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ABSTRACT

In the ever-evolving landscape of modern web development, component
reusability plays a critical role in enhancing productivity, maintainability, and
scalability. With the rise of diverse front-end frameworks like Angular, React,
and Vue, the challenge of ensuring seamless interoperability across these
frameworks has become increasingly important. This article explores the
concept of Angular Elements, a powerful feature introduced in Angular, which
enables the creation of reusable, framework-agnostic web components.
Angular Elements allow Angular components to be packaged as custom
elements that can be used across various frameworks and platforms, unlocking
new opportunities for cross-framework collaboration. By delving into the core
principles behind Angular Elements, this article highlights how they facilitate
the development of interoperable, reusable components that promote
consistency and reduce duplication in large-scale applications. Through
practical examples and use cases, we will demonstrate how Angular Elements
can bridge the gap between different ecosystems, enhance developer
workflows, and future-proof web applications. Finally, the article discusses the
challenges and best practices for leveraging Angular Elements in real-world
scenarios, providing a comprehensive understanding of their potential to
redefine component reusability in the modern web development landscape.
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1. INTRODUCTION

In today's fast-paced web development ecosystem,
developers often work with multiple frameworks and
libraries to build complex and feature-rich applications. As
the landscape continues to diversify with tools like Angular,
React, and Vue, one of the significant challenges developers
face is ensuring that components can be easily reused across
different frameworks. Component reuse is crucial for
maintaining consistency, reducing development time, and
minimizing duplication of effort. However, most front-end
frameworks are designed to work in isolation, making it
difficult to share and integrate components seamlessly
across different environments.

Angular Elements addresses this issue by providing a
solution for creating reusable, framework-agnostic web
components. Angular Elements enables Angular components
to be packaged as custom elements (also known as Web
Components), which can be used across different
frameworks and platforms. This revolutionary approach
allows developers to build components that work not only
within Angular applications but also in React, Vue, or even
vanilla JavaScript applications, without having to rewrite or
reimplement them.

The importance of reusability cannot be overstated in
modern web applications. Reusable components contribute
to scalability, as they allow teams to quickly build and scale
applications with a consistent set of tools. They also enhance
maintainability by reducing redundancy and ensuring that

updates to a component are reflected across all instances.
From a productivity standpoint, reusability minimizes the
time spent on repetitive tasks, allowing developers to focus
on more valuable work, such as adding new features and
improving user experiences.

This article will explore the role of Angular Elements in
fostering cross-framework collaboration and reusability. We
will begin by introducing the challenges associated with
component reuse and how Angular Elements provide a
solution. Then, we will delve into practical use cases,
technical implementation, and best practices for leveraging
Angular Elements effectively. By the end of this article,
readers will have a comprehensive understanding of how
Angular Elements can simplify component sharing across
different frameworks, improving scalability, maintainability,
and overall development efficiency.

2. The Problem with Cross-Framework Reusability
As modern web development has evolved, the adoption of
different front-end frameworks has grown exponentially.
Angular, React, Vue, and other frameworks have become
popular choices for building complex, interactive web
applications. However, this diversity has introduced
significant challenges when it comes to reusing components
across frameworks. These challenges stem from the inherent
differences in how each framework handles component
architecture, data binding, lifecycle management, and other
core concepts.
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Challenges in Reusing Components Across Frameworks

1. Differencesin Component Architectures: Each front-
end framework has its own approach to defining and
managing components. For example, Angular uses a
class-based component structure with decorators like
@Component to define behavior, while React utilizes a
function or class-based component system with JSX for
templates. Vue, on the other hand, uses a more flexible,
template-driven approach with a single-file component
format. These architectural differences make it difficult
to directly reuse a component built in one framework in
another framework.

2. Data Binding Mechanisms: Another challenge arises
from the varying data-binding mechanisms used by
these frameworks. Angular relies heavily on two-way
data binding, allowing automatic synchronization of
model and view. React uses one-way data binding,
where data flows from the parent component to the
child component via props, and state is handled within
the component. Vue offers a combination of both,
supporting two-way data binding with the v-model
directive while using one-way data flow for more
control. These differences make it difficult for
components to behave consistently when moved from
one framework to another.

3. Component Lifecycle Differences: The lifecycle
methods for components vary greatly between
frameworks. Angular’s lifecycle hooks like ngOnInitand
ngOnChanges are specific to Angular's architecture.
React, however, uses lifecycle ~methods like
componentDidMount and componentDidUpdate, which
differ in timing and behavior. Vue also has its own
lifecycle methods, such as created and mounted. These
differences can create confusion and inconsistencies
when trying to integrate components across
frameworks, as each framework expects components to
behave in a specific way within its lifecycle.

4. Complexity of Integration: Integrating a component
designed for one framework into another can be an
extremely complex and error-prone process. To reuse
an Angular component in a React or Vue app, for
example, developers would have to rewrite parts of the
component or adapt it to fit the target framework's
expectations. This often involves a significant amount of
code duplication and increases the maintenance
overhead, as updates need to be manually propagated
across different implementations. The process may also
involve handling issues related to style encapsulation,
dependency injection, and event handling, which differ
between frameworks.

Need for a Common Solution

Given these challenges, there is a pressing need for a
common solution that can bridge the gaps between different
frameworks and enable the seamless reuse of components.
Ideally, this solution would allow developers to create
components that are framework-agnosticand can be used in
any modern web application, regardless of the framework
being used. Such a solution would not only save time and
effort in development but also streamline the maintenance
process by ensuring that updates and bug fixes to a
component are automatically reflected across all instances,
regardless of the framework in use.

