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Executive summary

Buildings are a major contributor to global energy-
related CO2 emissions. Efforts to achieve net zero
emissions for buildings involve, in part, reducing
overall carbon-based energy consumption and de-
veloping on-site micro-grids. Maximizing the sus-
tainable and financial impacts of these efforts re-
quires a coordination and interaction between the
larger energy grids and buildings. This paper ex-
plains what it takes to make a “grid-interactive build-
ing” or GIB and presents an example architecture.
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Introduction

GIB concept and
its benefits

The World Green Building Council reports that building construction and operation
represents nearly 40% of energy-related CO2 emissions worldwide today and still an
additional 230 billion square meters of new buildings will be constructed over the
next 40 years'. In interpreting this data it’s important to consider that a building ex-
ists within a larger energy system where traditionally energy has been supplied by
electric and other utilities with the building acting passively as an energy consumer.
In considering the pathways to a zero-carbon future, building owners and the indus-
try itself must take a broader systemic approach and rethink the potential for a build-
ing to significantly reduce energy consumption and carbon by becoming an active
participant in that energy system. The shift to full building electrification, renewable
energy microgrids, energy storage, and digitally automated load control gives build-
ing operators the means to act as a prosumer.

A prosumer building produces and consumes energy based on the real-time condi-
tions of the grid and the operational needs of the building and its occupants. A build-
ing that acts as a prosumer is said to be a “grid-interactive” building (GIB). The US
Department of Energy estimates that “... over the next two decades, grid-interactive
buildings (also known as, grid-interactive efficient buildings, or GEBs) could deliver
between $100 and $200 billion in savings to the U.S. power system and cut CO2
emissions by 80 million tons per year by 2030, or 6% of total power sector CO2
emissions.” and similar estimates are anticipated in the rest of the world. These
positive impacts will drive further adoption of building-to-grid technologies and oper-
ational procedures.

In Schneider Electric White Paper 517, “Building-to-Grid Integration for More Effi-
cient, Sustainable, and Resilient Energy Systems”, we gave a high-level introduction
to the building-to-grid, or grid-interactive building, topic and considered the drivers
and key enablers of this evolution. Figure 1 shows a high-level overview. In this fol-
low-up paper, we shift the focus to address what it takes for a building to become
grid interactive. This will include digitalization, as well as the integration and orches-
tration of the various building energy and controls systems to become a GIB.

After a brief review of the grid-interactive buildings concept and their benefits, we
will highlight some of the building energy and control systems that enable improved
decision making and automated responses, and we will detail the necessity of syn-
chronized integration between these internal systems and with the external systems
that similarly automate the grid. Next, we will propose a theoretical architecture and
some implementation guidelines and considerations. We will conclude with a review
of some existing examples of grid-interactive architectures within Schneider Elec-
tric’s own real estate portfolio.

Grid interactive buildings are structures capable of integrating renewable energy
generational sources such as solar arrays, wind turbines, and energy storage sys-
tems into the grid. A key feature in designing these structures is data generation ca-
pabilities, hence, grid interactive buildings rely on digital metering, controls, and loT
sensor systems that generate relevant data. These network-connected technologies
support data processing for decision making and automated controls that are essen-
tial for the continuous operation of building functions in sync with the real-time con-
ditions of the grid. GIBs support grid-scale, efficient operation by employing on-site
distributed energy resources (DER) and curtailable loads. The key to enabling grid
interactivity lies in the interoperability between the building management system

' Beyond the Business Case: why you can't afford not to invest in a sustainable built environment, World
Green Building Council, 2021 BTBC Executive Summary 2021.pdf (worldgbc.org)

2 A National Roadmap for Grid-Interactive Efficient Buildings (Ibl.gov)
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Figure 1

Grid-interactive building
concept

(BMS), microgrid management system (like management systems for solar arrays
and energy storage), and power management systems (or electrical power manage-
ment systems, EPMS). Full, real-time grid interactivity also requires a standardized
exchange of data with grid automation systems like Advanced Distribution Manage-
ment Systems (ADMS) and Distributed Energy Resource Management Systems
(DERMS).
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GIBs support grid services

