - confidential 31.05.2025
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1.4 CC-D3 - Application Value

What functionality must the system deliver, and what measurable value must it create - even
under energy constraints?

This dimension is what distinguishes a useful long-life 10T deployment from one that merely
harvests energy. D8.6 demonstrated (Table Il, application-benefit column; Abstract) that
application quality can be retained or enhanced under tight energy budgets - but only when
functionality requirements are explicitly co-designed with the energy budget from the start, not
treated as a separate problem.

# Question Your answer Implication
CC-  Which application O Asset Tracking (AT) Determines which Tier 2 Al sub-
D3. functionality domain [ Condition concerns (CC-Al-3) are in scope.
1 applies? (Select one or Monitoring (CM) I If “Other”: review the full BB
more) Building Energy catalogue to identify the most
Efficiency & Comfort ~ "elevant ABBs.
(BEEC) [ Other
CC-  Which service category O Tracking - active Service category determines
D3. best describes the localisation, latency requirements (CC-NW-
2 primary system output?  geofencing, 3), duty-cycle constraints (CC-
(Select one or more) telemetry OJ DC-1), and whether actuation
Diagnostics - process Power must be included in the
monitoring, anomaly ~ energy budget (CC-PM-1).
detection, predictive  These categories follow the
maintenance OJ three D8.6 functionalities
Control - closed-loop (AT/CM/BEEC), with the control
actuation (radiator and retrofit-sensing distinctions
valves, lighting, evidenced in the D7.7
HVAC) [ Retrofit deployments (UC8 closed-loop
Sensing - passive actuation; UC9 retrofit BLE
monitoring with reporting).
BLE/LoRa reporting,
no actuation
CC- Does the application If yes: latency requirements
D3. require real-time or must be carefully managed
3 near-real-time response alongside the energy budget.
(e.g., alarm within High communication frequency
seconds of a threshold increases energy consumption.
being exceeded)? See CC-DC-1 and CC-NW-3.
CC- Is graceful degradation of If yes: the duty-cycle strategy

(CC-DC-2, CC-DC-3) must define
specific degradation modes and
the conditions that trigger
them. If no: the energy budget
must be sized for continuous

D3. application functionality

4 acceptable when energy
is scarce (e.g., reduced
sensing frequency, lower
localisation accuracy,

D8.6-M36 31.05.2025
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# Question Your answer Implication
batch-mode instead of full-functionality operation -
real-time reporting)? significantly more demanding.
CC- Isremote monitoring and If yes: the full VP-01
D3. cloud connectivity deployment topology (Sensors
5 required? - Edge - Networking -
Cloud) is in scope. If no: a
standalone or local-network
solution may suffice.
CC- What measurable value Examples from D8.6: %
D3. mustthe deployment inventory reduction, % energy
6 deliver? State specific, saving, maintenance cost

Service category

quantifiable targets.

reduction (€/year), failure rate

reduction (%), search time
reduction (%), battery waste
reduction (%). These become
the acceptance criteria for Tier
3 Part B (Outcome Evaluation,
layer CC-OE-3).

D8.6 project finding - Service under tight energy budgets

D8.6 demonstrated that application quality is retained or enhanced even under
tight energy budgets - these are functional systems doing real work on harvested
energy:

D8.6 examples

Tracking

Diagnostics

Control

Retrofit sensing

D8.6-M36

UC1: active UWB localisation (not just passive RFID) on harvested
PV+RF energy; UC4: GNSS telemetry + geofencing + condition alerts
on PV-assisted primary battery

UC5: Al/ML-based vibration and thermal anomaly detection on TEG
power; UC6: rotating-vibration sensing + unsupervised learning
fault detection on variable-reluctance EH; UC7: ML fault signature
detection on ULP-MCU with TEG+VEH

UCS8: radiator valve actuation using TEG + indoor PV; UC10:
occupancy-aware lighting and comfort control on indoor PV

UC9: BLE fuel reporting with inclination compensation for irregular
tanks on VEH

The key was that functionality requirements were co-designed with the energy
budget. When answering CC-D3.2-CC-D3.4, be explicit about what the system
must still do when energy is scarce - this directly shapes the duty-cycle strategy
(DC group).

D8.6 project finding - Lifecycle and system-level benefits

LoLiPoP-1oT - confidential 31.05.2025
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Beyond the immediate application function, D8.6 classifies the cross-use-case
benefits into five categories that should be considered when defining value targets

(CC-D3.6):

Benefit category
(D8.6 Section 1V)

Examples

Radical
maintenance
reduction

Extended asset
lifetimes &
reliability

Energy savings &
carbon reduction

Operational
efficiency & cost
savings

Enhanced safety &

quality

Device lifetimes extended from ~1 year to 5-10+ years; large cuts in
technician hours and downtime; fewer site visits, less wiring, fewer
battery replacements

Pervasive condition monitoring keeps equipment in optimal
condition, preventing catastrophic failures; fewer unplanned halts
and less scrap

5-20% efficiency gains in industrial/building systems; battery
reliance reduced by 80—-100% through EH, lowering production and
disposal footprint

20-30% WIP inventory reduction and 30-50% search-time
reduction (UC1); €1M+ annual savings (UC2); €20k/year
maintenance savings (UC5)

Real-time parameter adjustment reduces defects; safety and quality
improvements in CM and BEEC use cases (D8.6 Section V notes
~83% battery-use reduction and alignment with UN SDGs 7, 9, 11,
12, 13)

End of Tier 1. Proceed to Tier 2 after all CC-D1, CC-D2, CC-D3 questions have been answered.

2. Tier 2 - Co-Design Concerns

1.5 The Six Solution Components

D8.6 demonstrated that every UC-specific solution - despite the diversity of energy sources,
protocols, and deployment contexts across the project - is composed of the same six design
variables, drawn from the RA building-block families of D2.7/D2.8 and shown by D8.6 to
require system-level co-design:

1. Energy Source - the ambient EH transducer(s)

2. Energy Storage - battery, supercapacitor, or hybrid
3. Power Management (MPM) - PMIC, voltage conversion, cold-start, adaptive

firmware

Sensing Workload - sensors and their data-acquisition requirements

5. Duty Cycle - the integrated sensing/processing/communication/sleep schedule
6. Algorithms & Al - edge intelligence, ML-based detection, energy-aware scheduling

Energy autonomy emerges only when all six are co-optimised as a system. Part A of this tier
structures concerns around these six components. Each concern includes a Co-design

D8.6-M36
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dependencies field listing the specific concerns in other groups whose answers constrain it
or are constrained by it. These are not optional cross-references - they are mandatory design
couplings that the project learned cannot be ignored. If you change an answer in one group,
verify the linked concerns in every other group.

Part B covers system-level concerns - network infrastructure, trustworthiness, compliance, and
sustainability - that cut across all six components.

1.6 Tier 2 Group Structure

D8.6 Solution

Part Group Name Component VP-02 Mapping

A ES Energy Source Energy Source Power Modules
stratum - EH
transducer

A ST Energy Storage Storage Power Modules
stratum - storage
element

A PM Power Management  MPM Power Modules
stratum - PMIC &
firmware

A SW Sensing Workload Sensing Workload Sensors column (VP-
01); all VP-02 strata

A DC Duty Cycle Duty Cycle Cross-cutting -
scheduling across all
strata

A Al Algorithms & Algorithms & Al Algorithms & Al

Intelligence stratum
B NW Network & (system Communications &
Communications infrastructure) Control stratum
B T™W Trustworthiness, (cross-cutting) All strata and

Compliance &
Sustainability

columns

For each concern, provide a specific, measurable answer where possible. Vague or qualitative

answers (“moderate

LT3 " w

, some’,

good”) should be avoided. Where a precise value is not yet

known, state the acceptable range and identify the source from which the value will be
determined.

3. Part A - The Six Solution Components (Co-Design Core)

D8.6-M36
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1.7 Group ES - Energy Source
What ambient energy is available, and what transducer will harvest it?

Maps to: VP-02 Power Modules stratum - energy harvesting transducer; D8.6 solution
component 1.

111 CC-ES-1 - Ambient Energy Source Characterisation
Field Content
Concern What ambient energy source(s) are available at the deployment

location, at what intensity, and with what temporal profile?

Why it matters Energy source type and intensity determine which harvesting
transducer is feasible. Temporal profile determines whether
storage is required and what storage capacity is needed. This is the
foundational input to the entire co-design.

Inputs needed For each potential source: source type
(light/vibration/thermal/RF/other); typical intensity and units (e.g.,
200 lux, 0.1 g RMS, AT 5°C, -20 dBm); temporal pattern
(continuous, daily schedule, intermittent - with hours per day and
days per week for typical and worst-case conditions); seasonal or
shift-pattern variability.

Guidance Measure rather than estimate if possible. Worst-case energy
availability governs storage sizing and battery backup requirements.
A profile of “200 lux, 8 hours/day Mon—Fri” is far more useful than
“indoor light available.” Consider whether energy availability is
correlated or anti-correlated with sensing duty (e.g., a vibration
harvester on a machine provides no energy when the machine is off
and sensing is not required - this is favourable).

