
The Great East Japan earthquake caused a major damage to many of public infrastructures including Wastewater treatment plants (WWTP) in Fukushima prefecture. 
Following the nuclear disaster, which lead to shortage of energy, government of Japan enacted new policy measures to redefine its energy mix. 
To meet this requirement, Japan needs to restructure its current electricity consumption by identifying the optimal demand of electricity by households, commercial, and 
public sectors. In addition, it is necessary to promote further energy conservation including operation management from monitoring results.
To support the policy of toward conservation of energy, we outline the energy demand of a WWTP, one of a public facility, in Fukushima Prefecture, Japan, and based on 
the data obtained using an innovative information and communication technology (ICT) tool. Using the monitored data, we further predict the electricity demand for each 
process of the WWTP using Markov switching models.

Introduction & Background 
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Process Sensor number
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Sludge treatment 1

Ancillary Facility 1

Total 1

Monitoring Target
Shinchi WWTP
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Sewage pipe system Separate type
Maximum Treatment Capacity 2600m3/day
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➢Setting Arbitrary mode, Estimate prediction electricity demand model of each 
mode & each mode probability. Output is estimated by Integrating these result.

Mode 1 Probability𝑷 𝜽𝟏
𝑷 𝜽𝟐

Estimation Probability

Output
𝑷 𝜽𝟏 × 𝒀 𝑿 𝜽𝟏

+ 𝑷 𝜽𝟐 × 𝒀 𝑿 𝜽𝟐
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Prediction model mode1 Prediction model mode2

Combining by mode probability

Estimate the probability of mode 
at each time with EM algorithm

There is also 
coexists probability 
when mode changes

If mode 1･･･

Auto-regression model

Mode 2 Probability

If mode 2･･･
𝒀 𝑿 𝜽𝟐 = 𝒇𝟐(𝑿)

𝒀 𝑿 𝜽𝟏 = 𝒇𝟏(𝑿)
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Monitoring Result

Markov modeling Result

➢ In long term, Electricity consumption is 

stable. In generally, 30 ~ 80 kWh/hour 

consumption are monitored.

➢In Peak, Increasing about 20 kWh/hour. 

(Sludge Treatment operation time)

➢ Non sludge treatment day, about 50 ~ 

60kWh/hour.

➢ Recently, increasing by population increase 

Obtained

Prediction

Mode
Probability

Mode1 (Stable) Mode2 (High)

Mode3 (Down)

WT: Water Treatment; ST: Sludge Treatment;  
AF: Ancillary Facility; O: others 

➢These models have over 0.8 R2 value.
➢These models could predict on peak at each

day & time-series variation.
➢Because estimate State variables (mode),

electricity demand mode & change could be
estimated & visualized

➢In Water Treatment, all of state could be
increased demand by temperature increasing

ST AF O

WT ST AF O
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Correlation between state & operation 
Result & Discussion
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BOD removal [%] Excess sludge Pump use time [h/month]

y = 0.0842x + 0.3663
R² = 0.66
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➢BOD removal & Excess sludge Pump had relationship 
among State variables
➢If BOD removal is high, Increasing High mode
➢Excess sludge Pump has Negative between high mode 

WT and Positive between high mode ST

※BOD：Index of water pollution (River etc.)

➢ Monitored each process hourly electricity consumption data
➢ Development model include Mode estimation & High repeatability
➢ Some Process data & Mode probability have correlation ship

Conclusion
➢ We could predict Future Electricity Consumption
➢ We demonstrated relationship Water Treatment Process & 

Electricity Consumption data and Mode

Energy Monitoring and Modelling Energy demand by Markov Switching model for 

Operation Data Fusion; Case Study of a Wastewater Treatment Plant in Fukushima
Seiya MAKI1, Remi CHANDRAN1, Minoru FUJII1, Tsuyoshi FUJITA1, Yasushi SHIRAISHI1, Shuichi ASHINA1, Norio YABE2

1 National Institute for Environmental Studies, Japan 2 Fujitsu Ltd. 

Correlation analysis 
Inductive & Deductive
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Process estimation

Inductive: HMM type modeling

Deductive: Process modeling
➢Solving inverse 
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Development  models with high reproducibility can 
be constructed by mode estimation
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