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SPLIT FOR SPEED
  
Scalable Rendering with Smart Build Delivery and GPU-Aware Throttling in 
UE5
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The premise

“EVERYONE’S GAME”
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2023
Q3 FPS ~200

FPS 60
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Determining min-spec (Lighting)

Esport focus - “Everyone’s game”
● Decided to use baked lighting
● Unreal Lightmass for environment
● Lightprobes for characters

○ Unreal Indirect Lighting Cache
● Custom lighting on close-ups and in 

menus
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Determining min-spec (Profiling)

200 FPS

60 FPS
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Forward is 30% faster

Deferred is a memory hog

Memory will be a limiting factor

High end settings should be hidden

Cannot have both deferred and forward

Determining min-spec (Profiling takeaways)

Deferred not a real issue

Can push visuals and still reach high FPS

Memory is not a limiting factor

Everyone's game needs deferred shading

Intel Celeron G5905T, Intel UHD Graphics 610 AMD Ryzen 9 7950X, NVIDIA GeForce RTX 4070 Ti

A game for everyone needs both forward and deferred
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Determining min-spec  
(Lowest common denominator)

Classic approach
● HW Benchmark
● Low, Medium, High

Need to draw the line on what HW 
and rendering features to support

Acer Veriton N4680GT
CPU: Intel(R) Celeron(R) G5905T (2 
CPUs), ~3.3GHz
GPU: Intel(R) UHD Graphics 610
RAM: 4096MB RAM

Amd Am5
CPU: AMD Ryzen 9 7950X (32 CPUs), 
~4.5GHz
GPU: NVIDIA GeForce RTX 4070 Ti
RAM: 65536MB RAM
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“You can’t have your 
cake and eat it too”

Or can you?
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What if you could 
have the best of 
two worlds…

No lowest common denominator

->Split the problem in 2 versions
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Split content build pipeline

CDN

High End Low End

High End

Low End

Build pipeline

Eat the cake and 
have it too!

High End

Low End

Launcher

Split package distribution
Split execution
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LauncherThe present



P. GOALS STUDIO 2025

Headless launcher
Detect HW
Download
Install
Launch the game 

Solves the problem for games with very wide 
scalability in performance. Lowend to support: 
● Dual core celeron 
● Integrated GPU 
● 30 FPS

Highend version (Player Experience)
- Doesn’t have to compromise with lowest common 

denominator.
- Can use much of the Unreal bling and high end 

extensions

Lowend version (Player Experience)
- Forward shading ~30% faster
- Specific optimization for low end
- Faster load times
- Smaller download size

Reach (Profit/Power)
- Being able to play the game on less powerful HW 

increases the reach by a lot.
- Steam binary patches keeps download size to a 

minimum

16
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Main game DLCs
Headless 
launcher

Steam Depot 
Common

Steam Depot 
High End

Steam Depot 
Low End

HW  
Detection

Steam Depot 
High End

Steam Depot 
Low End

Headless 
launcher

Experience
Steam Depot 

Common

Steam Depot 
High End

Performance
Steam Depot 

Common

Steam Depot 
Low End

Launch game
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Infra deep dive Steam DLC Setup
Build pipeline
● Divergence, Unreal Build Tool (UBT) knows about 

low end variant.
● Build & Cook 2 builds 

○ High end version and Low end version
● Have a list of classes and splits them into chunks

○ 0 is the common one 
○ 1..4 is either high end or low end DLC bundle

● Copy common bundle from High end build
● Have 2 executables, one in each DLC. 

Build size/Patching
● Size is around 2.6/2.7 GB combined Common+DLC
● DLC: Low end = 277 MB , High end = 346 MB
● Delta is based on Steam binary patching
● Biggest patch was 1 Gb, new level added
● Regular patch size is 200Mb
● Using chunks -> smaller delta

Main game DLCs
Headless 
launcher

Steam Depot 
Common

Steam Depot 
High End

Steam Depot 
Low End

Unreal  
Build  
Graph

High end build variant

Low end build variant

Common Bundle

High end Bundle

Common Bundle

Low end Bundle

Steam Depot 
Common

Steam Depot 
High End

Steam Depot 
Low End
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Headless Launcher 
Launcher App
● C# Executable
● Started from Steam
● Does HW detection based on 