This is where Angular Elements comes into play. By
enabling Angular components to be packaged as custom

elements (a native web standard for creating reusable Ul
components), Angular Elements provide a framework-
agnostic approach to component reuse. These custom
elements can be used in any JavaScript-based framework,
including Angular, React, and Vue, solving the problem of
cross-framework reusability and making it possible to
leverage a single component across multiple frameworks
without modification.

Through this solution, the web development community can
overcome  the  difficulties of  cross-framework
interoperability, enabling a new era of component
reusability that maximizes both development efficiency and
the maintainability of complex applications.

3. Introduction to Angular Elements

Angular Elements is a powerful feature introduced in
Angular that allows developers to create reusable and
encapsulated Angular components, which can be packaged
and used as custom elements (also known as Web
Components). These custom elements are based on the
Web Components specification, a set of standards that
provide a way to create reusable, framework-agnostic Ul
components that can be used across any modern JavaScript
framework or even in vanilla HTML applications.

The primary purpose of Angular Elements is to break the
traditional boundaries of Angular’s ecosystem, enabling
Angular components to function seamlessly outside of
Angular applications. This means developers can use
Angular-built components in non-Angular applications or
share them Dbetween projects built with different
frameworks, such as React, Vue, or Svelte. By turning
Angular components into custom elements, Angular
Elements fosters a new level of interoperability and
flexibility in front-end development.

Key Features of Angular Elements

1. Standardized Format (Custom Elements Based on
the Web Components Specification): At its core,
Angular Elements allows Angular components to be
transformed into custom elements, which are a
standardized form of web components defined by the
Web Components specification. This specification
ensures that the resulting custom elements are natively
supported by all modern browsers without the need for
additional libraries or frameworks. Custom elements are
self-contained, reusable, and encapsulate both the
structure and behavior of the component, which makes
them highly portable across different environments.

2. Compatibility with Any Modern Web Framework:
One of the most significant advantages of Angular
Elements is that the resulting custom elements are
framework-agnostic. This means that once an Angular
component is converted into a custom element, it can be
used in any modern web framework—whether it’s
React, Vue, Svelte, or even plain JavaScript. Since custom
elements adhere to a standardized API, they can be
incorporated into projects built with different
frameworks with minimal configuration. This
compatibility reduces the friction between ecosystems,
making it easier to share components across different
frameworks.

For instance, an Angular component that displays a
dynamic chart or a custom form control can be packaged
as a custom element and then reused in a React or Vue
application without having to rewrite the component for
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each respective framework. This reusability accelerates
development cycles and fosters a more collaborative
and modular approach to building complex web
applications.

3. How Angular Elements Bridge the Gap Between
Angular and Other Frameworks: Traditionally,
components built in Angular were isolated within
Angular applications, requiring significant effort to
integrate them into other frameworks. Angular
Elements solves this problem by enabling Angular
components to be packaged into custom elements that
can function independently of Angular’s dependency
injection system, change detection, or lifecycle hooks.
Once packaged, these custom elements can be used as
native HTML elements in any web application,
regardless of the underlying framework.

This means that developers working with React, Vue, or
other non-Angular frameworks no longer need to
rewrite Angular components for their projects. Instead,
they can simply import and use the Angular component
as a custom element, enjoying the benefits of Angular’s
powerful features (like forms, routing, and reactive
programming) without being tied to Angular’s
framework-specific constraints. This interoperability
ensures that organizations using multiple frameworks in
their tech stack can still share and reuse Ul components
across teams and projects, leading to more efficient
development processes and reducing redundancy.

In summary, Angular Elements is a game-changing feature
that enables Angular components to transcend framework
boundaries. By leveraging the Web Components
specification, Angular Elements allows developers to create
reusable, framework-agnostic components that can be
shared across different web frameworks, making it easier to
integrate Angular components into diverse ecosystems while
maintaining the benefits of Angular’s robust feature set. This
capability unlocks new opportunities for cross-framework
collaboration, promoting a more modular and flexible
approach to building modern web applications.

4. The Web Components Standard: Enabling Cross-
Framework Reusability

The Web Components standard, established by the World
Wide Web Consortium (W3C), provides a set of
technologies that enable developers to create reusable,
encapsulated components that can work seamlessly across
different web frameworks and even in vanilla HTML
applications. These components are designed to be
framework-agnostic, meaning they are independent of the
underlying JavaScript framework or library being used. This
standard facilitates cross-framework reusability, allowing
components to be shared and used across multiple
environments without modification.

Web Components consist of three core technologies that
define their functionality and enable interoperability:

Core Features of Web Components

1. Custom Elements: Custom HTML Tags Custom
Elements are the cornerstone of the Web Components
specification. They allow developers to define new
HTML tags with custom functionality. These tags are
then used like any other HTML element, but with their
own defined behavior and structure. Once a Custom
Element is defined, it can be instantiated in the HTML

markup just like a standard HTML element (e.g., <my-
button></my-button>).

Custom Elements are the primary building blocks of
reusable components. They offer a standardized way to
create rich Ul elements that can be used across any web
application, regardless of the underlying framework.
This enables developers to encapsulate complex Ul logic
and functionality into a single, reusable unit that can be
integrated with any modern JavaScript framework,
including React, Vue, or Angular, or even in plain HTML
applications.

2. Shadow DOM: Encapsulation of Styles and Behavior The
Shadow DOM provides a mechanism for encapsulating
the internal structure and style of a component,
preventing external styles and scripts from affecting the
component and vice versa. By using the Shadow DOM,
developers can create components with their own
independent scope for CSS and JavaScript. This
encapsulation ensures that the component behaves
consistently, regardless of where it is used, and avoids
conflicts with styles or scripts in the parent document.
With Shadow DOM, developers can create fully self-
contained components where their styles and behavior
are isolated from the rest of the application. This
encapsulation makes it easier to build modular, reusable
components that work reliably in various environments
without the need for special configuration or
compatibility fixes.

