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F E A T U R E D  A R T I C L E S Solutions for Resilient Management in Industry

1. Introduction

Eff orts to curb the increasing severity of climate change 

have been growing, including an agreement to limit global 

warming to 1.5°C above pre-industrial levels by 2030, 

adopted at the 26th United Nations (UN) Climate Change 

Conference of the Parties (COP26)(1) held in Glasgow, UK 

from October to November, 2021. At the same time, along-

side the adoption by national governments of policies aimed 

at achieving carbon neutrality by 2050, there are also rising 

expectations for voluntary action by society as a whole.

In Japan, the Fifth Strategic Energy Plan(2) was approved 

by the Cabinet in July 2018, in advance of COP26. Th e 

Sixth Strategic Energy Plan is now being formulated and 

includes the objectives of reducing emissions of greenhouse 

gases by 46% from 2013 levels by 2030 and achieving car-

bon neutrality by 2050.

Meanwhile, if companies are to live up to these soci-

etal expectations, they will need to make the transition 

to carbon neutrality not only in their own operations, but 

also across their entire supply chains. Th is article describes 

energy management systems that help to overcome the 

challenges associated with achieving carbon neutrality 

within individual companies.

2. Challenges Associated with 
Achieving Carbon Neutrality

Th ere are four diff erent approaches that can be taken to 

achieving carbon neutrality. Th ese are energy saving to 

reduce energy use at companies, energy production whereby 

companies generate their own carbon-free renewable energy, 

procurement of carbon-free renewable energy, and off set-

ting carbon emissions. Achieving carbon neutrality requires 

a sensible mix of these diff erent approaches (see Figure 1).

Among these diff erent approaches, energy saving is par-

ticularly important and warrants a high priority because, 

along with reducing the cost of implementing the other 

measures, it also frees up resources for doing so. At compa-

nies that have already put a lot of eff ort into energy saving, 

on the other hand, the issue that deserves prompt attention 

is when and how to install or purchase carbon-free energy.

Meanwhile, given the variability of renewable energy, the 

risk of imbalances in the supply and demand for electric 
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power is rising. While renewable energy will need to 

become a major form of grid-connected electricity genera-

tion if society is to become carbon neutral, this will make 

the risk of imbalances in electricity supply and demand 

even higher than it already is, posing a challenge for society 

relating to the maintenance of grid stability.

3. How Energy Management 
Systems Can Help

3. 1
Achieving more Intensive Energy Saving

Energy management in the past has often been no more 

than a tool for providing insight into what is happening 

or for investigating diff erent ways of doing things, with 

the benefi ts only coming from work being put in on the 

ground. To achieve more intensive energy savings, however, 

the scope of these systems is increasingly being extended 

to include control, combining demand prediction and opti-

mization techniques to also help implement such measures 

and reap their benefi ts.

3. 2
Maximizing Use of Energy Production and Optimizing 
Renewable Energy Procurement

Th ere is a need to make energy management systems more 

sophisticated by combining the demand prediction and 

optimization techniques mentioned above with informa-

tion such as renewable energy generation predictions and 

electricity market prices. As well as making full use of all 

renewable energy produced and avoiding curtailment, such 

systems can also be used to minimize the cost of purchased 

renewable energy.

3. 3
Providing Balancing Capacity Needed for Renewable 
Energy to Play a Large Role in Electricity Supply

An electricity balancing market was established in Japan in 

April 2021 to provide the adjustment capabilities (balancing 

capacity) needed for frequency control on electricity trans-

mission and distribution networks and to balance supply and 

demand(3). Th is provides a mechanism for the grid-level pro-

curement and operation of balancing capacity across multiple 

areas and a market for buying and selling demand response 

capacity in order to reduce balancing costs by promoting 

transparency and competition based on market principles. 

Th e establishment of this market has made it easier to cope 

with the fl uctuating output of renewable energy.

While the output of renewable energy varies depend-

ing on weather conditions, the market allows the electricity 

transmission and distribution system to maintain grid sta-

bility by acquiring balancing capacity from electricity users 

in real time. As well as giving users the opportunity to play 

their part in addressing societal challenges, the provision of 

balancing capacity also generates revenue that users can rein-

vest in carbon neutrality. Th at is, whereas they would have 

received no compensation in the past, the market now allows 

users to sell whatever balancing capacity they have available.

4. EMilia Integrated Management 
System for Energy and Equipment

4. 1
System Overview

One system for achieving carbon neutrality as described 

above is the EMilia integrated management system for 

energy and equipment(4) that Hitachi has been supplying 

since 2017 (see Figure 2). To date, Hitachi has installed 

community energy management systems (CEMSs), factory 

energy management systems (FEMSs), and building energy 

management systems (BEMSs) (see Figure 3).

EMilia has functions that go beyond visualization, it 

is also equipped with functions for more intensive energy 

savings. In addition to demand prediction linked to the 

weather and production scheduling, it also incorporates an 

optimal operational planning function for minimizing costs 

and carbon dioxide (CO2) emissions that can control the 

operation of utility supply equipment and provide feedback 

to production scheduling.

4. 2
More Intensive Energy Savings Achieved by Optimal 
Operational Planning and Control with Maximum 
Utilization of Energy Production

When it comes to achieving carbon neutrality, there will 

likely be a limit to how much can be accomplished by past 
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Figure 1 — Ways of Achieving Carbon Neutrality
Achieving carbon neutrality will require a sensible mix of four diff erent 
approaches.
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approaches to energy management that targeted energy 

savings made by eliminating waste and ineffi  ciency.