The grid is under a lot of demand from increased building electrification, EV charg-
ing, urbanization, and innovation. This pressure can be reduced by utilizing buildings
that are capable of flexible load operation. This can be achieved by shedding non-
essential loads during peak consumption or shifting major loads to different times.
This will help reduce demand on the grid and lower building operating costs. Com-
mon industry practices that are employed to reduce the demand on the grid are:

Load Shedding: With energy data from power meters and load Load Shed
controls via the BMS, a grid interactive building can shed its load ¢
from the grid. The building can opt to compensate by using on-
site generation assisted by the microgrid controllers. This helps

Power Demand

Hour of the Day

smooth power peaks and reduce demand on the grid when it is
overloaded. This is done by shedding non-essential loads during times of peak
consumption.

Load Shifting & “time of use” (TOU) contrasts with the above

bullet in that there is a planned schedule that allows the building Load Shift
to use or power major loads at a different time. For example, if ’_L—I—\

Power Demand

there is a predicted demand charge at 9am, a building can
choose to turn on its heating or cooling systems an hour earlier

and allow coasting. This type of use allows a reduction in build- Hourof e Day
ing operating costs by avoiding demand charges or TOU peaks and can help

avoid periods of higher carbon intensity (where real-time carbon intensity data

is available).

Energy arbitrage is possible when we have a time-of-use (TOU) tariff with variable
prices during the day. This is aided by on-site generation systems.

Load flexibility (or demand flexibility) initiatives support the grid by helping to achieve a
reduction in generation costs over the long term. This would be achieved through
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delaying capacity investments, optimizing grid resources, and reducing operation and
maintenance costs for utilities as power generation becomes increasingly decentral-
ized.

GIBs benefit building owners and occupants

In addition to the benefits of GIBs described above, there are applications and asso-
ciated benefits that accrue directly to the building stakeholders such as improving
sustainability.

This diagram (Figure 2) from the Rocky Mountain Institute (RMI) highlights the im-
pacts that Load Flexibility offers to help buildings become more energy efficient and
resilient. By using smart building controls, such as occupancy-based lighting, solar
tempering, thermal enveloping, and optimized energy modeling, buildings can re-
duce their energy use. Adding solar PV to the roof can make the building net-zero
energy or even net-positive. Integrating and coordinating power, building, and mi-
crogrid systems can optimize energy and load across all systems, while still prioritiz-
ing occupant comfort.

Note: This system can be extremely occupant centric, in the sense that it can priori-
tize occupant comfort over energy efficiency or resilience, but it can also prioritize
resiliency and efficiency in the condition where the grid is under extreme stress. The
key is having the right information and the right granularity of control to make in-
formed decisions in real time.

Typical Commercial Energy Efficient Energy Efficient Grid-interactive
Building Building Building with Building with
Solar PV Energy Efficiency,
Solar PV, and
Figure 2 Load Flexibility

Grid-interactive building
load profiles illustrated
by RMI

Energy Demand (kW)

noon noon noon noon

Optimized GIB management

While managing demand response for a building, a GIB’s management systems will
link and coordinate together various data streams including:

e building occupancy levels

e building usage patterns

o status of loads required for critical system operation

e DER production based on sunlight or wind conditions

e weather conditions for load estimations, building energy, and grid demand

These data streams can be used as historical datapoints to create a strong prediction
engine. Additional applications can be added onto this structure to add additional ser-
vices such as tariff arbitrage. For example, building owners can receive incentives for
participating in net metering or demand response programs that are in addition to sav-
ing costs by reducing energy consumption and avoiding high peak charges. This is
usually supported by Microgrid Control Systems.

Integrating Smart Building Control Systems to Enable Grid-Interactive Buildings (GIB) Life Is On Scféneider
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Integrated systems produce data that can be used for Al and Machine Learning al-
gorithms. This creates the potential for improved building automation and control.