3. HTML Templates: Predefined Structure for Dynamic
Content HTML Templates allow developers to define a
template structure for content that is not rendered until
explicitly invoked. A template contains HTML markup
that is not displayed initially but can be cloned and
inserted into the document when needed. This feature is
particularly useful for creating dynamic content that can
be reused across multiple instances of a component.
HTML Templates are often used in combination with
Custom Elements and Shadow DOM to provide a
dynamic structure that can be rendered in different
contexts. When a Custom Element is created, it can use
an HTML Template as its internal structure, dynamically
inserting the necessary content into the component.
This flexibility helps developers create efficient,
reusable components that are both lightweight and
scalable.

How Angular Elements Utilizes the Web Components
Standard for Framework-Agnostic Component Reuse
Angular Elements leverages the Web Components standard
to transform Angular components into Custom Elements,
thus enabling them to be reused across any modern
framework or plain HTML environment. By using the Web
Components APIs for Custom Elements, Shadow DOM, and
HTML Templates, Angular Elements makes Angular
components framework-agnostic, allowing them to be
seamlessly integrated into applications built with React, Vue,
Svelte, or even vanilla JavaScript.

» Custom Elements in Angular: Angular components are
typically tied to the Angular framework’s infrastructure
(e.g., dependency injection, change detection). Angular
Elements abstracts this away, transforming Angular
components into Custom Elements that function
independently of Angular's core features. The
component’s logic, templates, and styles are
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encapsulated into a reusable Custom Element, making it
compatible with other frameworks.

» Shadow DOM for Isolation: Angular Elements uses the
Shadow DOM to ensure that an Angular component’s
internal styles and logic remain isolated from the parent
application. This ensures that there are no conflicts with
the surrounding application’s styles and behavior,
providing a consistent and predictable user interface.

» HTML Templates for Dynamic Content: Angular
components’ templates are packaged as HTML
Templates when converted into Angular Elements. This
allows them to maintain their dynamic rendering logic
while being used in any framework or standalone
environment, ensuring that they function consistently
wherever they are deployed.

By adhering to the Web Components standard, Angular
Elements provides a powerful mechanism for sharing
Angular components across different frameworks without
sacrificing the benefits of Angular's features. Developers can
now build rich, reusable Ul components within Angular and
easily integrate them into other web applications, ensuring
greater modularity, flexibility, and maintainability in modern
web development.

5. How Angular Elements Work

Angular Elements provide a streamlined way to convert
Angular components into Custom Elements, which canthen
be used in any web application, regardless of the framework
being employed. This is achieved through the use of the
@angular/elements package, which facilitates the
transformation of Angular components into reusable,
framework-agnostic web components.

Let's walk through the process of converting an Angular
component into an Angular Element and explore the key
steps involved.

Steps Involved in Converting Angular Components to
Angular Elements

Creating a Component in Angular: First, you need to create
astandard Angular component as you normally would. This
component should be designed with the Angular framework
in mind, using Angular-specific features such as templates,
directives, and services. For example, let’s consider a simple
MyButtonComponent:

typescript
Copy code

import { Component } from '@angular/core’;

@Component({

selector: 'app-my-button’,

template: "<button (click)="handleClick()">Click
Me</button>",

styleUrls: ['./my-button.component.css']
)

export class MyButtonComponent {
handleClick() {

console.log('Button clicked!");

}

}

1. This is a simple Angular component that represents a
button with a click handler.

Using createCustomElement to Convert the Component
into a Custom Element: The next step is to use the

createCustomElement function from the @angular/elements
package to convert the Angular component into a Custom
Element. This function takes the Angular component class
and an injector as arguments and returns a custom element
class that can be registered with the browser’s
customElements API.

Here’s how you would convert the MyButtonComponent into
a Custom Element:

typescript
Copy code

import { Injector, NgModule } from '@angular/core';
import { BrowserModule } from '@angular/platform-
browser’;

import { createCustomElement } from '@angular/elements’;
import { MyButtonComponent } from './my-button/my-
button.component';

@NgModule({

declarations: [MyButtonComponent],

imports: [BrowserModule],

providers: [],

entryComponents: [MyButtonComponent] // Declaring the
entry component

N

export class AppModule {

constructor(private injector: Injector) {}

ngDoBootstrap() {

const customElement =
createCustomElement(MyButtonComponent, { injector:
this.injector });

customElements.define('my-button’, customElement);

}

}

2. Inthis example, we first import the necessary modules
and the createCustomElement function. Inside the
AppModule, we define MyButtonComponent as an entry
component (required to ensure the component is
bootstrapped correctly). We then use
createCustomElement to transform the Angular
component into a Custom Element, passing in the
Angular injector to provide dependencies if necessary.

3. Registering the Custom Element Using
customElements.define(): After creating the custom
element, we register it with the browser using the
customElements.define() method. This step essentially
makes the Angular component available for use as a
Custom Element (i.e., <my-button></my-button>) in
any web page or framework.

The customElements.define() method takes two arguments:

» The name of the custom element (e.g., 'my-button").

» The custom element class generated by
createCustomElement.

4. Thisprocess makes the Angular componentavailable as
a standard Custom Element, which can now be used in
non-Angular applications (e.g., in React, Vue, or plain
HTML) without any Angular dependencies.

