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through the IoT

Potential fourth 
disruptive 
technology 

IP4 Research Questions

• What is the failure hierarchy of a renewable 
distributed energy system in seismic events?

• How should existing asset management 
investment occur to provide resilience during the 
transition to a renewable and distributed energy 
system?

• How can real-time sensing enable early detection 
of network degradation pre-event, and situational 
awareness in the immediate post-event 
environment for rapid restoration?

• How do individual utility networks develop 
resilience to externality risks and avoid contagion?

• How does the trade-off in electrification of 
transportation, reducing vulnerable reliance on 
liquid fuels, but increasing resilience requirements 
for electricity, play out over time?

• How will autonomous transportation modes 
function in a beyond business-as-usual 
environment? (e.g. physically damaged roads, 
disrupted electrical systems)



Need: Infrastructure 
NZ (2022-2052)



Policy: Climate Change 
Adaptation



Timeline: NZ Emission 
Reduction Targets



Generation and Integration 
Solar Power Into Smart Grid

Rizki Rahayani



Background : Hazard Risks

Source : www.esdm.go.id

Natural Hazards

Source : UN Office for the Coordination of Humanitarian Affairs

hours

Human Made Hazards

Source : BMKG

2015 – 2019, 4.4 million
hectares of land burned in
Indonesia

18% repeadly burned

Figure 6. Indonesian Natural Hazard 
Map

Figure 7. Forest Fires in Indonesia

https://reliefweb.int/organization/ocha


PhD Research Questions

Research Questions

1. Does haze from forest fire affect significantly in solar power generation ?

2. How much solar energy can be generated during forest fires ?

3. How to select optimum location for solar power plant with minimum loss 
from forest fire effect?
4. How to support electricity data transmission from/to power plant ?



Objectives

Objectives for optimization of solar power generation and integration in Indonesia

Solar irradiance forecasting during 
forest fires

Solar power plant site planning 
based on historical hazards location

Solar Power Generation

Communication planning from/to 
solar power generator

Solar Power Integration



Methodologies & Approach

Solar 
Irradiance 
Forecasting

Power Plant 
Site Planning

Communicatio
n Planning

Figure 8. Solar Irradiance Forecasting Framework



Solar Irradiance Forecasting

Sky image Irradiance 
data from 
solargis

Temperature : ⁰ C
Wind : km/hr.

Data are collected 
from Indonesian 
agency for 
meteorological, 
climatological and 
geophysical 
(BMKG)

• Sampling
• Filtering
• Normalization
• Converting image to 

one channel image 
• Feature extraction

1. Sky image data 
during forest fires

Possible challenges

1. Using historical air 
quality index during 
haze season

2. Change the 
forecasting 
algorithm

Possible solutions
Evaluation of Accuracy Level

• normalized root mean square error (nRMSE) to observe the error

between forecasted results and data observed.
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• normalized mean bias error (nMBE) to calculate the systematic under or

over forecast.
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Hybrid methods : MLP, sky 
imagery & weather prediction

Figure 9. Solar Irradiance Forecasting Framework



Power Plant Site Planning

Define preferable city / province

Parameter Data Source

GHI (kWh/m2) Solargis website , solar irradiance

forecasting results

Temperature (º C) Solargis , BMKG

Relative Humidity (%) BMKG

Elevation (m) CGIAR-CSI

Slope (%) CGIAR-CSI

Azimuth CGIAR-CSI

Road Proximity (km) Indonesia Ministry of Public Works

Power grid Proximity (km) PLN

Demographic density (km) BPS

Natural Hazard risk UN Office for the Coordination of

Humanitarian Affairs

Human made Hazard Risk BMKG

1. Solar radiation
2. Sunshine radiation
3. Air temperature
4. Proximity to  power 

grid
5. Proximity to road 

infrastructure
6. Proximity to 

residential
7. Land aspects
8. Historical hazard risk

MCDM Parameters Define constraint layers based 
on:
1. Protected areas by 

land/policies
2. Protected areas by cultural
3. Conservation area

Figure 11. Solar Power Plant Site Planning Framework

Figure 12. Example of Suitable Map

Table 2.  Data Requirement



Communication Planning

Figure 14. Communication Planning Framework

Published in the ISGT Conference, 6th Dec 2021

Figure 15. Example of Communication Planning in  Network 
Simulator



Communication, Seismicity 
and Resilience

Eric Sauvage 



• Assessment of the impact of major earthquake on the physical infrastructure of fixed 
communication