The data points required for implementing load flexibility use cases are:

e building energy and load metrics
e open-source data for weather

e solarirradiance

e energy tariffs

e occupancy planning

For a building to become grid flexible, an integration and coordination between 3
Smart COﬂtrOl software management systems (or “smart control systems”) within the building is re-
System quired for full optimization:
Integration

e Electrical Power Management System (EPMS)
e Building Management System (BMS)

e Microgrid Control Systems (MCS), where on-premise renewable energy gener-
ation is present

Electrical Power Management Systems (EPMS)

EPMSs collect, store, and deliver all energy meter data for critical decision making
done by the BMS and MCS. The EPMS includes meters and software. These sys-
tems are used for power quality, power factor, harmonics monitoring, and supports
voltage and frequency regulation. Figure 3 shows an example screenshot of energy
consumption data by location for a Schneider Electric building.

Total Building Consumption BDAa=
§ e
N N
Total Data Center Consumption ¥ B = | Total HYAC Consumption This Year over 2 Years Ago =
Figure 3 P -
EcoStruxure Power S e e e T e T e e e e e e
Monitoring Expert for
building energy map- Total Lighting Consumption ¥ B = Total Lab Consumption nE=
ping, analysis, and A e
estimations g £ o . ' l [ I I I I I I I I
Total Cafeteria/Kitchen Consumption @ B = | Total EV Charging Station Consumption DAa=
g 5.000 g om0

Today, power management software, as shown in Figure 3, is enabled by power
meters that are network connected, which are sometimes called, “smart meters”.
When these meters feed data to EPMS software tools, operational decisions im-
prove to reduce consumption, cost, and emissions. Some smart power meter mod-
els provide the required data outputs needed to participate in TOU and load-shift
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applications. Smart meters can be connected to solar or other DER feeds to meas-
ure and analyze various degrees of data and its impact on carbon emissions.

Power management and data logging are valuable in the scope of developing Al-en-
abled energy optimization engines. Power data integrated natively into the building's
systems unlock key use cases, such as:

e Asset management and Al enabled energy optimization with a live response
variable (e.g.: power consumption)

e Fault/anomaly detection and root cause identification at sub-circuit-level based
on power & building data

Building management systems (BMSs)

BMSs are comprehensive software and hardware-enabled control layers that pro-
vide monitoring and control functions for mechanical and electrical equipment, as
well as providing indoor environmental monitoring and determining the building’s
overall energy footprint. A BMS manages individual systems such as HVAC, lighting,
access control, fire, and security among others. The block diagram below (Figure 4)
is a high-level representation of the hardware, software, and communication proto-
cols that make up a BMS for a Schneider Electric site.

This site’s BMS suite visually represents flexible and controllable HVAC and lighting
installations, zone monitoring and control, and a dense loT network of sensors that

acts as a data resource. These data points represent things like building occupancy
levels, indoor environment quality, lux, decibel levels, people count, people flow, etc.

Figure 5 shows the granularity of zone control on one section of one floor in the
building. This is beneficial in applications that support zero net-energy efforts such
as demand controlled ventilation (DCV)?3, electrified building operation, and flexible
load control. This site also demonstrates (in Figure 6) the BMS’s ability to tap into
its EPMS counterpart and pull data as needed —this avoids replicating and rehousing
all these data points.

3 White Paper 264, “Attributes of an Effective Maintenance Program for Data Center Physical Infrastruc-
ture”
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Figure 4

Building management
system — block diagram
with representation of
zone control

Figure 5

Building management
system — screenshot of
floor plan depicting indi-
vidual zone climate
monitoring and controls
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Figure 6

BMS platform showing
the chilled water system.
The chiller trend data is
imported from the power
management system us-
ing EcoStruxure Web-
Services. A typical ap-
proach uses Modbus
TCP comms protocols.
This image demon-
strates the BMS’s ability
to interface with the
EPMS data captures.
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Microgrid control systems (MCS)

Sometimes known as a microgrid energy management system (MEMS), MCS is also
a software-based management system, with connections to ground controllers that
act as enablers for data and control communication inputs and outputs. It manages
all on-site DER assets. The building or utility operator does not look behind the
scenes at individual PV panels, wind turbines, battery storage units, or EV charging
stations. The Microgrid operating platforms take care of system-level management
and provide information via virtual power plants to and from systems such as the
grid or BMS. The microgrid system by itself can facilitate grid support such as net
metering and demand response. It can work with the BMS as a load to carry out
load shedding, flexibility, TOU, and frequency regulation. Commercial sites can ben-
efit from DER and BMS integrations especially with use cases such as optimal start
and stop of HVAC systems, tariff arbitrage, and demand-controlled energy use.