Example: Integrating the Angular Element in Non-
Angular Projects

Once the Angular Element is created and registered, you can
use it in any framework. For example, in a plain HTML
document:
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html

Copy code

<IDOCTYPE html>

<html lang="en">

<head>

<meta charset="UTF-8">

<title>Angular Element Demo</title>

<script src="path/to/angular-element.bundle.js"></script>
<!-- Path to the compiled Angular application -->

</head>

<body>

<my-button></my-button> <!-- Using the Angular Element
like a normal HTML element -->

<script>

// Additional JavaScript to initialize or configure the
element if needed

</script>

</body>

</html>

In this scenario, the <my-button></my-button> Custom
Element behaves just like a native HTML element. It can be
used in React, Vue, or any other JavaScript application, and it
will still function with all the logic, templates, and styles
defined within the Angular component.

Benefits of Angular Elements in Decoupling Angular-

Specific Dependencies

The main advantage of using Angular Elements is that it

decouples the Angular-specific dependencies from the

component, enabling greater flexibility and reusability:

» Framework-Agnostic: Once converted into a Custom
Element, an Angular component can be used in any web
framework (e.g., React, Vue, or Svelte), or even in vanilla
JavaScript, without requiring the Angular framework to
be present in the application.

> Simplifies Integration: It allows Angular components
to be used in existing projects without requiring a full
migration to Angular, enabling easier integration into
non-Angular environments.

> Isolation of Dependencies: Angular Elements
encapsulate all the Angular-specific logic, styles, and
behavior within the Custom Element, providing a clean
and independent interface for integration. This reduces
the need to maintain complex dependencies between
Angular and other frameworks.

By converting Angular components into Web Components
through Angular Elements, developers can create modular,
reusable components that can be integrated seamlessly into
a wide variety of web applications, regardless of the
underlying framework. This approach enhances cross-
framework collaboration, simplifies component reuse, and
accelerates development in modern web projects.

6. Advantages of Using Angular Elements for Cross-
Framework Collaboration

Angular Elements offers a powerful solution for component
reusability and cross-framework collaboration, allowing
teams to build components in Angular that can be seamlessly
integrated into non-Angular environments. Here are the key
advantages of using Angular Elements for cross-framework
collaboration:

1. Component Reusability

One of the primary benefits of Angular Elements is the ability
to reuse Angular components across multiple frameworks

without any modification. By converting Angular

components into Custom Elements, developers can ensure

that these components can be easily embedded in other
frameworks like React, Vue, or even in plain JavaScript
applications.

» Reduced Redundancy: This eliminates the need to
rewrite or duplicate functionality in different
frameworks. Rather than creating a separate component
for each framework, you can use a single Angular
component across various applications, saving both time
and effort.

» Consistency: Ensuring thata consistent Ul and behavior
are maintained across different platforms becomes
simpler, as the same Angular component can be reused
with minimal adjustments.

2. Seamless Integration

Angular Elements provide an efficient mechanism for

integrating Angular components into non-Angular projects.

This ensures smooth interoperability between frameworks,

making the integration process relatively simple and

streamlined.

» Works with Modern Frameworks: Angular Elements
integrate seamlessly with frameworks like React and
Vue, as well as with vanilla JavaScript projects, enabling
developers to use Angular components without
requiring the host application to adopt Angular.

> Embedding in Non-Angular Projects: The process of
embedding Angular components into non-Angular
environments is simplified, as the component is
encapsulated in a Web Component that conforms to the
W3C Custom Elements specification. This allows teams
to leverage the power of Angular components while
maintaining the flexibility of other frameworks.

3. Encapsulation and Independence

Angular Elements encapsulate the internal logic, styles, and

behavior of Angular components. This encapsulation ensures

that the components will not conflict with the host

application or other elements, providing several key

benefits:

> No Framework-Specific Dependencies: Angular
Elements operate independently of Angular’s
framework-specific dependencies. This decoupling
allows Angular components to be used in any
environment without the need for the Angular
framework itself.

» Component Isolation: Each Angular Element is a self-
contained unit that can be independently developed,
tested, and maintained. This isolation prevents issues
that arise when different components or frameworks
clash in terms of styles or logic.

4. Easier Maintenance

By converting Angular components into Custom Elements,

teams benefit from easier maintenance of components

across multiple frameworks and environments:

> Centralized Codebase: With Angular Elements, the
codebase for the component is maintained in Angular,
but the component can be used across various
frameworks. This centralized approach simplifies the
process of updating or changing the component, as there
is only one version of the component to maintain.

> Efficient Updates: Any updates made to the Angular
component can be done centrally. Since the component
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is reusable across multiple applications, these changes
are automatically reflected in all the environments
where the component is used. This eliminates the need
for manual replication of updates across different
frameworks, ensuring consistency and reducing the risk
of errors.

» Lower Maintenance Overhead: The need to maintain
separate versions of components for each framework is
eliminated. This leads to a reduction in maintenance
overhead, as developers only need to manage a single
version of the component, making it easier to keep
everything up-to-date.

5. Cross-Team Collaboration

Angular Elements also foster improved cross-team

collaboration by enabling different teams to work

independently on various parts of a web application:

» Decoupled Development: Teams working on different
frameworks can focus on their own environment while
still being able to integrate Angular components
seamlessly into their projects. This means that a team
working with Angular can create and maintain
components, while another team working with Reactor
Vue can easily integrate those same components into
their application.

> Faster Development: With Angular Elements,
developers can build components independently of the
frameworks in which they will eventually be used. This
promotes faster development cycles, as thereis no need
to spend time on complex integrations between
frameworks.