EMilia, on the other hand, can maximize benefi ts by 

delivering more intensive energy saving, cost savings, and 

full utilization of energy production through the seamless 

integration of control with optimal operational planning 

based on ever-changing external circumstances (including 

energy prices and CO2 pricing and emission factors), energy 

demand, and the operational constraints and performance 

characteristics of utilities (see Figure 4).

EMilia is able to address more complex customer chal-

lenges because it combines the relevant functions in a single 

system in a way that best suits customer requirements. Th ese 

include demand prediction for heat and power, calculation 

of how best to use equipment, and the scheduling and 

control of equipment operation.
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Figure 2 — Overview of EMilia
EMilia connects to various equipment at a site to support the optimal operation of energy and equipment.
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Figure 3 — EMilia Use Cases and 
Features
EMilia is suitable for a variety of use 
cases and supports the optimal opera-
tion of energy and equipment.
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4. 3
Functions for the Balancing Market

EMilia continues to evolve. An upgrade in FY2021 added 

functions for the balancing market to better serve customer 

needs and facilitate the transition to renewable energy as 

a leading source of electricity generation(5) (see Figure 5).

Aggregation coordinators (ACs) participate in the bal-

ancing market by bundling the balancing capacity (demand 

response) that can be provided by the resource aggregators 

(RAs) they represent. Th ey off er this capacity on the market 

and, once a contract is agreed, determine how much each 

RA will adjust their electricity demand to meet balancing 

requests as they come in. Th e RAs, for their part, determine 

how much balancing capacity they can off er in each time 

period and inform the ACs of this at the bidding stage. 

When a contract is in eff ect, the RAs control their electrical 

loads to provide the amount of balancing capacity requested 

by the ACs. Th e ACs and RAs earn incentives for the bal-

ancing capacity they supply but must pay penalties for any 

failure to deliver on their capacity commitments.

EMilia supports the OpenADR 2.0b protocol for system 

interoperation with ACs and provides the following func-

tions for the balancing market.

(1) Calculation of following-day balancing capacity 

availability

Th is function uses the results of demand prediction 

and optimal operation planning to calculate how much 

balancing capacity can be provided by adjusting equip-

ment operation.

(2) Prioritization of balancing capacity dispatch and support 

for determining available capacity

When providing balancing capacity, it is necessary to 

consider the potential for higher costs that will arise as a 

consequence of operating equipment in a way that deviates 

from the optimal. In the case of battery storage, for example, 

additional costs arise from the electric power that is lost 

during battery charging and discharging. Similarly with 

cogeneration systems, increasing output to provide bal-

ancing capacity will also bring higher costs because of the 

increased fuel consumption and in some cases may result 

in excess heat going to waste.

EMilia runs simulations of the various cost increases 

associated with providing balancing capacity and calculates 

the price level at which doing so becomes uneconomic, 

assuming that the lowest cost capacity will be used fi rst. It 

also provides support for determining the available balanc-

ing capacity when bidding on the market (see top part of 

Figure 6).

(3) Control during time periods when balancing requests 

are received

Th e system issues control commands based on the above 

capacity dispatch prioritization.

(4) Function for managing balancing capacity

Th is function manages the provision of balancing 

capacity during time periods when balancing requests are 
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Figure 4 — Energy Saving by Means of Optimal Operations Planning and Control
The aim is to make energy savings by formulating an optimal operations plan and controlling equipment accordingly.
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received and performs control in a way that minimizes any 

deviations (see bottom part of Figure 6). Th is is done by 

outputting control corrections that are calculated to keep 

the predicted usage of electric power from the grid to within 

±10% of the target, taking account of the requested balanc-

ing capacity. If unable to remain within this band using 

existing equipment, commands are issued to deploy further 

capacity in accordance with the predetermined priorities.

4. 4
Support for Calculating Carbon Footprints

Th ings like the certifi cation of carbon-free status and the 

calculation of carbon footprints require that the quantity of 

CO2 consumed or emitted in a production process be deter-

mined and that this quantity be linked to operational data.

To meet these customer requirements, EMilia intercon-

nects with external systems to link the time-series data 
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An upgrade in FY2021 added functions for the 
balancing market to better serve customer needs 
and facilitate the transition to renewable energy 
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it collects on energy consumption in production to the 

operational data held by the manufacturing execution sys-

tem (MES) or other plant systems. By doing so, it is able to 

facilitate the calculation of carbon footprints by estimating 

how much energy is consumed on a per-product or per-part 

basis (see Figure 7).

Th ere is growing demand from customers wanting to use 

carbon footprint information in their disclosures to stake-

holders or as a way to identify potential improvements. As the 

need for energy management is only expected to increase in 

the future, it is anticipated that these systems will become an 

integral part of the management infrastructure at companies.

5. Conclusions

Th is article has described how energy management sys-

tems can help customers in their eff orts to achieve carbon 

neutrality. Achieving carbon neutrality is an urgent task for 

companies and it is something that needs to be addressed 

as part of business continuity.

Th rough the supply of its various solutions, Hitachi 

intends to continue its support for resilient businesses and 

sustainable growth by meeting the challenges that arise from 

the changing business circumstances faced by customers.
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