○ GPU, 
○ CPU, 
○ Memory
○ CPU/GPU feature level

● Calculates score
● Determines if the HW should run the 

Performance or Experience version
● Initiates download of the correct DLC bundle 
● Launches the game with the correct cmd-line
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Experience/High End

Deferred shading
 D3D12
● FL_12_0 
● Shader Model 6.0
● Feature level:

○ Resource Binding Tier 3+
○ Type UAV Load Additional Formats
○ Wave Ops
○ Atomic64

Experience
Steam Depot 

Common

Steam Depot High 
End

Unreal Benchmark 
(Low,Medium,High)
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IHV Plug-insExperience/High End
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Performance/Low End
Forward Shading
● Performance 

○ D3D12
■ FL_11_0 
■ Shader Model 5.1

● Performance11
○ D3D11

■ FL_11_0
■ Shader Model 5.0

● SuperLowEnd
○ ES31 

■ Mobile rendering
● Reduced feature set

○ No AVX

Performance
Steam Depot 

Common

Steam Depot 
Low End

(Low,Medium,High)
+ 

“SuperLowEnd” via 
cmd-line
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“Half-platform” variantPerformance/Low End
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Playtesting with the community
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Is it worth the investment?
Everyone’s game
● >9% low end
● F2P game
● ~30% Low end by launch  

● Optimizations will improve 
everything
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What is the current distribution
A mixed bag
● Really old (2010) 6.2% 

○ Sandy bridge
● Old architecture (2012) 24,7%

○ Ivy bridge
○ Haswell, Broadwell

● It’s been a while (2015) 15,8%
○ Sky lake
○ Kaby lake

● Before Corona (2017) 22,7%
○ Coffee Lake
○ Ice Lake, Comet Lake

● Corona (2020) 19,8%
○ Tiger Lake
○ Alder Lake

● Post Corona (2022+) 10.8%
○ Raptor Lake 
○ Meteor Lake
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But we need more 
low end HW

“A 3.3 Ghz Celeron isn’t really 
low end!”

Acer Aspire Lite 15
CPU: Intel(R) Celeron(R) N4500 (2 CPUs), ~1.1GHz
GPU: Intel(R) UHD Graphics
RAM: 4096MB RAM

Lenovo IdeaPad 1
CPU:AMD 3020e (2 CPUs), ~1.2GHz
GPU: AMD Radeon(TM) Vega 3 Graphics
RAM: 4096MB RAM

Lenovo G500
CPU:Intel(R) Core(TM) i5-3230M (4 CPUs), ~2.6GHz
GPU: Intel(R) HD Graphics 4000
RAM: 4096MB RAM

Narrow Box Ultra HD Compact v5
CPU: Intel(R) Celeron(R) N5100 (4 CPUs), ~1.1GHz
GPU: Intel(R) UHD Graphics
RAM: 4096MB RAM

Mario David Sofie Torbjörn
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Playtesting with the community
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SuperLowEnd

ES31 Rendering path
● Emulated mobile forward shading
● 4-6 ms/frame faster
● Pushing potato +30 FPS
● Thanks to Epic for the tip

Lenovo G500
CPU:Intel(R) Core(TM) i5-3230M (4HT CPUs), ~2.6GHz
GPU: Intel(R) HD Graphics 4000
RAM: 4096MB RAM
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1366x768 @ +30FPS 
Native resolution -  
HD Ready
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Pros: 
With 2 builds

Autodetection downloads 
the correct version of the 
game
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Future work More platforms
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But what happens 
when you have 
optimized so much 
that you almost have 
100% resource 
utilization?
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THROTTLING
How you control the 
temperature of your 
gaming device

34
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Background Why should we care?
● Player Experience

● Cost of power

● CO2 output
The higher the power usage the hotter the device gets

- Highend Desktops uses 200-500W on average for gaming
- Laptops uses on average 30-70W 
- As a comparison mobile phone systems uses 3-6W
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3 ways to throttle/reduce heat

● Reduce shader 
complexity

● Reduce bandwidth

● Reduce FPS
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Reduce shader complexity

● Implement scalability settings in shaders
● Make it easy to change between modes
● HW benchmarks good quality level 

baseline 
● Introduce ECO/Green scalability level that 

uses less HW resources
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Reduce bandwidth