6. Future-Proof and Scalable

As web development evolves, Angular Elements offer a
future-proof solution for building components that work
across different environments. Whether your project starts
with Angular and later shifts to React or another framework,
Angular Elements provide the flexibility to easily adapt to
these changes without major overhauls to your component
code.

> Scalability: As your application grows and requires
more components, Angular Elements allow you to scale
your component architecture efficiently, enabling you to
continue building reusable components that can
integrate with various frameworks as needed.

7. Practical Use Cases for Angular Elements in Cross-
Framework Collaboration

Angular Elements provides a versatile solution for creating

reusable components that can be seamlessly integrated into

various frameworks. Below are some key practical use cases

where Angular Elements play a crucial role in cross-

framework collaboration:

1. Shared Design Systems

Organizations often use multiple frameworks across

different teams or projects. In such environments,

maintaining a consistent design system can be challenging.

Angular Elements allows for the creation of shared design

systems that can be leveraged across all projects, regardless

of the framework in use.

» Uniform User Interfaces: A shared design system built
using Angular Elements ensures consistency in visual
elements like buttons, form controls, and navigation
components, enabling a uniform user interface across
different platforms.

> Centralized Component Management: A design
system built with Angular Elements can be centrally
managed in Angular, while the components remain
usable across various frameworks (e.g., React, Vue, or
plain JavaScript). This reduces redundancy and ensures
that updates to the design system are reflected across all
applications.

2. Component Libraries

Angular Elements is particularly powerful for creating

reusable component libraries that work across different tech

stacks. These libraries can be shared and used in

applications developed with Angular, React, Vue, or even

plain JavaScript.

> Unified Ul Toolkits: By packaging components as
Angular Elements, teams can develop Ul toolkits thatare
compatible with multiple frameworks, promoting
consistency and reusability across different teams or
projects.

» Reusable Functionality: Common Ul elements like date
pickers, modals, or complex data grids can be developed
once as Angular Elements and then reused in React, Vue,
or Angular projects, saving time and effort in
development and maintenance.

3. Micro Frontends

Micro frontends involve breaking up a frontend application

into smaller, independently deployable pieces, each of which

can be built with different technologies or frameworks.

Angular Elements plays a key role in enabling micro

frontends by providing a way to develop components that

can be seamlessly integrated into various parts of an
application.

» Cross-Framework Integration: In a micro frontend
architecture, different teams may use different
frameworks to develop their sections of the application.
Angular Elements enables these sections to be
developed independently and integrated into the overall
application, regardless of whether they are built with
Angular, React, or Vue.

»> Decoupled Development: Teams can develop and
deploy individual components in isolation, without
worrying about the underlying framework of the host
application. This makes it easier to scale, maintain, and
upgrade various parts of the application independently.

4. Third-Party Integrations
Integrating third-party libraries or components into
different applications can often be difficult due to
framework-specific dependencies. Angular Elements
simplifies this process by allowing third-party components
or libraries to be packaged as Custom Elements, making
them usable in any modern framework.

» Universal Integration: Whether a third-party library is
built with Angular, React, or another framework,
Angular Elements enables it to be encapsulated as a
custom element, ensuring it can be integrated easily into
any application, regardless of the host framework.

» Simplified Updates: Once a third-party component is
wrapped as an Angular Element, updates to the
component can be made centrally, ensuring consistency
and reducing the complexity of integrating updated
versions into various applications.
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8. Best Practices for Working with Angular Elements
Angular Elements is a powerful tool for enabling cross-
framework collaboration, butlike any advanced technology,
it requires careful consideration to ensure optimal
performance, compatibility, and maintainability. Below are
some best practices to follow when working with Angular
Elements:

1. Optimizing Performance

To ensure that Angular Elements perform well across

different environments, it's essential to minimize their

impact on application loading times and overall
performance.

» Minimize Component Size: The size of Angular
Elements can significantly affect the performance of
your application, particularly when embedded in non-
Angular frameworks. To optimize performance:

* Tree Shaking: Use Angular's tree-shaking capabilities to
remove unused code from your components before
packaging them into Angular Elements. This will help
keep the size of the elements small and improve load
times.

* Minimize Dependencies: Avoid unnecessary third-
party libraries or dependencies that could bloat your
Angular Element. Only include essential functionality
within the component.

* Optimize Change Detection: Angular uses change
detection to update the view when data changes. Ensure

that you optimize this process (e.g, using
ChangeDetectionStrategy.OnPush) to reduce
unnecessary checks, especially in more complex
components.

» Lazy Loading Components: When using Angular
Elements in non-Angular frameworks like React or Vue,
lazy loading is an effective way to reduce the initial
payload. Lazy loading components ensures that they are
loaded only when needed, preventing unnecessary
overhead during the initial load.

> Preload or Preload in Non-Angular Projects: In non-
Angular environments, ensure components are loaded
in the rightlifecycle stages. Consider preloading Angular
Elements or using strategies like async or defer to load
them efficiently.

2. Ensuring Compatibility

Angular Elements are designed to work across different

frameworks, but ensuring compatibility requires thorough

testing and integration checks.

» Test in Different Frameworks: To guarantee smooth
integration, it’s crucial to test Angular Elements across
different environments, such as React, Vue, or even plain
HTML. The way the component behaves in an Angular
application might differ when embedded in a React or
Vue app. Make sure to:

*  Verify Custom Element Behavior: Ensure that Angular
Elements function as expected within other frameworks,
paying attention to events, data binding, and lifecycle
hooks.

*  Check for Dependencies: Be mindful of framework-
specific dependencies or features that could interfere
with the Angular Element. For example, ensure that
Angular's dependency injection system doesn’t conflict
with another framework's lifecycle management.

