
HEMS  Solution
(Home Energy Management Systems) 

White Paper

HEMS

GOODWE TECHNOLOGIES CO.,LTD.



01. Introduction 03

02. HEMS Architecture 05

03. GoodWe HEMS Solution 06

04. Conclusion 11

CONTENTS

02

HEMS (Home Energy Management Systems) Solution 



HEMS (Home Energy Management Systems) Solution 

03

01. Introduction 

Home energy management systems (HEMS) play a more and more important role in the modern era of the smart grid and 

smart homes. Households, individually, make a significant impact on global energy use, representing 27.9% of final energy 

consumption in the EU[1]. For household consumers in the EU, electricity prices per KWh increased by 69% between 2021 and 

2022 due to spiking fossil fuels prices[2]. Though showing some decline in recent years, they remain relatively high compared 

to the global average. 

In addition to cost factors, the following trends are prevalent in the residential energy market:

Electrification of home loads
All utilities now are shifting towards cleaner power sources by using electricity for home loads, especially with the 

adoption of electric vehicles (EVs) and heat pumps. This shift significantly increases electricity consumption as 

EVs and heat pumps are "heavy loads".

Dynamic tariff   
In order to balance the demand and supply curve without shutting down costly peaker power plants, some utilities 

are now shifting from fixed residential tariff to dynamic tariff (time-varying rates). In directive 2019/994[3], the 

European Union mandates member states to ensure all consumers can participate in the energy market with 

dynamic tariff. 

Other 3.6%

Households 27.9%

Services 13.8% Transport 29.2%

Industry 25.6%

Final energy consumption by sector, EU, 2021
(% of total, based on terajoules)

Fig. 1: Final energy consumption by sector, EU, 2021[1]
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In this context, HEMS emerge as essential tools, providing users with the means to effectively monitor, regulate, and optimize 

their energy consumption. HEMS provide insights into energy generation, storage, and consumption, aligning these process-

es with considerations such as self-generated energy availability and prevailing market rates. The main value that HEMS 

provides include:

This paper delves into the transformative potential of HEMS, elucidating its mechanisms, benefits, and pivotal role in ushering 

homes into the forefront of the energy revolution.

04

Improve the gird stability   
The increasing proportion of renewable energy and electrification of home loads poses a risk to the stability of the 

electrical grid. Balancing grid supply and demand is becoming more challenging, as shown in Figure 2.
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Fig. 2: The electricity duck curve[4]
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02.HEMS Architecture

A home energy management system is defined as a system consisting of sensors within home devices via network. To 

achieve better and more precise management, a HEMS requires the following typical parts:

Central Controller that complements the given objectives and meets user-defined specifications by processing usage data, provid-

ing optimization strategies, and forecasting uncertainties.
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Communication between central controller, server and each energy device. And user interface that allows the provision of an 

interface between users and all devices.

Smart home applications equipped with intelligent control and communication modules such as electric vehicles and heat pumps. 

Or conventional appliances equipped with additional smart control unit like smart plugs.

Energy generation and storage system that includes PV panels, Inverter and Battery.

Measuring devices such as Smart meters that can measure the current, voltage or irradiation.
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Smart Plug
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Energy Flow

Information Flow

HEMS Center
Controller

EV Charger

Fig. 3: HEMS Architecture
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03.GoodWe HEMS Solution

As a world-leading smart energy solution provider with PV inverters and energy storage solutions as the core, GoodWe sees 

HEMS value chain as a natural extension of its current activities. By integrating multiple communication protocols in the 

products, GoodWe provides the flexibility for integrating the third-party service developer to create a HEMS solution in a local 

way. In addition, GoodWe also provides a flexible Open-Api access, allowing the EMS service providers to access the 

GoodWe cloud and realize the control of the devices, providing both raw data and processed data forwarding, as well as a 

control interface.
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Fig. 4: The HEMS Access Method
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However, with technology continuing its rapid evolution, akin to the trend observed in recent years, HEMS are projected to 

advance through various stages of maturity. Certain service providers have become notably more sophisticated, players such 

as gridX (Germany), Kiwi Grid (Germany), Smart Fox (Austria), Lifepowr (Belgium) are the forefront of driving the transition 

towards intelligent HEMS solutions. 

The creation of long-term value of GoodWe HEMS solution with Third-Party is to be achieved through the empowerment of 

flexibility, complemented by the incremental value brought about by energy trading and the avoidance of imbalance costs. We 

believe the following 4 attributes are best suited to fulfill the market demands:

Maximizing the utilization of self-generated power to supply the remaining assets within the household, thereby 

reducing both costs and emissions.  

1. Energy & Cost Saving (Self consumption & Load Management)
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Fig. 5: GoodWe HEMS Solution with 3rd party

Fig. 6: Maximizing the self-consumption by HEMS
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In a residential energy storage system, HEMS can shift the power consumption time of heating and EVs to when the sun is 

sufficient and store the excess PV power in the battery. Ideally, the entire household’s power supply could be fully provided by 

renewable energy.  

Taking the household load operation from April 9 to 14, 2024 as an example, the following figure shows the optimization logic 

and results of the HEMS solution, which consist of GoodWe ET10K+20kWh hybrid system and 3rd party EMS gateway. 
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Fig. 7: Concept of HEMS dealing with dynamic tariff

Shifting the use of high-power loads and charging the battery when electricity prices are low. Discharging the 

battery to supply the power and sell excess power when prices are high.

2. Revenue stacking (Dynamic tariff & Load management)
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Compared to a traditional energy storage system, adopting the HEMS solution results in savings of 5.16€ in electricity costs 

and generates 15.5€ in revenue over a 6 days period.
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Fig. 8: Logic and effect by adopting HEMS with dynamic tariff

Fig. 9: Virtual Power Plant

Aggregating and monetizing the flexibility of multiple energy assets to participate in wholesale markets or support 

TSOs to keep the grid balanced (e.g., frequency containment reserves and automatic frequency restoration 

reserves).

3. Grid Balancing
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Fig. 10: Imbalance market

The Imbalance price reflects a marginal price of balancing energy supply and demand, which typically carries a 

higher price and variation compared to the retail market. Through the utilization of flexibility inherent in their HEMS 

customer base, Transmission System Operators (TSOs) have the potential to alleviate a portion of these imbalance 

costs and generate the revenue.

4. Imbalance cost avoidance
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04.Conclusion

In today's dynamic energy market, households face frequent and unpredictable price fluctuations while 

witnessing a rise in electricity-dependent assets such as electric vehicles (EVs) and heat pumps. While 

some households have started generating their own energy to reduce reliance on external sources, there 

remains untapped potential for optimization through the analysis of consumption patterns and the utiliza-

tion of advanced data systems. GoodWe's HEMS solution offers homeowners and utilities the opportunity 

to engage in environmentally responsible energy practices, leading to cost and energy savings. As we 

move forward, the evolution of HEMS will continue to empower households to actively manage their 

energy usage, contributing to a more sustainable and resilient energy future.

11



HEMS (Home Energy Management Systems) Solution 

gridX



HEMS (Home Energy Management Systems) Solution 



HEMS (Home Energy Management Systems) Solution 

[1] Energy consumption in households - Statistics Explained (europa.eu)
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