Source REQ-PRJ-007
requirement

Co-design CC-ST-1 (gap duration drives storage sizing); CC-DC-2 (is energy

dependencies correlated with sensing need?); CC-PM-2 (harvester output voltage
determines PMIC input range)

ISO/IEC 30141 Construction Viewpoint - implementation constraint.

mapping

Your answer

D8.6 measured reference data (from Table Il):

ucC EH Source Energy Harvested Deployment context

uci Indoor PV + RF WPT 1.4 (PV over 10.5 Indoor medical manufacturing
hrs, 73%) + 0.5 J (RF,
27%)

D8.6-M36 LoLiPoP-loT - confidential 31.05.2025
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uc EH Source Energy Harvested Deployment context
uca PV + primary battery PV panel provides Aviation ULD, mixed

ucs TEG

uce VREH

uc7 TEG + VEH

ucs TEG + indoor PV

200 pA current indoor/outdoor
budget

mW-level at 10-20°C  Industrial, up to 85°C
AT

Up to 3.3 W at typical
wheel speeds

5-10°C AT; periodic
VEH bursts
Combined TEG + PV

EV smart bearing

Industrial robotic arm

Building TRV on radiator

uce VEH Sufficient for Motorcycle vibration
continuous BLE
output

UC10 Indoor PV Indoor PV from Office building
luminaires

121 CC-ES-2 - Multi-Source Energy Harvesting Feasibility
Field Content
Concern Can multiple ambient energy sources be combined to improve

Why it matters

Inputs needed

Guidance

Co-design
dependencies
ISO/IEC 30141
mapping

Your answer

energy availability or resilience?

D8.6 demonstrated (Abstract; Table Il) that multi-source EH
improves both the total energy harvested and the temporal
coverage (one source may be available when another is not).
However, combining sources adds complexity to the PMIC (CC-PM-
2) and may increase node cost and size.

Which ambient sources are simultaneously or alternately available
at the deployment location? Are they complementary in temporal
profile (e.g., PV during day, TEG from machinery during operating
hours)? Is the PMIC capable of accepting multiple harvester inputs,
or are separate conditioning circuits needed?

D8.6 examples: UC1 combines indoor PV (73% of energy) with RF
WPT (27%); UC7 combines TEG with vibration EH; UC8 combines
TEG with indoor PV. The decision is whether the added energy
justifies the PMIC complexity and cost.

CC-PM-2 (multi-input PMIC required); CC-ES-1 (temporal profiles of
each source); CC-ES-3 (space for multiple transducers)

Construction Viewpoint - component selection.

D8.6-M36
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131 CC-ES-3 - Transducer Form Factor and Placement
Field Content
Concern What are the size, weight, and placement constraints for the energy

harvesting transducer, and can it be external to the node housing?

Why it matters Transducer area directly determines harvested power (a larger PV
cell harvests more; a larger piezo element generates more). Non-
invasive installation (adhesive, clamp-on) reduces coupling
efficiency for vibration harvesters compared with screw-mounted
or embedded options.

Inputs needed Maximum allowable transducer dimensions; whether the
transducer can be external to the node housing (e.g., a remote PV
cell connected by cable); attachment method and its effect on
coupling efficiency; weight constraints for mobile assets.

Source REQ-PRJ-001
requirement

Co-design CC-SW-2 (sensor location constrains transducer placement); CC-SW-

dependencies 4 (non-invasive installation constraints); CC-PM-1 (transducer size
limits harvested power, which limits the power budget)

ISO/IEC 30141 Construction Viewpoint - physical deployment pattern.

mapping

Your answer

1.8 Group ST - Energy Storage
What bridges the gaps when harvesting is unavailable?

Maps to: VP-02 Power Modules stratum - storage element; D8.6 solution component 2; BB4.1
(Energy Storage).

14.1 CC-ST-1 - Storage Type and Capacity
Field Content
Concern Is energy storage required, and if so, what type and capacity?
Why it matters Storage bridges gaps in energy harvesting (nights, weekends,

machine downtime). Storage type (supercapacitor vs. thin-film
battery vs. hybrid) has significant implications for form factor,
lifetime, temperature range, and leakage.

Inputs needed Maximum continuous period without harvesting (hours/days, from
CC-ES-1 temporal profile); minimum energy required to complete
one sensing/transmission cycle (uJ); minimum acceptable state of
charge for reliable operation (%); size and volume constraints for
storage component.

D8.6-M36 LoLiPoP-loT - confidential 31.05.2025
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Content

Guidance

Co-design
dependencies

ISO/IEC 30141
mapping
Your answer

Supercapacitors provide high cycle life and wide temperature range
but have higher self-discharge and lower energy density than
batteries. Thin-film batteries provide higher energy density but may
have limited cycle life and temperature range. Hybrid solutions
combine both. The choice must also consider whether the storage
element can be recharged through the life of the deployment
without physical replacement.

CC-ES-1 (temporal profile determines gap duration); CC-DC-2 (duty
cycle during harvesting gaps); CC-PM-2 (storage voltage determines
PMIC output range); CC-D2.1 (Tier 1: required lifetime determines
total cycle count)

Construction Viewpoint - component selection.

151 CC-ST-2 - Storage Environmental Constraints
Field Content
Concern What environmental stresses must the storage element withstand,

Why it matters

Inputs needed

Co-design
dependencies
ISO/IEC 30141
mapping

Your answer

and are they compatible with the selected storage type?

Supercapacitors and thin-film batteries have different operating
temperature ranges, vibration tolerances, and degradation profiles.
A storage element selected on energy density alone may fail in the
deployment environment.

Operating temperature range (°C min/max); vibration and shock
levels; humidity; whether the storage element is exposed to direct
thermal cycling or is buffered within a housing.

CC-SW-2 (deployment environment characteristics); CC-D1.4 (Tier
1: harsh environment flag)

Construction Viewpoint - component selection; Trustworthiness
Viewpoint - reliability.

1.9 Group PM - Power Management (MPM)
How is harvested and stored energy conditioned and distributed to the node subsystems?

Maps to: VP-02 Power Modules stratum - PMIC and energy-efficiency firmware; D8.6 solution
component 3; BB4.3 (Micro Power Management) and BB4.4 (Energy-Efficiency Firmware).

D8.6-M36 LoLiPoP-loT - confidential 31.05.2025
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1.6.1 CC-PM-1 - Node Power Consumption Budget
Field Content
Concern What is the maximum average power consumption that the node

can sustain given the available energy source and required lifetime?

Why it matters This is the master constraint that all other component choices must
satisfy. It is derived from CC-ES-1, CC-ST-1, and CC-D2.1, and
governs the duty-cycle choices in groups DC and NW.

Inputs needed Available harvested power (LW average, from CC-ES-1 and energy
models); required energy storage buffer (mJ or mAh); maximum
peak current consumption (mA, constrained by storage type and
size); maximum average current consumption (LA); supply voltage

(V).
Source REQ-PRJ-003
requirement
Guidance Use energy harvesting models (BB5.1) and WSN power

consumption models (BB5.3) to derive these values analytically
before hardware is selected. The model must account for all power-
consuming activities: sensing, computation, radio transmit, radio
receive, and idle/sleep. The peak current constraint is often the
most limiting factor when using supercapacitors.

Co-design CC-ES-1 (available power input); CC-ST-1 (storage capacity and peak

dependencies current); CC-DC-1 (duty cycle determines average power); CC-SW-1
(sensor active power); CC-Al-2 (MCU compute power); CC-NW-3
(radio Tx/Rx current)

ISO/IEC 30141 Construction Viewpoint - implementation constraint.

mapping

Your answer

171 CC-PM-2 - PMIC Selection and Cold-Start
Field Content
Concern What PMIC is required to condition power from the harvester(s)

and storage to the node subsystems, and can it cold-start from the
harvesting source alone?

Why it matters The PMIC determines conversion efficiency (directly affecting
usable power), quiescent current (the “floor” of power
consumption even in sleep), and cold-start capability (whether the
node can restart after full energy depletion without external
intervention).

Inputs needed Harvester output voltage range; number of harvester inputs (single
or multi-source, see CC-ES-2); required output voltage(s); efficiency
at typical operating point; maximum quiescent current acceptable;

D8.6-M36 LoLiPoP-loT - confidential 31.05.2025
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LoLiPoP-loT Page: 17

Content

Guidance

Co-design
dependencies
ISO/IEC 30141
mapping

Your answer

cold-start voltage threshold; whether the PMIC must support MPPT
(maximum power point tracking).

For energy-harvesting systems, a harvesting-aware PMIC (e.g., as
used in UC1) that can wake the MCU only when sufficient charge is
available is strongly preferred over a general-purpose PMIC. Cold-
start testing (Tier 3 validation) is the single most revealing
validation step and is frequently omitted until too late.

CC-ES-1 (harvester output voltage); CC-ES-2 (multi-input
requirement); CC-ST-1 (storage voltage and type)

Construction Viewpoint - component selection.

1.8.1 CC-PM-3 - Adaptive Power Management Strateqy
Field Content
Concern What power management strategy will maintain operation within

Why it matters

Inputs needed

Guidance

Co-design
dependencies

ISO/IEC 30141
mapping
Your answer

the energy budget across varying harvesting conditions? Is it fixed-
schedule or adaptive?