» Test Cross-Browser: Since Web Components (and by
extension, Angular Elements) rely on modern browser
support, it's important to test your Angular Elements
across different browsers (e.g., Chrome, Firefox, Safari,
and Edge) to ensure cross-browser compatibility.

3. Managing Styling

One of the key features of Angular Elements is the use of the
Shadow DOM for style encapsulation. This ensures that
styles defined within the component don't affect the outside
world, and vice versa. However, there are several
considerations to manage when dealing with styling.

» Use Shadow DOM for Encapsulation: By using the
Shadow DOM, Angular Elements encapsulate their
internal styles, preventing external CSS from interfering
with their appearance. This provides a clean separation
between the component’s styles and the rest of the
application.

* Component Isolation: Ensure that the component’s
styling remains isolated, avoiding conflicts with the host
application’s CSS. This also helps in cases where
different applications or frameworks may have
conflicting styles.

> Handling Style Overrides and External CSS:

External Stylesheets: In some cases, you may need to
allow external CSS from the hostapplication to override
the styles of your Angular Element. To do this, you can:

o Expose CSS Variables: Use CSS variables to allow the
host application to modify certain style properties of the
component. For example, expose variables for primary
color or button size that can be overridden externally.

o ~Shadow DOM with External Styles: If using Shadow
DOM, you can still link external styles by importing
stylesheets directly inside the component's shadow tree.
However, be mindful of potential conflicts between
external styles and the encapsulated styles inside the
Shadow DOM.

> Fallback Styles: Ensure that Angular Elements provide
default styling in case the host application does not
provide specific overrides. This ensures that your
component still looks consistent and usable even in
environments where the host’s styling does not match
your design.

4. Managing Dependencies in
Environments

When embedding Angular Elements in non-Angular

frameworks like React or Vue, dependencies that are specific

to Angular (like Angular's core module) should be properly
handled to avoid unnecessary bloat and to ensure
compatibility.

» Independent Operation: Ensure that Angular Elements
are self-contained, with all necessary dependencies
bundled within the element itself. This prevents the
need for the host framework to load Angular
dependencies.

Non-Angular

» Minimize Angular-Specific Dependencies: Keep
Angular-specific code (e.g., Angular services or routing)
separate from the elements. The goal is to keep the
Angular Element as framework-agnostic as possible to
allow seamless integration in  non-Angular
environments.
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9. Challenges and Limitations of Angular Elements
While Angular Elements provide a powerful way to integrate
Angular components into non-Angular environments, there
are certain challenges and limitations that developers must
consider when adopting this technology. Below are some of
the key challenges and limitations associated with Angular
Elements:

1. Performance Considerations

One of the primary concerns when using Angular Elements
in non-Angular environments is the potential performance
overhead. While Angular is a robust framework with
powerful features, when its components are converted into
Web Components, some performance trade-offs can occur.

> Performance Overhead in Non-Angular
Environments: Angular Elements may not perform as
efficiently as native Web Components or components
created using lighter libraries like React or Vue. Angular
is a full-fledged framework, and when you convert
Angular components to custom elements, there can be
additional overhead in terms of size and execution time,
especially when used in smaller, more lightweight
applications. This can result in slower load times or
responsiveness issues in resource-constrained
environments.

» Impact of the Shadow DOM on Rendering: While the
Shadow DOM is beneficial for style encapsulation, it can
have a performance impact, particularly in complex
components or applications with many custom
elements. The Shadow DOM introduces an additional
layer of encapsulation, which requires the browser to
manage separate DOM trees. For applications with many
Angular Elements on a page, this could result in slower
rendering or reflows.

> Inefficient Change Detection: Angular uses a change
detection mechanism that can be resource-intensive,
particularly in large, dynamic applications. While
Angular Elements can be optimized, the default change
detection strategy may still lead to performance
bottlenecks if not carefully managed, especially when
components are embedded in non-Angular
environments.

2. Learning Curve

The integration of Angular Elements into non-Angular
frameworks introduces additional complexity and requires
developers to become proficient in several areas, creating a
learning curve.

» Understanding Web Components and Custom
Elements: Although Angular Elements is a wrapper for
Web Components, developers who are not familiar with
Web Components or the Custom Elements specification
might struggle with the intricacies of integrating these
elements into their projects. Developers must
understand how Web Components work, how they
interact with their host environments, and how to
optimize their behavior.

> Integrating Angular Elements into Non-Angular
Frameworks: For teams experienced with frameworks
like React or Vue, integrating Angular Elements can
present a challenge. The process may involve setting up
proper integration points, managing lifecycle hooks,
handling event propagation, and ensuring that Angular-
specific features (such as services or routing) do not

interfere with the host framework. In addition, since
each framework has its own lifecycle management and
state handling, developers need to ensure that the
Angular Elements work seamlessly within these
frameworks.

» Cross-Framework Best Practices: Developers must
alsolearn best practices for managing cross-framework
component development. While Angular Elements are
framework-agnostic, it still requires knowledge of how
to develop and maintain components that function in
different environments without breaking functionality.

3. Limited Angular-Specific Features

While Angular Elements is a great tool for creating reusable
components, there are certain Angular-specific features that
do not directly translate into the Web Component model.
This can limit the full functionality of Angular features when
used in Angular Elements.

» Angular Dependency Injection (DI): Angular's
powerful dependency injection system is a key feature
for managing services, providers, and other injected
dependencies. However, Angular DI does not work
natively within Angular Elements. When Angular
components are transformed into Web Components,
they lose access to Angular's DI container, which means
thatservices and other dependencies cannot be injected
as they would in a traditional Angular application.

e Workaround: To address this limitation, developers
can manage dependencies manually by passing them as
inputs, to the Angular Element or using alternative
dependency management strategies. This requires
careful planning and may increase the complexity of
component development.