The block diagram shown in Figure 7 is a high-level representation of a microgrid
control system and their communication protocols. Instead of just acting as an
added power resource, it is interesting to see connections to HVAC systems (by tap-
ping into the BMS) and the utility for the applications mentioned above.
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Figure 7

Block representation of
a DER management
system

Figure 8

Microgrid overview
dashboard for a
Schneider Electric
site
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Schneider Electric’s IntenCity office building in France is an example of a site that is
using active net-metering with the local grid. The site’s DERs, Solar PV and Wind
generate enough power, on most days, to cover the site and with the excess energy
it decides to either charge the battery storage system or deliver power to the local
grid.

Figure 8 shows a live screenshot of the DER facilities and power distribution sys-
tems at a Schneider Electric office:
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In a building with on-site DERSs, grid interactivity can be thought of as ‘the integration
and continuous optimization of DERs for the benefit of building owners and occu-
pants, as well as the grid’.*

Microgrids and distributed energy resources can also be leveraged similarly with Vir-
tual Power Plants to aggregate DERs to help balance the larger grid through the
provision of services such as demand response or frequency regulation. If com-
bined, VPPs and microgrids can optimize buildings and the surrounding grid network
to meet both sustainability and economic goals. For example, VPPs could be

4 https://www.energy.gov/sites/default/files/2019/04/f62/bto-geb-factsheet-41119.pdf
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Conceptual
mapping and

understanding

GIB layouts

Figure 9

Block diagram of in-
teroperability between
necessary systems
showing a theoretical
depiction and electrical
interface between these
systems

created by aggregating multiple microgrids, tapping these fleets for DERs for data to
optimize operations for resiliency and environmental benefits. Microgrids can also
use VPP software to access the grid when they need to supplement their own on-
site power generation.

These typically, independently operated and maintained systems (i.e., the EPMS,
BMS, and MCS) need to have a common data and control layer to begin operating
in conjunction with each other. This integration opens the potential for multiple use
cases, applications, and solutions that were discussed previously. Thus, for a build-
ing to be fully grid-interactive, we need to integrate and coordinate three smart build-
ing control systems: the EPMS, BMS, and the MCS.

This section describes a generic layout that achieves system to system interopera-
bility. While many sites have achieved digitalization, automation, and data-driven op-
eration, the next step to realize the full potential of these efforts lies in interoperabil-
ity/coordination of these management systems.

Mapping of high-level system interfaces and components

Grid power
management

Consumer-side
power management

—i System Interface

Power

Building

Automation

Management

Utility Feed

) Local Distribution System
Point of Common

Coupling

— [pv | [BESS | Building

I £V

A unified system will benefit from connecting with all the right data and communica-
tion modules in a single repository. This repository can be a local or cloud database
and is represented by the “System Interface” in Figure 9. Data sharing between the
siloed systems is essential to carry out GIB applications and critical in several areas
of operation such as power synchronization between them. Figure 9 is a depiction
of this unified system operation. The automation system can represent a
home/building/industry BMS that is connected to a microgrid or any form of DER.
The same goes for the utility management system and associated grid-scale DER
connection. While each system is necessary to oversee monitoring, controls,
maintenance, and core functionality within itself, a GIB will benefit from the presence
of a systems interface to oversee real-time, single-entry data points from each sys-
tem (e.g., energy generated, stored, required, and received).
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Figure 10

Cross-sectional theoreti-
cal layout of different
GIB systems

Within a GIB, building automation expands beyond traditional capabilities to include
automation of on-site generation & storage assets, data, as well as control commu-
nications to and from the grid (or connected community, if part of one), and gather
and digest critical data from third-party sources. These data sources could be en-
ergy prices that is used to carry out time of use (TOU) optimization and tariff arbi-
trage, weather for DER optimization and load flexibility, grid demand and supply ca-
pabilities for automated demand response (ADR) support.