A fixed-schedule duty cycle may be adequate when harvesting is
reliable; an adaptive strategy is needed when harvesting is
intermittent or variable. The strategy determines the firmware
architecture and the degree of coupling between the PMIC and the
application processor.

Is the sensing/transmission schedule fixed or adaptive? Under what
conditions should the node adapt its behaviour (e.g., reduce
transmission frequency when state of charge drops below a
threshold)? What is the acceptable data loss during low-energy
periods? Is a bidirectional downlink required for remote
reconfiguration of power management parameters?

Adaptive strategies (BB4.4 Energy Efficiency Firmware + BB3.3
Energy Efficiency Algorithm) provide better long-term availability
but add firmware complexity. Fixed-schedule designs are simpler
but require conservative duty cycles.

CC-DC-2 (energy-aware scheduling is the execution of this strategy);
CC-DC-3 (degradation modes); CC-Al-4 (BB3.3 energy-efficiency
algorithm); CC-D3.4 (Tier 1: is degradation acceptable?)

Functional Viewpoint - functional decomposition; Construction
Viewpoint - design pattern.

D8.6-M36
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1.9.1 CC-PM-4 - Unit Cost Target and BOM Constraints
Field Content
Concern Is there a target unit cost (bill-of-materials cost per deployed node)

that the solution must achieve?

Why it matters Cost constraints can be decisive between otherwise equivalent
component options - particularly between partner-developed
research components and COTS alternatives. Cost-performance
trade-offs are most acute in three areas: PMIC, EH transducer, and
radio module.

Source REQ-PRJ-011
requirement

Inputs needed Maximum BOM cost per node for prototype phase (€/node); target
BOM cost for commercial deployment (€/node); any mandatory
COTS sourcing policy.

Co-design CC-ES-3 (transducer cost); CC-PM-2 (PMIC cost); CC-NW-3 (radio
dependencies module cost)

ISO/IEC 30141 Business Viewpoint - commercial feasibility.

mapping

Your answer

1.10 Group SW - Sensing Workload
What physical quantities are sensed, at what quality, and at what energy cost?

Maps to: VP-01 Sensors column; all VP-02 strata; D8.6 solution component 4 (Sensing
Workload); BB6.3 (Sensors).

1.10.1 CC-SW-1 - Physical Quantities and Sensor Types

Field Content

Concern What physical quantities must the system sense, and what sensor
types are required?

Why it matters Sensor type determines power consumption, accuracy, and
required ADC resolution. Some sensors (e.g., gas sensors, high-
frequency accelerometers) are intrinsically power-hungry and may
not be compatible with the energy budget.

Inputs needed List of physical quantities (temperature, vibration/acceleration,
light level, RFID/UWB tag presence, humidity, CO,, current/voltage,
etc.); required measurement accuracy and resolution; any
mandated sensor types.

Source REQ-PRJ-014
requirement

D8.6-M36 LoLiPoP-loT - confidential 31.05.2025
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Field Content

Guidance For each sensor type, estimate active current consumption and
minimum active time per measurement. Sensors requiring warm-up
periods must account for this in the energy budget.

Co-design CC-PM-1 (sensor power must fit budget); CC-DC-1 (sensing

dependencies
ISO/IEC 30141
mapping

Your answer

frequency x sensor energy = sensing energy cost)

Functional Viewpoint - loT device capabilities.

1.11.1 CC-SW-2 - Sensor Location, Physical Context, and Environmental Robustness
Field Content
Concern Where will each sensor node be physically located, and what

Why it matters

Inputs needed

Co-design
dependencies

ISO/IEC 30141
mapping
Your answer

environmental stresses must it withstand over its operational
lifetime?

Physical location determines energy source availability (CC-ES-1),
communication range and path loss (CC-NW-1), and mechanical
coupling efficiency for vibration harvesting and sensing.
Environmental conditions constrain component selection and may
mandate certifications (CC-TW-3).

Physical location for each node type; distance to nearest gateway;
whether nodes are mobile or fixed; operating temperature range
(°C); humidity range (%RH); IP rating requirement; vibration/shock
levels; chemical exposure; UV exposure.

CC-ES-1 (energy source co-location); CC-ES-3 (transducer

placement); CC-ST-2 (storage environmental limits); CC-NW-1
(range to gateway)

Construction Viewpoint - IoT enterprise system deployment
pattern; Trustworthiness Viewpoint - reliability.

1.12.1 CC-SW-3 - On-Node Data Processing Reqguirements

Field

Content

Concern

Why it matters

Inputs needed

D8.6-M36

What data processing must be performed on the sensor node
itself?

On-node processing increases MCU duty cycle but can dramatically
reduce data volume for transmission - potentially saving more
communication energy than it costs in computation energy.

Does the node need to perform FFT or signal processing on raw
data? Does the node make local decisions (threshold alarms)? Does

LoLiPoP-1oT - confidential 31.05.2025
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Field
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Content

Guidance

Co-design
dependencies
ISO/IEC 30141
mapping

Your answer

the node run a localisation algorithm? MCU clock speed and active
current for intended processing.

For condition monitoring, edge-side feature extraction (RMS, peak,
frequency-band energy) is typically far more energy-efficient than
transmitting raw vibration data.

CC-Al-2 (compute deployment split); CC-DC-1 (processing time in
duty cycle); CC-PM-1 (MCU active current)

Functional Viewpoint - functional decomposition.

1.13.1 CC-SW-4 - Non-Invasive Installation Requirements
Field Content
Concern Must the system be installed without significant structural

Why it matters

Source
requirement

Inputs needed

Guidance

Co-design
dependencies
ISO/IEC 30141
mapping

Your answer

modification to the host building or equipment?

Non-invasive installation is a fundamental deployability constraint
in many target environments: heritage buildings, rented facilities,
production lines, cleanrooms, healthcare settings. It affects
transducer coupling efficiency and node placement flexibility.

REQ-PRJ-019

Is drilling or permanent fixturing prohibited? Weight limits for
adhesive-mounted fixtures? Must the system be entirely wireless
and self-powered? Environmental constraints on adhesives? Visual
impact constraints?

For vibration-harvesting nodes, adhesive bonds have significantly
lower mechanical coupling stiffness than screw-mounted contacts -
include a coupling efficiency derating factor in CC-ES-1 and CC-PM-
1.

CC-ES-3 (transducer mounting); CC-NW-4 (if non-invasive, OTA
update is mandatory since wired configuration is unavailable)

Construction Viewpoint - physical deployment pattern.

1.11 Group DC - Duty Cycle

How are sensing, processing, communication, and sleep coordinated into an energy-balanced
schedule?

Maps to: Cross-cutting across all VP-02 strata; D8.6 solution component 5 (Duty Cycle).
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This group formalises what D8.6 identified as a first-class solution component. In the v0.3
catalogue, duty-cycle concerns were fragmented across the Energy Budget (EB-5), Sensing
(SE-2), and Communications (C-4) groups. The project experience showed that the duty cycle
is a system-level coordination decision - it is the mechanism that translates the energy budget
into application behaviour and is where the co-design trade-offs become concrete.

1.14.1 CC-DC-1 - Integrated Duty-Cycle Design

Field Content

Concern What is the complete node activity timeline - the integrated
schedule of sensing, on-node processing, communication, and sleep
- and what is the energy cost of each phase?

Why it matters The duty cycle is the single design element that connects the energy
budget (CC-PM-1) to the application output (CC-D3.2). A duty cycle
designed around the sensing interval alone, without considering
communication timing, will produce a sub-optimal energy
allocation. The schedule must be designed as a single, coordinated
plan.

Inputs needed For one complete reporting cycle: wake - sense - process -
transmit = sleep. Duration and current draw for each phase.
Nominal sensing interval for each sensor type. Desired data
reporting interval. Whether sensing and communication are
synchronous (sense-then-send) or asynchronous (sense-and-buffer,
send-on-schedule).

Source REQ-PRJ-006
requirement

Guidance Distinguish between normal-mode reporting (long intervals for
energy efficiency) and alarm-mode reporting (immediate
transmission regardless of energy state). Design the storage (CC-ST-
1) and power management (CC-PM-3) to accommodate temporary
high-frequency bursts during alarm events without depleting
storage. For condition monitoring, burst sampling (high rate for
short duration, then sleeping) is usually energy-efficient.

Co-design CC-PM-1 (total average power from this schedule); CC-SW-1 (sensor

dependencies energy per sample); CC-SW-3 (processing time per cycle); CC-NW-3
(protocol Tx/Rx timing and energy); CC-Al-2 (on-node compute
time); CC-ES-1 (available power to sustain this cycle rate)

ISO/IEC 30141 Functional Viewpoint - functional decomposition; Usage Viewpoint -
mapping interaction model.

Your answer
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1.15.1 CC-DC-2 - Energy-Aware Scheduling

Field Content

Concern How does the duty-cycle schedule adapt to variations in energy
availability - including harvesting gaps, seasonal changes, and
correlation between energy supply and sensing demand?