> Angular Routing: Angular’s routing system is tightly
integrated with the framework and is not inherently
compatible with Angular Elements. Since Angular
Elements are decoupled from the Angular router,
routing within an Angular Element is not possible unless
additional effort is made to integrate it into the host
framework’s routing system. This may lead to
limitations when building applications that require
navigation or URL management within Angular
Elements.

» Angular Directives and Pipes: Directives and pipes are
essential components of Angular's templating system.
However, Angular Elements are designed to be used as
standalone custom elements, so Angular-specific
directives and pipes cannot be directly applied to
Angular Elements. This can result in reduced
functionality when trying to use some of Angular's
template features within an Angular Element.

4. Complexity in Managing State and Data Binding
Angular’s powerful data binding system is designed to work
within Angular applications. However, when components are
converted to Angular Elements, the data binding behavior
might differ from the typical Angular environment.

> Binding Between Host and Angular Element: Data
binding between an Angular Element and its host
framework can be challenging. In Angular, data binding
is straightforward, but with Web Components, you need
to manually manage the interaction between the
component’s inputs and outputs. This requires careful
handling of events and attributes to ensure that the data
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flows correctly between the Angular Element and the
host application.

> State Management: In larger applications, managing
state within Angular Elements and ensuring that it
synchronizes properly with the host framework's state
management system (e.g., Redux for React or Vuex for
Vue) can become complex. Developers need to carefully
plan how state will be shared between the Angular
Element and the host application.

5. Debugging and Tooling Limitations

Since Angular Elements are essentially Web Components,
debugging and tooling support can sometimes be limited,
especially in non-Angular environments.

» Lack of Angular-Specific Debugging Tools: When
Angular components are converted to custom elements,
developers lose access to some of Angular's powerful
debugging tools (e.g., Angular DevTools). This can make
it harder to troubleshoot issues related to component
behavior, especially when integrating with non-Angular
frameworks.

» Tooling and IDE Support: While modern IDEs provide
some support for Web Components and Angular
Elements, the experience may not be as rich as with
traditional Angular applications. Developers may need
to rely on general Web Component debugging tools and
browser DevTools to track down issues, which can be
more cumbersome than using Angular-specific tools.

10. Real-World Example: Using Angular Elements in a

Cross-Framework Application
In this section, we’ll walk through a practical
implementation of using Angular Elements in a cross-
framework application. The goal is to create a reusable
Angular component (e.g., a form input field), convert it to an
Angular Element, and then embed it into a React or Vue
application.

Step 1: Developing a Reusable Angular Component

We’ll start by creating a simple Angular component that
represents a form input field with a label. This component
will have an input field and emit events when the value
changes.

Angular Component Code (InputFieldComponent)

typescript
Copy code

import { Component, Input, Output, EventEmitter } from
'@angular/core’;

@Component({

selector: 'app-input-field',

template:

<label>{{ label }}</label>

<input type="text"
(input)="onInputChange($event)" />

[value]="value"

styles: [

label {
font-weight: bold;
}

input {

margin: 5px;
padding: 5px;

}
]
)y

export class InputFieldComponent {

@Input() label: string = 'Default Label’;

@Input() value: string ="";

@Output() valueChange = new EventEmitter<string>();

onlnputChange(event: any): void {
this.valueChange.emit(event.target.value);
}

}

Explanation:

» InputFieldComponent: This component accepts two
inputs (label and value), and outputs an event
(valueChange) when the user types in the input field.

» The component’s template contains alabel and an input
field. The value of the input is bound to the value
property, and the valueChange event is emitted
whenever the user types in the input.

Step 2: Converting the Angular Component to an Angular
Element

Next, we will convert the InputFieldComponent into an
Angular Element (Web Component). This will make the
component usable in non-Angular frameworks like React or
Vue.

To do this, we need to:
1. Import the necessary Angular Elements module.
2. Register the component as a custom element.

Angular Module Code (AppModule)

typescript

Copy code

import { NgModule } from '@angular/core’;

import { BrowserModule } from '@angular/platform-
browser";

import { InputFieldComponent } from
field.component’;

import { createCustomElement } from '@angular/elements’;
import { Injector } from '@angular/core’;

@NgModule({

declarations: [InputFieldComponent],

imports: [BrowserModule],

providers: [],

bootstrap: [],

entryComponents: [InputFieldComponent],

)

export class AppModule {

constructor(private injector: Injector) {

const customElement =
createCustomElement(InputFieldComponent, { injector });
customElements.define('app-input-field’, customElement);

}

ngDoBootstrap() {}
}

Explanation:

» createCustomElement(): This function converts the
Angular component (InputFieldComponent) into a
custom element.

"./input-

» customElements.define(): Registers the custom
element (app-input-field) with the browser’s custom
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elements registry, making it available to use in any
HTML or non-Angular application.

Step 3: Embedding the Angular Element in a React or
Vue Application

Now that we have our Angular component converted to a
Web Component (Angular Element), we can embed it into a
React or Vue application.

Example 1: Embedding in a React Application

1. First, ensure the Angular Element is bundled and
available for use in your React application. You can
export it as a JavaScript file after building the Angular
application.