These functions do not require building modules within the BMS to tackle power
management and DER management. This requires connectivity that allows the BMS
to push and pull data and control points between the EPMS and DER systems. To-
day, applications such as demand flexibility and alternate TOU are achievable via
independent building system controls. Although some level of grid-interactivity is
possible with just the BMS, a GIBs value significantly increases with system integra-
tion that provides timely responsiveness and general flexibility.

A key aspect of this integration of control systems is the ecosystem of loT devices,
or “connected products”. These devices may already exist in commercial buildings,
and if not, are a relatively cost-effective investment and can be leveraged into the
GIB vision. Typical connected IoT devices within a building in this sense are:

e occupancy sensors whose data points can be used for electrical load manage-
ment

e room sensors monitoring indoor environment quality such as temperature, hu-
midity, sound, and lighting used for demand-controlled HVAC and lighting sys-
tem operation

e actuators and controllers to support flexible HVAC optimization
e smart meters for power distribution monitoring and control

In addition, innovation in sensor technology has made investments in setting up this
infrastructure easier and more cost effective with non-invasive multi-sensors. GIB
architectures need to be defined by creating and interconnecting ‘Data Technology
Layers’ and ‘Physical Systems’.

| Physical Layer
&
MAXIMISED END TO END 2@, | Data Technology/
PERFORMANCE Communication Layer
Interactive: ul

king for and downstream controls |

it 5 d reliable DER l& Hyper-Efficient V26 or V28
=X~ operation with DSF & ADR integration

Apps &
Analytics

:-\ ‘ Cloud infrastructure ‘ &
RESTful AP\S{

[ connect | collest_[»|contral Jsf anaivze b actions

Edge Control il
'ge Lontro Building Management Electrical Power | Utility

= i .
System/Building Management System ! IEC 61850 Connection

Automation System r odbus, TCR/IP. ' IEEE 2030.5
| DNP3

OpenADR

DER monitoring,
operation & contral

End to end cyl Gateways X

E Panels, Inverters and Charge oy Smart metering - WAGES E
1| Controllers ight, 1
1| Ev Chargers, Load Management ete. B
Connected 1| systems HVAC equipment controllers
Products 1| Battery energy storage systems,
1| Genera tors.

The proposed GIB layout shown in Figure 10 consists of three layers: 1) Connected
Products, 2) Edge Control and 3) Apps & Analytics layer.
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The Connected Products layer resides in the grid-interactive building (GIB) and
consists of two sets of devices: 1. Data sources — these devices deliver data points
for decision making that translate to control algorithms (some examples are defined
above); 2. Controllable equipment — these are HVAC and lighting systems that are
operated by the controllers (fed with control points as stated above).

These connected products give way to an edge operation and control layer that can
act as a medium for gathering, extracting, and controlling the data points. Infor-
mation is communicated to the BAS via open or custom application programming in-
terfaces.

The Edge Control Layer is primarily composed of a BAS/BMS that is centrally su-
pervised by building facility managers. The data layer enables automation in the
form of regular and remote monitoring and controls. It also provides the ability to get
these systems connected to the cloud, unlocking the true potential of 10T, big data
and Al. It can enable this automation with scripts, schedules, and Al applications.
The GIB Apps & Analytics layer will perform advanced data analytics using data-
driven machine learning (ML) algorithms to provide actionable intelligence to build-
ing facility managers in the form of optimal HVAC set points, minimum air flow rates,
control schemes and load forecasts as well as energy efficiency and load-shedding
and shifting opportunities, based on internal and external data point analyses. The
recommendations will ensure occupant preference and comfort is always maintained
while meeting the global optimums.