Why it matters The temporal profile of the energy source (CC-ES-1) is rarely
constant. A vibration harvester on a machine provides energy only
when the machine runs. A PV cell provides less energy on dark
winter days. An adaptive duty cycle that increases reporting during
high-energy periods and reduces it during low-energy periods
produces better overall application performance than a fixed
schedule sized for worst-case conditions.

Inputs needed Is energy availability correlated with sensing demand (favourable)
or anti-correlated (unfavourable)? What external context signals
are available to predict energy availability (production schedule,
time of day, weather)? What is the minimum duty cycle the system
can sustain during low-energy periods while still meeting minimum
application requirements?

Guidance Context awareness (CC-Al-5) can trigger schedule changes - e.g., a
production schedule API tells the node when the machine will be
running, allowing pre-emptive energy conservation during
scheduled downtime. The energy-efficiency algorithm (CC-Al-4 /
BB3.3) may coordinate with the PMIC (CC-PM-3) to implement the
adaptive strategy.

Co-design CC-ES-1 (temporal profile); CC-ST-1 (storage bridge capacity during
dependencies gaps); CC-PM-3 (adaptive power management strategy); CC-Al-4

(BB3.3 energy-efficiency algorithm); CC-AI-5 (context awareness)
ISO/IEC 30141 Functional Viewpoint - context-awareness; Construction Viewpoint
mapping - design pattern.

Your answer

1.16.1 CC-DC-3 - Deqgradation Modes

Field Content

Concern What happens when energy is scarce? What specific degradation
modes are defined, and what application functionality is preserved
in each?

Why it matters D8.6 showed (Table Il) that application quality can be retained

under tight energy budgets - but only when the degradation path is
designed explicitly. An unplanned energy depletion produces a
silent failure. A planned degradation produces a node that still
reports at reduced frequency, or that prioritises alarm events over
routine data.
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Field
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Content

Inputs needed

Co-design
dependencies

ISO/IEC 30141
mapping
Your answer

Define at least two operating modes: normal and degraded. For
each: sensing interval, communication frequency, which sensors are
active, which algorithms run. What state-of-charge threshold
triggers the transition? Is there a “critical” mode that sends only a
low-energy alert before shutdown? Does the failure mode need to
be fail-safe, fail-silent, or fail-operational (see CC-TW-4)?

CC-D3.4 (Tier 1: is degradation acceptable?); CC-PM-3 (adaptive
strategy controls mode transitions); CC-TW-4 (reliability/failure
mode requirements); CC-Al-4 (algorithm controls degradation logic)

Trustworthiness Viewpoint - reliability and resilience; Functional
Viewpoint - mode management.

1.12 Group Al - Algorithms & Intelligence

What computation is needed, where does it run, and how does it interact with the energy

budget?

Maps to: VP-02 Algorithms & Al stratum; BB3.1-BB3.4; D8.6 solution component 6.

1.17.1 CC-Al-1 - Application Domain and Required Algorithm Types

Field

Content

Concern

Why it matters

Inputs needed

Co-design
dependencies
ISO/IEC 30141
mapping

Your answer

Which application domain(s) and associated algorithm types are
required?

Determines which ABBs from BB3.x are in scope. Asset Tracking
needs BB3.1; Condition Monitoring needs BB3.2; Energy Efficiency
Optimisation needs BB3.3; Comfort Optimisation needs BB3.4.

Primary domain (from CC-D3.1); specific algorithmic capabilities
(sub-metre localisation, bearing fault detection, occupancy
prediction, comfort index computation); acceptable algorithm
latency.

CC-D3.2 (Tier 1: service category); CC-DC-1 (algorithmic
requirements drive sensing bandwidth and therefore duty cycle)

Functional Viewpoint - loT service and application capabilities.

D8.6-M36
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1.18.1 CC-Al-2 - Compute Deployment: On-Node, Edge, or Cloud

Field Content

Concern For each required algorithm, where in the VP-01 topology should it
execute?

Why it matters On-node computation reduces data volume but increases node

energy consumption. Cloud computation requires reliable
connectivity and introduces latency. The optimal split depends on
energy budget, latency, and data volume.

Inputs needed For each algorithm: maximum acceptable latency; raw data vs. pre-
processed features transmitted; MCU capability on node;
edge/cloud compute available.

Guidance Rule of thumb: move computation toward the data source if doing
so reduces transmitted data volume more than it increases
compute energy. Feature extraction (e.g., 4-value feature vector
from 4000 vibration samples) is almost always energy-efficient.

Co-design CC-SW-3 (on-node processing); CC-PM-1 (MCU power budget); CC-

dependencies NW-3 (data volume vs. transmission energy); CC-DC-1 (processing
time in duty cycle)

ISO/IEC 30141 Functional Viewpoint - data processing; Construction Viewpoint -

mapping component capabilities.

Your answer

1.19.1 CC-AI-3 - Domain-Specific Algorithm Requirements

Complete the sub-section(s) applicable to your CC-D3.1 domain selection.
CC-Al-3a - Asset Tracking (if applicable; BB3.1)

Field Content

Concern What are the requirements for asset localisation: accuracy,
coverage, and update rate?

Inputs needed Localisation accuracy (m); coverage area and geometry; update
rate; mobile vs. stationary assets; existing infrastructure
repurposable as anchors.

Guidance UC1 used RFID backscatter for zone-level detection and UWB for

fine-grained position - the two complement each other.
Co-design CC-DC-1 (localisation frequency drives duty cycle); CC-NW-3
dependencies (protocol choice for localisation)

Your answer
CC-Al-3b - Condition Monitoring (if applicable; BB3.2)

Field Content

Concern What machine conditions must be monitored, and what fault
detection sensitivity/specificity is required?
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Field

LoLiPoP-loT Page: 25

Content

Inputs needed

Guidance

Co-design
dependencies

Your answer

Machine types and fault modes; shaft speed(s); required fault
detection lead time; acceptable false alarm rate; supervised
vs. unsupervised ML.

Highest fault signature frequency is typically 10-20x shaft
frequency. Ensure sensing bandwidth (CC-DC-1/CC-SW-1) and MCU
capability (CC-Al-2) are consistent.

CC-DC-1 (sampling rate for fault bandwidth); CC-SW-1
(accelerometer/vibration sensor); CC-SW-3 (FFT on node?)

CC-Al-3c - Energy Efficiency and Comfort Optimisation (if applicable; BB3.3/BB3.4)

Field

Content

Concern

Inputs needed

Co-design
dependencies

Your answer

What energy loads or comfort parameters are to be optimised, and
what are the performance targets?

Parameters to monitor/optimise; target energy saving or comfort
metrics; monitoring-only vs. closed-loop control; available actuators
and control APlIs.

CC-DC-1 (control loop timing); CC-SW-1 (occupancy, CO,,
temperature, light sensors); CC-NW-4 (downlink for actuation
commands)

1.20.1 CC-Al-4 - Energy-Efficiency Algorithm (BB3.3)

Field

Content

Concern

Why it matters

Inputs needed

Co-design
dependencies

ISO/IEC 30141
mapping
Your answer

Does the system use an algorithmic control loop to manage power
consumption - and if so, where does it run and what does it
control?

BB3.3 (Energy Efficiency Algorithm) may run on-node, at the edge,
or in the cloud. It receives state-of-charge information and returns
updated operating parameters (duty cycle, sensing rate,
transmission frequency). It is the computational embodiment of the
adaptive power management strategy (CC-PM-3).

Does the algorithm change node settings remotely? What
parameters does it adjust? Does it require a downlink (CC-NW-4)?

CC-PM-3 (strategy that this algorithm implements); CC-DC-2
(energy-aware scheduling); CC-DC-3 (degradation mode control);
CC-NW-4 (downlink for remote reconfiguration)

Usage Viewpoint - interaction model; Functional Viewpoint -
management functions.

D8.6-M36
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Source
requirement

Inputs needed

Co-design
dependencies
ISO/IEC 30141
mapping

Your answer

Deliverable D8.5-M36 LoLiPoP-loT Page: 26
1.21.1 CC-Al-5 - Context Awareness and Adaptive Behaviour
Field Content
Concern Does the system need to adapt its behaviour based on contextual

information beyond raw sensor readings?

Context-aware systems can reduce unnecessary sensing and
communication by using external signals to predict when
interesting events are likely.

REQ-PRJ-004

Relevant context sources: production schedule, occupancy data,
time of day/week, weather, location. Available via APl or system?

CC-DC-2 (context triggers schedule changes); CC-PM-3 (context-
aware strategy)

Functional Viewpoint - context-awareness.

1.22.1 CC-Al-6 - User Interface, Data Management, and System Health
Field Content
Concern What data storage, integration, user interface, and system health

Why it matters

Source
requirements

Inputs needed

Guidance

Co-design
dependencies

ISO/IEC 30141
mapping

D8.6-M36

reporting requirements apply?

Data architecture affects protocol choice, latency chain, and
security requirements. A real-time dashboard requires a low-
latency data pipeline; a daily-report interface is compatible with
batch transmission. Health reporting (energy level, RSSI, last-seen)
provides early warning of approaching depletion.