2. In your React application, import the custom element
and use it like a regular HTML tag.

React Code (App.js)

jsx

Copy code

import React, { useState } from 'react’;

// Make sure to import the bundled Angular Elements script
import'./path/to/angular-elements.bundle.js'; // This file is
generated when you build the Angular app

function App() {
const [inputValue, setInputValue] = useState(");

const handleValueChange = (event) => {
setInputValue(event.detail); // Get the new value from the
event

b

return (

<div>

<h1>Using Angular Element in React</h1>
<app-input-field

label="Enter your name"
value={inputValue}
onValueChange={handleValueChange}
></app-input-field>

<p>Current value: {inputValue}</p>
</div>

);

}

export default App;

Explanation:
» The app-input-field element is used just like a normal
HTML element.

» The value and label properties are passed as attributes
to the custom element.

» The onValueChange event handler is attached to listen
for the custom event emitted by the Angular Element.

» The state (inputValue) is updated when the event is
triggered, demonstrating the two-way data binding
between the React app and the Angular Element.

Example 2: Embedding in a Vue Application

1. Similarly, import the custom element into your Vue
application.

Vue Code (App.vue)
vue

Copy code
<template>

<div>

<h1>Using Angular Element in Vue</h1>
<app-input-field

:label=""Enter your email""
:value="inputValue"
@valueChange="handleValueChange"
></app-input-field>

<p>Current value: {{ inputValue }}</p>
</div>

</template>

<script>

// Import the Angular Element
import'./path/to/angular-elements.bundle.js'; // This file is
generated when you build the Angular app

export default {

data() {

return {

inputValue: ",

b

b

methods: {
handleValueChange(event) {
this.inputValue = event.detail; // Get the new value from the
event

b

b

b

</script>

Explanation:
» InVue, the app-input-field custom elementis used in the
template just like a normal HTML element.

» The label and value properties are bound to the
component’s data using v-bind.

» The valueChange event is handled by @valueChange,
and the new value is stored in the component’s data.

Step 4: Final Thoughts and Considerations

1. Performance Optimization: Since Angular Elements
might have some performance overhead, ensure that the
custom elements are optimized. You can use lazy loading
to load the Angular Elements only when necessary.

2. Styling: Angular Elements encapsulate their styles using
the Shadow DOM, which ensures that styles are scoped
to the component. However, you may need to ensure
that the styles do not conflict with the host application's
global styles. In some cases, you might want to handle
style overrides by exposing properties for custom
styling.

3. EventHandling: In both Reactand Vue, event handling
is done through custom events. The valueChange event
emitted by the Angular Element is captured and used to
update the state in the host framework.

By following these steps, you can create reusable Angular
components, convert them to Angular Elements, and use
them in non-Angular frameworks like React or Vue, enabling
true cross-framework collaboration and maximizing
component reusability.

11. Conclusion

Recap of the Power of Angular Elements in Enabling
Cross-Framework Component Reuse

Angular Elements provide a powerful solution for creating
reusable components that can be used across different
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frameworks and environments. By converting Angular
components into Web Components, Angular Elements allow
teams to share functionality and design across various
applications, regardless of the underlying technology stack.
This eliminates the need for duplicating effort in building
similar components for different frameworks, enabling
greater efficiency and consistency in Ul development. The
ability to embed these custom elements seamlessly into non-
Angular frameworks, such as React, Vue, or even plain HTML
applications, brings a new level of interoperability to
modern web development.

Reflection on How Angular Elements Foster
Collaboration Between Teams Working with Different
Frameworks

Angular Elements foster collaboration by breaking down the
barriers between teams working with different frameworks.
Developers can focus on creating high-quality, reusable
components without worrying about the compatibility of
their code with other teams’ tech stacks. This encourages
cross-functional teams—such as UI/UX developers, front-
end engineers, and back-end developers—to work together
more effectively. By adopting a component-driven
architecture and using Angular Elements, teams can ensure
that their work is modular, maintainable, and reusable
across multiple projects. This collaborative approach
reduces duplication of effort and promotes a more agile
development process, which is especially important in large
organizations or projects that use a variety of frameworks.

Future Outlook: How Angular Elements Could Evolve
and Continue to Bridge the Gap Between Frameworks
As the web development landscape continues to evolve,
Angular Elements are likely to become even more integral to
cross-framework collaboration. In the future, we may see:

1. Improved Interoperability: Angular Elements could
evolve to offer better integration with more frameworks
out-of-the-box, enabling even smoother usage of custom
elements across different platforms. We might also see
deeper support for advanced features like form controls,
animations, or state management that work seamlessly
in both Angular and non-Angular applications.

2. Performance Optimizations: As performance remains
a key concern in modern web development, there will
likely be advancements in the performance of Angular
Elements. Optimizing loading times, reducing the
footprint of custom elements, and ensuring faster
rendering will be crucial for maintaining scalability in
larger applications.

3. Tooling and Ecosystem Growth: The tooling around
Angular Elements is likely to improve. Better debugging,
testing, and monitoring tools will make it easier for
developers to work with Web Components. Additionally,
the ecosystem of libraries and utilities that support
Angular Elements might grow, offering even more
capabilities for component styling, templating, and
interaction.

4. Standardization of Web Components: As Web
Components themselves gain more traction as a
universal standard for building reusable Ul components,
Angular Elements may become more aligned with other
Web Component technologies, such as LitElement and
Stencil. This would allow for even greater flexibility and
reduce friction when adopting Angular Elements in
cross-framework environments.

In conclusion, Angular Elements are an innovative and
practical solution to the challenges of cross-framework
component reuse. They empower teams to create modular,
reusable Ul components that work seamlessly across
different frameworks, fostering collaboration and enhancing
efficiency. As the technology continues to evolve, we can
expect Angular Elements to play an even more pivotal role in
bridging the gap between frameworks and simplifying the
development of modern web applications.
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