● Reached FPS Target?
○ Look at optimizing bandwidth 
○ Will reduce power consumption & heat

● Investigate bandwidth optimization techniques
○ Render the same quality 
○ With better bandwidth performance.
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Reduce FPS
You have 3 phases where you can throttle the FPS of 
the game:
● Menus

○ Fixed frame rate, say 60 or 30 FPS
○ In Unreal use SetMaxFPS

● Idle
○ Lower FPS even more

● Gameplay
○ This is the hardest one
○ VSYNC doesn’t cap 1000 Hz frequency
○ Fixed frame rate menu option is better
○ Throttling based on temperature?
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E-sport players 
wants high FPS, but 
no-one wants loud 
fan noise and a 
computer that almost 
burns up!

Quality settings and 
clamping FPS is how 
you can reduce 
thermal pressure



P. GOALS STUDIO 2025

Solving gameplay thermal pressure 
GPUThrottle
Reads GPU data  
(nvml, adlx, igcl)
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GPUThrottle: 
Unreal Plug-in
GoalsGPUThrottle:
● Reads GPU Temperature
● Reads GPU Power usage
● Reads GPU Fan speed
● Implements: 

○ NVML (NVIDIA GPUs)
○ ADLX (AMD GPUs)
○ IGCL (Intel GPUs)

GoalsGPUThrottlingSubsystem:
● Handles state changes

○ Ingame
○ Menu

● Handles mode changes
○ Fixed Framerate
○ Silent
○ Temperature
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NVIDIA Management Library 
(NVML)

 

The NVIDIA Management Library (NVML) is a C-based 
programmatic interface for monitoring and managing 
various states within Data Center GPUs. It is intended to 
be a platform for building 3rd party applications
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AMD Device Library eXtra 
(ADLX)

ADLX is a modern library and SDK designed to access 
features and functionality of AMD systems in the 
categories of Display, 3D graphics, Performance 
Monitoring, GPU Tuning, and more.



P. GOALS STUDIO 2025

Intel Graphics Control Library 
(IGCL)

IGCL is meant to be a collection of high level APIs for 
all control aspects of hardware, primarily graphics. 

IGCL allows global control and tweaking of display, 
media & 3D capabilities.
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Throttle 
Enabled

46
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Throttle 
Disabled

47
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Throttling enabled   Throttling disabled

48
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How do we impact the climate?
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Existing research
Expectations from other 
industries & businesses

Big category: S3.11 “Use of sold products” 
– gameplay on mobiles, consoles, PCs

Next: S3.1 “Purchased goods and services” 
– Data centres, software, computers, food, 
desks, office stuff

Often overlooked: S3.9 “downstream T&D” 
– downloads & installs

Indie relevant: S3.6 Business travel – 
Flights, ubers, trains, hotels.
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Energy consumption  
 
Assumption of scale (Rocket League): 
● ~1,9M PC DAU

● Yearly Energy Consumption (Throttled): 20,449,864.78 kWh 

● Yearly Energy Consumption (Non-Throttled): 25,743,624.11 kWh 

● Yearly Energy Savings: 5,293,759.32 kWh 

● Yearly Cost Savings: $794,063.90 (at $0.15 per kWh) 

● Yearly CO₂ Savings: 2,514,535.68 kg CO₂ (global average of 0.475 kg per kWh) 

🌳  41,908 trees planted and grown for 10 years (each tree absorbs ~60 kg CO₂ over a decade). 
🚗  544 gas-powered cars off the road for a year (average car emits ~4.63 metric tons CO₂ annually). 
✈  2,098 one-way flights from New York to Los Angeles (a flight emits ~1.2 metric tons CO₂ per passenger). 
🏡  317 homes’ energy use for an entire year (average home emits ~7.94 metric tons CO₂ annually).

51
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GOALS Telemetry on our 
own consumption so far

● System works at scale
○ Measure power 

consumption
● Gamers don’t know what it is

○ Uncommon
○ Not in your face

● Fixed Framerate
○ No. 1 in usage

● Throttling reduces power 
consumption
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Future work
● Gamers don’t know what it is

○ Improve UI
○ Add onscreen counters

● Add idle throttle
● Add real-time CO2 calculations
● Collaborate with SGA



P. GOALS STUDIO 2025

Q&A