REQ-PRJ-017 (Ul); REQ-PRJ-018 (health monitoring)

Data storage location and retention; cloud platform requirements;
real-time vs. batch; Ul type (dashboard, mobile app, SCADA
integration); health parameters to report (energy level, RSSI, packet
loss, last-seen, sensor self-test); alert definitions.

Health parameters should be first-class data fields in the node
payload, not afterthoughts. Energy level reporting enables BB3.3 to
be auditable by operators and provides empirical data for refining
energy models.

CC-DC-1 (data reporting interval must support Ul update rate); CC-
NW-3 (protocol must carry health payload); CC-TW-1 (data security
for cloud-bound data)

Functional Viewpoint - management and monitoring; Usage
Viewpoint - user interaction.
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Field Content

Your answer

4. Part B - System-Level Concerns

1.13 Group NW - Network & Communications
How does data move from node to application? What infrastructure is required?

Maps to: VP-02 Communications & Control stratum; BB6.2.

This group covers the network infrastructure - topology, protocol, range, scalability, co-
existence. The scheduling of communication (when and how often to transmit) has moved to
CC-DC-1, because it is part of the integrated duty-cycle design.

1.23.1 CC-NW-1 - WSN Node Range

Field Content

Concern What is the required communication range from sensor nodes to
the nearest gateway or access point?

Why it matters Range determines minimum transmit power and influences
protocol selection. Short-range protocols (UWB, BLE, ZigBee)
require denser gateway infrastructure; long-range protocols
(LoRaWAN, NB-loT) cover larger areas at lower data rates.

Inputs needed Distance from farthest node to nearest gateway (m); obstacles
(walls, machinery, metal structures); whether nodes are mobile
(variable range).

Guidance Conduct a site survey. Metal-rich industrial environments cause
significant attenuation vs. free-space predictions.

ISO/IEC 30141 Construction Viewpoint - enterprise networking pattern.

mapping

Your answer

1.24.1 CC-NW-2 - Network Topology

Field Content
Concern What network topology is required: point-to-point, star, or mesh?
Why it matters Mesh extends range and resilience but requires relay nodes to

forward traffic, increasing their energy consumption. Star is simpler
and more energy-efficient.
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Field Content

Inputs needed Coverage area and gateway placement; nodes unreachable by
direct gateway link; resilience requirement.

Guidance For long-life IoT, star topology is generally preferred unless
coverage gaps mandate mesh. If mesh is needed, relay nodes may
need larger energy budgets.

Source REQ-PRJ-015
requirement

ISO/IEC 30141 Construction Viewpoint - enterprise networking pattern.
mapping
Your answer

1.25.1 CC-NW-3 - Protocol Selection

Field Content

Concern Which wireless protocol(s) are required or preferred for each
network segment (proximity, access, services)?

Why it matters Protocol determines power consumption profile, data rate, range,
and interference immunity. Existing infrastructure may constrain
the choice.

Inputs needed Existing wireless infrastructure; regulatory or procurement
constraints; applicable spectrum regulations.

Source REQ-PRJ-016

requirement

Guidance Consider the full proximity-to-cloud path. The protocol at each VP-
01 network boundary must be consistent with the deployment
topology.

Co-design CC-DC-1 (protocol Tx/Rx timing and energy per packet); CC-PM-1

dependencies (radio is typically the dominant energy consumer)

ISO/IEC 30141 Construction Viewpoint - enterprise networking pattern.

mapping

Your answer

1.26.1 CC-NW-4 - Bidirectional Communication (Downlink)

Field Content

Concern Is a downlink (network-to-node) communication capability
required?

Why it matters Downlink enables remote firmware updates, remote

reconfiguration (duty cycle, thresholds, PM parameters), and on-
demand queries. It requires the receiver to be active periodically,
costing energy.
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Field Content

Inputs needed Is OTA firmware update required? Remote reconfiguration? On-
demand queries? Actuation commands?

Co-design CC-Al-4 (remote energy-efficiency algorithm needs downlink); CC-

dependencies PM-3 (remote PM reconfiguration); CC-DC-1 (receive window
energy in duty cycle); CC-SW-4 (if non-invasive install, OTA is
mandatory)

ISO/IEC 30141 Usage Viewpoint - interaction model.

mapping

Your answer

1.27.1 CC-NW-5 - Existing Infrastructure Compatibility

Field Content

Concern Must sensor nodes be compatible with existing WSN infrastructure
already deployed at the site?

Inputs needed Existing gateways/repeaters; NMS vendor; site standardisation
policy; willingness to deploy additional hardware.

Guidance Where existing RFID infrastructure is present, it may provide both
power delivery and communication (backscatter), eliminating
separate radio hardware.

ISO/IEC 30141 Construction Viewpoint - enterprise networking pattern.

mapping

Your answer

1.28.1 CC-NW-6 - Number of Nodes and Scalability

Field Content

Concern How many sensor nodes will be deployed, at what density, and
what is the anticipated commercial scale?

Inputs needed Initial node count; nodes per gateway; maximum scale; co-channel
interference from neighbouring deployments.

ISO/IEC 30141 Construction Viewpoint - enterprise networking pattern.

mapping

Your answer

1.29.1 CC-NW-7 - RF Co-existence and Interference

Field Content

Concern Are there multiple wireless systems in the same physical space that
could interfere with the WSN?
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Content

Why it matters

Source
requirement

Inputs needed

Guidance

ISO/IEC 30141

mapping
Your answer

Interference causes packet loss, increased retransmissions (raising
energy consumption), and in severe cases complete communication
failure.

REQ-PRJ-008

Existing Wi-Fi, BLE, ZigBee, RFID readers, cellular at site; WSN nodes
sharing same band and space; protocol interference mitigation
(AFH, LBT, TDMA); pre-deployment RF survey planned?

RF co-existence must be addressed at protocol selection (CC-NW-3),
not retrofitted after deployment.

Construction Viewpoint - enterprise networking pattern;
Trustworthiness Viewpoint - reliability.

1.14 Group TW - Trustworthiness, Compliance & Sustainability

What are the security, regulatory, safety, lifecycle, environmental, and quality requirements?

Maps to: ISO/IEC 30141 Trustworthiness Viewpoint; crosscutting all VP-01 columns and VP-
02 strata. This group also now incorporates the sustainability concerns documented in D8.6

Section V.

1.30.1 CC-TW-1 - Data Security and Integrity

Field

Content

Concern

Inputs needed

Source
requirement

Guidance

ISO/IEC 30141
mapping
Your answer

What data security and integrity requirements apply to data
collected, transmitted, and stored?

Encryption in transit? At rest? Authenticity/integrity verification?
Provenance/audit log? Confidentiality? Physical tamper detection?

REQ-PRJ-013

HSMs add to node cost and peak current. For energy-constrained
nodes, lightweight cryptography (ISO/IEC 29192) is preferable if it
meets the security requirement.

Trustworthiness Viewpoint - security and privacy.

D8.6-M36
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1.31.1 CC-TW-2 - Privacy and Data Governance

Field Content

Concern What data privacy regulations apply, and how do they constrain
data collection, storage, and processing?

Inputs needed Data relating to identifiable individuals? Data leaving the EU?
Retention period? Access control? DPIA required?

Source REQ-PRJ-020a

requirement

ISO/IEC 30141 Trustworthiness Viewpoint - privacy.

mapping

Your answer

1.32.1 CC-TW-3 - Requlatory and Certification Compliance

Field Content

Concern What regulatory certifications are mandatory, and how do they
constrain hardware and software choices?

Inputs needed CE/RED (2014/53/EU)? ATEX zone? EU MDR 2017/745? Functional
safety (IEC 61508, ISO 13849)? Spectrum regulations?

Source REQ-PRJ-010

requirement

Guidance Certification requirements must be identified early - retrofitting
compliance is expensive.

ISO/IEC 30141 Trustworthiness Viewpoint - compliance.

mapping

Your answer

1.33.1 CC-TW-4 - Reliability and Availability

Field Content

Concern What are the reliability and availability requirements, and what is
the acceptable failure mode when energy is depleted?

Inputs needed Required uptime (%); maximum alarm latency; failure mode (fail-
safe / fail-silent / fail-operational); MTBF; redundancy needed?

Co-design CC-DC-3 (degradation modes define the energy-depletion failure

dependencies path)

ISO/IEC 30141 Trustworthiness Viewpoint - reliability and resilience.

mapping

Your answer
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1.34.1 CC-TW-5 - Safety

Field

Content

Concern
Inputs needed
ISO/IEC 30141

mapping
Your answer

Are there functional safety requirements, and under which
standard?

Is any loT output used as input to a safety function? SIL/PL level?
Designated safety authority?

Trustworthiness Viewpoint - safety.

1.35.1 CC-TW-6 - Device Management, Lifecycle, and Health Reporting
Field Content
Concern How will devices be managed throughout their lifecycle -

Why it matters

Source
requirements

Inputs needed

Co-design
dependencies
ISO/IEC 30141
mapping

Your answer

provisioning, monitoring, updating, health reporting, and
decommissioning?

Long-life systems require firmware updates, reconfiguration, and
eventually decommissioning. Silent failures (depleted node,
degraded RF link) are difficult to detect without active health
monitoring.