The Apps & Analytics Layer can also host aggregator agents (software) for various
applications. For example: an interaction with the grid operator for dispatching real
(P) and reactive (Q) power from the GIBs and synergistic DERs as well as provide
the ancillary grid services. All information exchange between the Supervisory and
Control Layers as well as from Cloud resources will be via application programming
interfaces (APIs; in this case, RESTful APIs).

Such information exchange functionality is now present in many connected products
such a smart thermostat. Some water heaters use the CTA-2045 communication in-
terface standard for these applications. These are examples of direct building mod-
ule to grid connections for the benefit of flexible load operation.

Maximizing the full effect of the entire Data Technology layer might require upgrades
to existing physical systems. For example, state of the art sensing and control capa-
bilities for HYAC and lighting systems provide opportunities for hourly load manage-
ment, improved control flexibility based on zone occupancy, CO2 levels, tempera-
ture distribution, occupant feedback, etc. Strategies such as pre-cooling/pre-heating
a building space, coasting through a period or shift in HYAC TOU can take data
points for occupant comfort into the decisional making structure too.

A GIB will benefit from being able to provide more sensor data points than a tradi-
tional building. Any data point that might have a direct load flexibility impact should
be considered essential while architecting the system. Examples are occupancy, lux
levels, thermostats, humidity, air quality and pressure monitoring for every controlla-
ble zone.

The connection to the grid, or more specifically a network or independent system
operator can be at the Edge or Analytics layer. We need to keep in mind that this
connection involved an active two-way power flow and communication stream for
data and controls.

Schneider Electric’s sites use Machine Learning algorithms for forecasting site gen-

eration and consumption along with estimated emissions reductions. With available
data streams from the BMS, EPMS, and MCS can create an intelligent analytics
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engine that supports energy, cost, and carbon impact minimization. The Schneider
Electric building draws load data from the EPMS and understands building needs to
send decisions on DER management back to the BMS. This analytics layer com-
prises of active forecasting models for: Building loads, Energy Tariffs and Indoor and
Outdoor Temperatures.
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We need to maximize the benefits of an Apps & Analytics layer that houses the pre-
viously independent operating systems to achieve further optimization of building
and GIB systemic operation.

The benefits of tightly integrating power management and DER management into
the building management (at the edge and in the cloud) as above will help you:

e accomplish sustainability goals (energy management)

e maximize resiliency (including fault-detection and resolution in both mechani-
cal and power domains)

e be hyper-efficient with operations and maintenance via more intelligent auto-
mation (Edge control systems) and analytics for enhanced decision support
and predictive maintenance (Apps & Analytics layers)

e do all of this without compromising on occupancy safety and comfort

The integration above should also carry a User Interface with the GIB which can be
in various forms and for various applications such as Human interference, Human-
Machine interactions, and even just informative displays.

COﬂClUSion Grid interactive buildings (GIBs) are designed to integrate renewable energy gener-
ation sources into the grid, and rely on data generation capabilities, digital metering,
controls, and loT sensor systems to process data for decision making and auto-
mated controls. GIBs support grid-scale efficient operation by employing on-site dis-
tributed energy resources (DER) and curtailable loads, and require interoperability
between the building management system, microgrid management system, and
power management systems for real-time grid interactivity.

GIBs can reduce the pressure on the grid from increased building electrification, EV
charging, urbanization, and innovation by shedding non-essential loads during peak
consumption or shifting major loads to different times. This helps reduce demand on
the grid, lower building operating costs, and supports load flexibility initiatives that
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help achieve a reduction in generation costs over the long term. GIBs also offer di-
rect benefits to building stakeholders such as improved sustainability, occupant
comfort, and energy efficiency by using smart building controls, solar PV, and coor-
dinated power, building, and microgrid systems.

Maximizing the energy efficiency and sustainability benefits of grid-interactive build-
ings requires an integration and coordination of the building’s BMS, EPMS, and
MCS. This paper explains this integration and coordination and shows some high-
level architectures for how this can be accomplished today.
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