• Evaluation of the seismic resilience of fixed communication system

• Guidelines for seismic resilience enhancement

Seismic Resilience Evaluation of Fixed 
Communication Infrastructure Systems

Central offices Damage risk quantification for AF8 
Central hypocenter

Farrukh Latif



Telecommunication for   
Seismic monitoring 

Seismometer

Energy  
(+ Transmission)



Acquisition and Processing

The seismic network in Nepal



Occurrence of an extreme 
event

Seismic signals for the Gorkha-Nepal Earthquake, ML=7.6 (25/04/2015)



Challenges and questions

How can real-time sensing enable early detection of network 
degradation pre-event, and situational awareness in the immediate 

post-event environment for rapid restoration?

How to define resilience for the telecommunication network and 
infrastructure?



Resilience supporting technologies 
for distributed renewable energy 
systems during High-Impact Low 

Probability (HILP) Events
Xin Liu
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Fundamental tone

Sampled signal

Synchrophasor: measurement of the phasor of the fundamental 
tone composing a periodic waveform of an electric quantity (i.e., 
voltage, current) using a common time reference. 

The core of PMU is the algorithm that 
estimates frequency, amplitude, and 
phase of the main frequency component.

Fundamental concepts:
Extraction of the fundamental tone 

with a distorted signal of finite length
Identification of its Amplitude, Phase

and Frequency.

In real world, the sampled signals are always 
distorted and with time-varying parameters.

Phasor estimation algorithm



Challenges and questions
What is the failure hierarchy of a renewable distributed energy system in seismic 
events?

PMU

PMU

PMU

PDC

Phasor measurement unit (PMU): A device used to estimate the magnitude, phase, 
frequency, and rate of change of frequency using a common time source.
Phasor data concentrator (PDC): A data concentrator used in phasor measurement systems.

Identification of possible pre-event of network 
degradations :
• switch actions,

• disconnection of distributed generation,

• frequency events, 

etc…

• machine learning based event and fault detection and 
localization, 

• machine learning based optimal network topology, 

How should existing asset management investment occur to provide resilience 
during the transition to a renewable and distributed energy system?



• Machine learning or data processing 
outcomes are heavily dependent on 
sensor data quality

• Sensor data may suffer from many 
uncertainties
• Environmental factors
• Sensor failure/drift
• Power failure

• Challenges
• Human intervention is not feasible
• Sensor heterogeneity

• Automated sensor anomaly detection is 
necessary to realise a full potential 
distributed sensing system

23Kevin Wang, University of Auckland



• Wearable and ambient sensors are able to 
provide contextual information for identifying 
various types of situations or activities, e.g.,
• Outdoor/indoor human activities
• Driving behaviour

• The knowledge of alike situations/activities is 
not necessarily transferrable
• Different ways of deployment
• Different types of sensor

• Challenges
• Limited amount of sensor data
• Lack of in-situ observation

• Robust situational awareness can be achieved 
through crowdsourcing and distributed 
machine learning and knowledge sharing 

Kevin Wang, University of Auckland



• Future IoT-based systems will be 
geographically distributed
• Smart city monitoring
• Intelligent/Electrical/Autonomous 

transportation
• Highly complex network environment 

with mobile devices
• Utility/Teleco/Traffic network

• Challenges
• Dynamic and real-time events
• Conflicting priorities 

• Dynamic load balancing and resource 
allocation is necessary to ensure 
resilient and well performing network

Kevin Wang, University of Auckland



Seismic 
resilience co-

benefits

Resilience 
gain

Strategic 
adoption 
of tech



Renewable 
distributed 

energy

Electrific
autonomous 

transport

Smart cities
Emerging 
disruptive 

technologies

Modelling and 
evaluation



Check us out
https://wiki.canterbury.ac.nz/display/QuakeCore/IP4%3A+Harnessing+Disruptive

+Technologies+for+Earthquake+Resilience

Get involved

n.nair@auckland.ac.nz garry@me.co.nzKevin.wang@auckland.ac.nz Hs.ahn@auckland.ac.nz

IP4 Theme: Disruptive Technologies for 
Distributed Infrastructure and Sensing 
Society through IoT 
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