REQ-PRJ-012 (device management); REQ-PRJ-018 (health
monitoring)

OTA firmware update required? Remote diagnostics? Provisioning
procedure? Decommissioning (key deletion, data erasure)?
Centralised device management platform? Health parameters:
energy level, RSSI, packet loss, last-seen, sensor self-test?

CC-NW-4 (downlink for OTA/remote config); CC-Al-6 (health data in
payload); CC-DC-1 (health reporting overhead in duty cycle)

Functional Viewpoint - management functions.

1.36.1 CC-TW-7 - Simulation, Testing, and Pre-Deployment Validation

Field Content

Concern Has a simulation and testing plan been defined, covering power
estimation models, prototype validation, and pre-deployment
functional testing?

Source REQ-PRJ-002

requirement
Inputs needed

D8.6-M36

Have BB5.1/5.2/5.3 energy models been developed and validated?
Is a hardware prototype available? Test scenarios: cold-start from
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Field Content

depleted storage, worst-case energy, max range, RF interference,
temperature extremes? Formal test plan with pass/fail criteria?

Guidance For EH systems, always include a full energy depletion and cold-
start cycle. Also validate the adaptive strategy (CC-PM-3, CC-DC-2)
under realistic intermittent harvesting profiles.

ISO/IEC 30141 Construction Viewpoint - validation; Trustworthiness Viewpoint -
mapping assurance.

Your answer

1.37.1 CC-TW-8 - Prototype Count and Deployment Scale Planning

Field Content

Concern How many functional prototypes are required, and is this sufficient
to validate the system under all relevant scenarios?

Source REQ-PRJ-009

requirement

Inputs needed Prototype count; does it allow testing of full VP-01 topology, multi-
node network behaviour, range of deployment locations? FAT
procedure?

ISO/IEC 30141 Construction Viewpoint - deployment; Trustworthiness Viewpoint -

mapping assurance.

Your answer

1.38.1 CC-TW-9 - EU Al Act Compliance

Field Content

Concern Does the system include Al components within scope of the EU Al
Act (Regulation (EU) 2024/1689)?

Source REQ-PRJ-020b

requirement

Inputs needed Al/ML component present? Decision-making role (advisory
vs. autonomous)? Al Act Annex Il high-risk category? Provider
vs. third-party? Self-assessment completed?

Guidance Most LoLiPoP-loT Al components (monitoring alerts, efficiency
recommendations) are likely limited-risk or minimal-risk, subject
primarily to transparency obligations. Systems with Al directly
triggering safety-relevant actions should be reviewed against high-
risk criteria.

Relevant Regulation (EU) 2024/1689; ISO/IEC 42001:2023
regulation
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Field Content
ISO/IEC 30141 Trustworthiness Viewpoint - compliance.
mapping

Your answer

1.39.1 CC-TW-10 - Sustainability and Environmental Impact
Field Content
Concern What are the environmental sustainability requirements -

specifically regarding battery waste reduction, e-waste
minimisation, and alignment with circular-economy principles?

Why it matters D8.6 demonstrated that LoLiPoP-loT solutions can reduce battery
use by approximately 83%. The EU Green Deal, Circular Economy
Action Plan, and the EU Battery Regulation (2023/1542) increasingly
require that electronic products minimise battery waste and be
designed for long life. Sustainability is both a design constraint and
a value proposition - it may be one of the primary justifications for
adopting long-life loT platform technology.

Inputs needed Expected battery replacement frequency with and without EH (to
guantify reduction); battery chemistry and disposal classification;
compliance with EU Battery Regulation provisions; whether system
design supports end-of-life disassembly and component recycling;
alignment with organisational sustainability commitments.

D8.6 source D8.6 Section V (sustainability; ~83% battery-use reduction) and
Table II; alignment with UN SDGs 7, 9, 11, 12, 13.

ISO/IEC 30141 Business Viewpoint - value proposition; Trustworthiness Viewpoint

mapping - compliance.

Your answer

1.15 Component Interoperability and System Composability
This is a design principle, not a single concern. It applies across all groups.

The LoLiPoP-loT ABB/SBB architecture is inherently composable: each BB defines an
interface, and multiple SBBs can fulfil it. The practical action is to document the interface
contract for each BB boundary in the VP-01/VP-02 diagram: what voltage/current spec is the
PMIC output? What digital interface (I2C, SPI) does each sensor use? What data model does
the cloud API accept? Documenting these interfaces explicitly during design prevents tight
coupling that would break composability.

Source requirement: REQ-PRJ-005 - components should work with different combinations
beyond the specific UC implementation.

When completing each Tier 2 group, verify that the selected SBB defines a standard interface
that allows substitution without full system redesign. Document any confirmed tight couplings
(where an SBB in one BB directly constrains SBB selection in another) as interoperability risks.
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End of Tier 2. Proceed to Tier 3 after all co-design concerns have been answered and cross-
checked against dependencies.

5. Tier 3 - Decision Guidance & Outcome Evaluation

1.16 Part A - Component Selection Guidance

For each Tier 2 concern group, this section describes how the answers steer the selection of
Architecture Building Blocks (ABBs), the choice of Solution Building Blocks (SBBs) from the
component library, and the relevant standards and trade-offs from LoLiPoP-loT experience.

1.40.1 CC-DG-ES - Decision Guidance: Energy Source

Step 1 - Determine harvesting feasibility (from CC-ES-1, CC-D1.1)

If no ambient energy source is confirmed above a usable threshold, energy harvesting cannot
be the primary energy source. Options are: (a) primary cell battery with ultra-low-power design;
(b) secondary battery with wired charging; (c) RFID-powered (passive/semi-passive tag) if RF
energy is available.

Recommended
Available  harvester type D8.6 measured
source (BB4.2) power Reference UCs
Indoor PV cell optimised 10-100 pW UC1, UC8, UcCio
light for indoor
(200- spectrum
1000 lux)
Outdoor Standard PV cell 1-50 mW uca
light
Vibration  Piezoelectric, 1 uW —-3.3 W (highly  UC6, UC7, UC9
/ electromagnetic, context-dependent)

mechanic  or variable-
al motion  reluctance kinetic

harvester
Thermal Thermoelectric 10-500 uW at 5-20°C UC5, UC7, UC8
gradient generator (TEG) AT
(machiner
y)
UHF RFID  Rectenna (antenna 1-100 pW within uci
RF field + rectifier) reader range
Multiple Hybrid harvesting  Combined, varies UC1, UC7, UC8
sources (two transducers +

multi-input PMIC)
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Step 2 - Multi-source decision (from CC-ES-2)

If multiple ambient sources are available (CC-D1.2 = Yes), evaluate whether the added energy
from the secondary source justifies the PMIC complexity. D8.6 showed that hybrid
configurations significantly improved energy resilience in UC1 (PV provided 73%, RF provided
27%) and UC7 (TEG provides baseline, VEH provides periodic bursts).

1.41.1 CC-DG-ST - Decision Guidance: Enerqgy Storage

Storage selection (from CC-ST-1, CC-ST-2)

Storage type Recommended when Key constraint

Supercapacitor High cycle life needed, moderate Higher self-discharge, lower
energy, wide temperature range energy density

Thin-film battery Higher energy density needed, Limited cycle life and

fewer cycles temperature range
Hybrid (supercap + Long gaps AND high peak Complexity, cost
thin-film) current
Primary cell only EH not feasible, ultra-long-life Finite life, disposal burden

primary cell available
Use BB5.2 (energy storage models) to size the storage element. The maximum continuous
harvesting gap (from CC-ES-1 temporal profile) multiplied by the degraded-mode average
power consumption (from CC-DC-3) gives the minimum required stored energy.

1.42.1 CC-DG-PM - Decision Guidance: Power Management

PMIC selection (from CC-PM-2)

The PMIC must handle voltage conversion from harvester/storage to node supply voltage.
Where energy supply is intermittent, a harvesting-aware PMIC that wakes the MCU only when
sufficient charge is available is strongly preferred.

System-level energy budget validation (BB5.x)

Before finalising hardware, validate the energy budget: - BB5.1 - Predicted harvested energy
for the deployment context. - BB5.2 - Storage sizing: minimum capacity, cycle life vs. depth. -
BB5.3 - Full WSN node power consumption model: average current under normal duty cycle
+ peak during transmission.

The models should produce a worst-case energy budget analysis. If worst-case analysis
shows consumption > harvesting, the design must be revised before hardware is committed.

1.43.1 CC-DG-SW - Decision Guidance: Sensing Workload

Sensor selection protocol (from CC-SW-1, CC-SW-2):

1. List all required physical quantities (CC-SW-1) and accuracy requirements.
2. For each, identify sensors meeting accuracy within physical constraints (CC-SW-2).
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For each candidate: sensing energy = active current x voltage x active time x sensing
frequency.
Sum all sensor costs and verify within CC-PM-1 budget.

If over budget: reduce frequency (CC-DC-1), use burst sampling, or select a lower-
power variant.

Relevant standards: ISO 10816 / I1SO 20816 (vibration); ASHRAE 55 (thermal comfort); EN
12464 (lighting); IEC 60529 (IP ratings); IEC 61000 (EMC).

1.44.1 CC-DG-DC - Decision Guidance: Duty Cycle

Key principle: The duty cycle is where co-design trade-offs become concrete. It is the
translation mechanism from energy budget to application behaviour.

Design procedure:

1.

Define the full node activity timeline (CC-DC-1): wake = sense = process = transmit
- sleep.

Calculate energy per cycle: sum of (current x voltage x time) for each phase.
Calculate maximum sustainable cycle rate: CC-PM-1 average power budget + energy
per cycle.

Compare with required cycle rate from CC-D3.2/CC-D3.3: if sustainable rate <
required rate, iterate - reduce sensing scope, compress data, reduce transmission
frequency, or increase harvesting.

Define degradation modes (CC-DC-3): at minimum, a “normal” and “degraded” mode
with defined transition thresholds.

If CC-DC-2 identifies favourable correlation (energy available when sensing is
needed), exploit this - schedule high-activity periods during high-energy availability.

1.45.1 CC-DG-AI - Decision Guidance: Algorithms & Intelligence

BB3.x selection (from CC-Al-1, CC-Al-3):

BB

Application domain D8.6 deployment evidence

BB3.1

BB3.2

Asset Tracking UC1: RFID zone detection + UWB
fine localisation (>400% battery
extension); UC2: GNSS/GSM (2-
3x lifetime); UC4: GNSS
telemetry + geofencing (~1 yr
PV-assisted)

Condition Monitoring UCS5: Al/ML vibration & thermal
anomaly detection (>10 yr);
UC6: unsupervised learning fault
detection (15-20 yr autonomy);
UC7: ML on ULP-MCU (near-
perpetual)
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BB Application domain D8.6 deployment evidence

BB3.3 Energy Efficiency Cross-cutting across all UCs;
UC8: 10-35% heating savings;
UC10: 57% lighting savings

BB3.4 User Experience & Comfort UC8: radiator actuation, comfort
without intervention; UC10:
occupancy-aware lighting (90—
94% people-counting accuracy)

Compute/communicate trade-off: Always estimate the energy cost of communicating raw
data vs. local computation before deciding where an algorithm runs.

1.46.1 CC-DG-NW - Decision Guidance: Network & Communications

Protocol selection (from CC-NW-3):

Typical indoor

Protocol range Typical Tx current Best suited for

UHFRFID 0-5 m from reader N/A (reader- Asset tags (UC1)

(passive) powered)

uwB 10-50 m 50-100 mA High-accuracy localisation
(uci)

BLE 5.x 10-100 m 5-15 mA General monitoring, beaconing

ZigBee 10-100 m 20-30 mA Mesh sensor networks

(802.15.4)

LoRaWAN  1-5 km (urban) 25-40 mA Long-range, low-frequency

(Class A)

NB-loT Urban wide area 70-220 mA Wide-area, existing cellular

BB6.2 selection checklist: range (CC-NW-1) Vv; topology (CC-NW-2) v; compatibility (CC-
NW-5) v; duty-cycle timing (CC-DC-1) v; downlink (CC-NW-4) V; scalability (CC-NW-6) V.
Relevant standards: ISO/IEC 18000-63 (EPC Gen 2); IEEE 802.15.4z (UWB); Bluetooth SIG

Core 5.x; LoRa Alliance TS001; 3GPP Release 13+ (NB-loT); ETSI EN 302 208 (RFID); ETSI
EN 302 065 (UWB).

1.47.1 CC-DG-TW - Decision Guidance: Trustworthiness, Compliance & Sustainability

Minimum security baseline for all deployments: - Link-layer security: AES-128 minimum,
authenticated. - Transport security: TLS 1.2+. - Device identity: hardware root of trust
(secure element/HSM preferred). - OTA update security: cryptographically signed firmware
images. - Data integrity: timestamps applied at or near the sensor.

Compliance fast-track table:
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Deployment

context Mandatory compliance Key standard(s)

EU market (radio CE, Radio Equipment Directive RED 2014/53/EU; ETSI EN 300

device) 220/302 208/302 065

Hazardous area ATEX certification Directive 2014/34/EU; IEC 60079

(ATEX)

Medical device EU MDR MDR 2017/745; IEC 62304; IEC
60601-1

Functional safety Safety standards IEC 61508; IEC 62061; ISO 13849

Personal data (EU)  GDPR EU GDPR 2016/679

Al/ML component  EU Al Act Regulation (EU) 2024/1689

(EU)

Aviation / Environmental standards DO-160; ETSO-C90d

aerospace

Battery-dependent EU Battery Regulation Regulation (EU) 2023/1542

loT (EU)

Sustainability guidance (CC-TW-10): Quantify the battery waste reduction enabled by the
EH solution (D8.6 benchmark: ~83% reduction). Document alignment with EU Green Deal,
Circular Economy Action Plan, and relevant UN SDGs. Include this in the value case (CC-
D3.6) and outcome evaluation (CC-OE-3).

Pre-deployment validation sequence (CC-TW-7): 1. Energy budget validation: measure
actual harvested power under worst-case conditions. 2. Cold-start test: fully discharge storage,
verify autonomous restart from harvester alone. 3. Adaptive strategy validation: step through
degraded harvesting, verify CC-DC-2/CC-DC-3 modes. 4. RF link validation at deployment
site: measure RSSI and packet loss at worst-case positions. 5. Environmental stress test:
temperature and humidity extremes (from CC-SW-2). 6. Full system integration test: sensor —
cloud data flow, dashboards, alerts, health reporting.

1.17 Part B - Outcome Evaluation: Three D8.6 Outcome Layers
Closing the loop: does the solution deliver against the three design dimensions?

D8.6 evaluated every UC-specific solution through three outcome layers. After completing
component selection (Part A) - and again after deployment - evaluate the solution against
these three measures. This evaluation structure is drawn from D8.6 Table Il and enables cross-
use-case comparison.

The three outcome layers directly correspond to the three Tier 1 screening dimensions:

Tier 1 Screening

Dimension Tier 3 Outcome Layer What it measures
CC-D1 - Available CC-OE-1 - Energy Harvested What energy was/will be
Energy harvested, from which source(s),

under what conditions?
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Tier 1 Screening

Dimension Tier 3 Outcome Layer What it measures

CC-D2 - Lifetime CC-OE-2 - Battery-Lifetime How much was/will battery life

Impact Impact be extended? Is full autonomy
achieved?

CC-D3 - Application CC-OE-3 - Application Benefits What application functionality

Value was/will be retained or
enhanced? What measurable
value was/will be delivered?

1.48.1 CC-OE-1 - Energy Harvested

Field Content
Evaluation What energy is harvested, from which ambient source(s), under
question what deployment conditions?

Evidence required Predicted (pre-deployment): BB5.1 model output - uW average,
temporal profile, worst-case scenario. Measured (post-
deployment): actual energy logged over representative operating
period (joules, UW average, with timestamp and conditions).

Tier 2 concerns CC-ES-1, CC-ES-2, CC-PM-2

drawn from

D8.6 benchmark See D8.6 Table Il “Energy Harvested” column for per-UC reference
values.

Your result

1.49.1 CC-OE-2 - Battery-Lifetime Impact

Field Content
Evaluation How much has battery life been extended compared to a non-EH
question baseline? Is full energy autonomy achieved?

Evidence required  Predicted: BB5.2/BB5.3 model output - months or years of
operation, battery state-of-charge trajectory. Measured: actual
operational months before first battery intervention; SoC trend
data. Express as multiplier (e.g., “3x vs. baseline”) or absolute
duration.

Tier 2 concerns CC-ST-1, CC-PM-1, CC-PM-3, CC-DC-1, CC-DC-2

drawn from

D8.6 benchmark Spectrum from 2—3x (UC2) through >10 yrs (UC5, UC8) to near-
perpetual (UC6, UC7). Project-level benchmark: >400% battery-life
extension (UC1).

Your result
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1.50.1 CC-OE-3 - Application Benefits

Field Content
Evaluation What application functionality is retained or enhanced under
question energy-constrained operation, and what measurable value has

been delivered?

Evidence required  Predicted: design specification showing which CC-D3.2 service
category functions are maintained in normal and degraded modes.
Measured: actual KPI performance against CC-D3.6 targets - e.g.,
localisation accuracy, fault detection rate, energy savings (%),
inventory reduction (%), cost savings (€).

Tier 2 concerns CC-DC-3, CC-Al-1, CC-AI-3, CC-SW-1, CC-D3.6

drawn from

D8.6 benchmarks UC1: 20—-30% WIP inventory reduction, 30-50% search time
reduction; UC2: €1M+ annual savings; UC5: 10% failure rate
reduction, €20k/yr savings; UC8: 10-35% heating savings; UC10:
57% lighting savings, 90—94% people-counting accuracy.

Your result

Structural note: The catalogue forms a closed loop. Tier 1 (CC-D1/CC-D2/CC-D3)
screens the intent. Tier 2 co-designs the solution across six components. Tier 3 Part
A guides component selection. Tier 3 Part B (CC-OE-1/CC-OE-2/CC-OE-3) evaluates
the outcome against the same three dimensions. If the outcome evaluation reveals
a gap (e.g., CC-OE-2 shows insufficient lifetime), the design iterates through the
relevant Tier 2 groups using the co-design dependencies to identify which
components to adjust.

End of Tier 3. The completed catalogue - Tier 1 answers, Tier 2 concern answers with co-
design cross-checks, Tier 3 Part A component selections, and Tier 3 Part B outcome
evaluation - constitutes the full input set for populating a VP-01/VP-02 architecture diagram.

6. Appendix C1 - Concerns Catalogue Quick Reference

Concern Co-design
ID Group (short form) dependencies Owner Status Date
CC-ES-1 Energy Source  Ambient CC-ST-1, CC-DC-2,

energy CC-PM-2

characterisati

on

CC-ES-2 Energy Source  Multi-source CC-PM-2, CC-ES-
EH feasibility 1, CC-ES-3
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Concern Co-design
ID Group (short form) dependencies Owner Status Date
CC-ES-3 Energy Source Transducer CC-SW-2, CC-SW-
form factor 4, CC-PM-1
and
placement
CC-ST-1 Energy Storage type CC-ES-1, CC-DC-2,
Storage and capacity CC-PM-2, CC-D2.1
CC-ST-2 Energy Storage CC-SW-2,CC-D1.4
Storage environmenta
| constraints
CC-PM-1 Power Node power CC-ES-1, CC-ST-1,
Management consumption  CC-DC-1, CC-SW-
budget 1, CC-Al-2, CC-
NW-3
CC-PM-2 Power PMIC CC-ES-1, CC-ES-2,
Management selectionand CC-ST-1
cold-start
CC-PM-3 Power Adaptive CC-DC-2, CC-DC-
Management  power 3, CC-Al-4, CC-
management D3.4
strategy
CC-PM-4 Power Unit cost CC-ES-3, CC-PM-
Management target and 2, CC-NW-3
BOM
CC-SW-1  Sensing Physical CC-PM-1, CC-DC-1
Workload guantities and
sensor types
CC-SW-2 Sensing Sensor CC-ES-1, CC-ES-3,
Workload location, CC-ST-2, CC-NW-1
context,
robustness
CC-SW-3 Sensing On-node data CC-Al-2, CC-DC-1,
Workload processing CC-PM-1
CC-SW-4 Sensing Non-invasive  CC-ES-3, CC-NW-4
Workload installation
CC-DC-1 Duty Cycle Integrated CC-PM-1, CC-SW-
duty-cycle 1, CC-SW-3, CC-
design NW-3, CC-Al-2,
CC-ES-1
CC-DC-2 Duty Cycle Energy-aware CC-ES-1, CC-ST-1,
scheduling CC-PM-3, CC-Al-4,
CC-Al-5
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Concern Co-design

ID Group (short form) dependencies Owner Status Date

CC-DC-3 Duty Cycle Degradation CC-D3.4, CC-PM-
modes 3, CC-TW-4, CC-

Al-4

CC-Al-1 Algorithms Application CC-D3.2, CC-DC-1
domain and
algorithm
types

CC-AlI-2 Algorithms Compute CC-SW-3, CC-PM-
deployment 1, CC-NW-3, CC-
(node/edge/cl DC-1
oud)

CC-AI-3 Algorithms Domain- CC-DC-1, CC-SW-
specific 1, CC-NW-3, CC-
algorithm NW-4
requirements

CC-Al-4 Algorithms Energy- CC-PM-3, CC-DC-
efficiency 2, CC-DC-3, CC-
algorithm NW-4
(BB3.3)

CC-Al-5 Algorithms Context CC-DC-2, CC-PM-3
awareness

CC-Al-6  Algorithms Ul, data CC-DC-1, CC-NW-
management, 3, CC-TW-1
system health

CC-NW-1  Network WSN node -
range

CC-NW-2  Network Network -
topology

CC-NW-3  Network Protocol CC-DC-1, CC-PM-1
selection

CC-NW-4  Network Bidirectional =~ CC-Al-4, CC-PM-3,
communicatio CC-DC-1, CC-SW-4
n (downlink)

CC-NW-5  Network Existing -
infrastructure
compatibility

CC-NW-6  Network Nodes and -
scalability

CC-NW-7  Network RF co- -
existence
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Concern Co-design
ID Group (short form) dependencies Owner Status Date
CC-TW-1  Trustworthine Data security -
Ss and integrity
CC-TW-2 Trustworthine Privacy and -
SS data
governance
CC-TW-3  Trustworthine Regulatory -
SS and
certification
CC-TW-4  Trustworthine Reliability and CC-DC-3
Ss availability
CC-TW-5  Trustworthine Safety -
sS
CC-TW-6  Trustworthine Device CC-NW-4, CC-Al-
ss management, 6, CC-DC-1
lifecycle,
health
CC-TW-7  Trustworthine Testing and -
SS pre-
deployment
validation
CC-TW-8  Trustworthine Prototype -
Ss count and
scale planning
CC-TW-9  Trustworthine EU Al Act -
Ss compliance
CC-TW-10 Trustworthine Sustainability -

SS

and
environmenta
| impact

7. Appendix C2 - Mapping to ISO/IEC 30141:2024 Viewpoints

Concern group

ISO/IEC 30141 Viewpoint(s)

ISO/IEC 30141 Concern
addressed

ES - Energy Source

ST - Energy Storage

PM - Power

Management

D8.6-M36

Construction Viewpoint;
Functional Viewpoint

Construction Viewpoint

Construction Viewpoint

LoLiPoP-1oT - confidential

“What types of design are useful
when creating an loT
component?”

Component selection

Component capabilities;
functional decomposition
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ISO/IEC 30141 Concern
addressed

SW - Sensing
Workload

DC - Duty Cycle

Al - Algorithms
NW - Network
TW -

Trustworthiness

All groups

Functional Viewpoint;
Construction Viewpoint

Functional Viewpoint;
Construction Viewpoint

Functional Viewpoint; Usage
Viewpoint

Construction Viewpoint
(Enterprise Networking Pattern)

Trustworthiness Viewpoint

Business Viewpoint

“What are the types of abstract
functions...?”; loT device
capabilities

Functional decomposition;
design pattern

“What abstract functions...?”;
“How do users interact...?”

“What types of design...?”

“How to design with a level of
confidence meeting
trustworthiness goals.”

“How to leverage capabilities to
provide value for a business?”

8. Appendix C3 - Mapping to arc42 Template Sections

Tier / Concern
group

arc42 Section

arc42 Purpose

Tier 1 - Screening
(Cc-D1/cc-D2/cc-
D3)

Tier 2 Part A - Co-
Design
(ES+ST+PM+DC)

Tier 2 Part A - Co-
Design (SW+AI)

§2 Constraints

§1 Introduction & Goals (quality
goals)

81 Introduction & Goals
(requirements)

“Anything that constrains design
and implementation decisions”

“Top quality goals for the
architecture”

“Short description of
requirements, driving forces”

Tier 2 Part B - §5 Building Block View “Static decomposition of the
System (NW) system”

Tier 2 Part B - §8 Crosscutting Concepts “Overall regulations and solution
System (TW) approaches”

Tier 3 Part A - §4 Solution Strategy “Fundamental decisions and
Decision Guidance solution strategies”

Tier 3 Part B - §10 Quality Requirements “Quality requirements as
Outcome scenarios”

Evaluation

VP-01 / VP-02 §5 Building Block View + §7 “Static decomposition” +
diagrams Deployment View “Hardware and deployment”
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9. Appendix C4 - D8.6 Table Il: Cross-Use-Case Evaluation

Reference

This table reproduces the D8.6 Table Il outcome data for use as calibration benchmarks in
Tier 3 Part B (Outcome Evaluation).

EH
uc Source Energy Harvested Battery-Life Impact Application Benefits
uci PV + RF 1.4J)(PV,73%) +0.5) >400% vs. 6-month UWSB localisation;
WPT (RF, 27%) tags 20-30% WIP
reduction; 30-50%
search time
reduction
uc2 PV + WPT PV extends battery 2—-3x tracker lifetime  GNSS/GSM accuracy;
+ primary life €1M+ annual savings
uca PV + 200 pA from PV panel ~1 year (battery + PV) ~1 km GNSS
primary accuracy; ULD
visibility; battery
waste reduction
ucs TEG mW-level at 10-20°C  >10 yrs, up to 85°C Al/ML anomaly
AT detection; 10%
failure rate
reduction; €20k/yr
savings
uce VREH Upto3.3W 15-20 yr autonomy Unsupervised fault
detection; predictive
maintenance
uc7 TEG + 5-10°C AT + VEH Near-perpetual ML on ULP-MCU;
VEH bursts zero battery
replacement; zero-
battery node
uc8 TEG+ Combined >10 yrs maintenance- 10-35% heating
indoor free savings; eliminates
PV TRV battery disposal
uce VEH Continuous BLE Autonomous during  <5% fuel-level error;
output riding enhanced rider safety
UC10 Indoor PV from luminaires Long-term autonomy 90-94% people-
PV counting; 57%

lighting savings; 42%
daily reduction

End of LoLiPoP-loT Concerns Catalogue v0.41

Prepared as Appendix C to the LoLiPoP-loT Reference Architecture White Paper.
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