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Consumers need help with sizing and identifying the benefits of
integrated renewable energy sources on-site, on-road, on-grid

» Distributed energy resources are key technologies needed to decarbonise the energy sector. With only
3.8TW of renewable in the pipeline vs. 8TW needed by 2030, distributed solutions have the power to
complement large-scale deployment and generate greater benefits.

* |ntegrating solutions on-site, on-road, on-grid can unleash greater emissions and cost reductions for
consumers assembling solar PV, storage, EV and other easy to electrify energy uses whilst selling services
or excess power to the grid and other energy users.

* Yet, sizing an integrated system requires a set of inputs and assumptions in order to understand the
possibilities and benefits

» As part of Integrate to Zero’s mission to scale the integration of renewable sources for consumers, we
have identified the availability of different tools that can help consumers assess the size of an Integrated

Renewable Energy Sources (IRES) that meet their needs.
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Report background

* This report summarises the assessment of software tools available for energy consumers to size their
iIntegrated system on-site, on-road, on-grid (grid-connected renewable solutions: solar PV, batteries, EVSs,
heat pumps).

* |t provides an overview of the methodology, findings and case studies from 2 of the best tools available.

« Software models are precise but sophisticated and require a level of understanding of technology
features/specifics.

* Online calculators provide a simpler entry point for consumers who are less familiar with power and
technology, to size systems without needing to use more complex software.

A sample of UK calculators has been provided as an example. Other countries/regions have their own
versions with similar features.

 The two case studies in the report were made with inputs from a UK energy-profile.
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Motivations Behind the Study & Objectives

Research Project

Explore the spectrum of available Conduct two case studies with
software tools for modelling IRESs the selected software tools
Investigation of the Detailed assessment of key Cost-benefit analysis of Creation of a realistic Building a framework for
historical development features and functionalities developing a customised simulation profile to evaluating performance
and evolution of tools of selected tools tool for Integrate to Zero emulate practical scenarios and applicability of tools
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Key Insights

@ Diverse Tool Landscape

Tools showcase significant diversity in terms of their
functionalities and the specific areas of IRES projects
that they can effectively analyse and support.

@ Limited Assessment of Transport Sector

Tools offer limited features when it comes to
assessing the economics of the transport sector,
particularly in the context of electric vehicles.

Global Flexibility

Tools demonstrate a high degree of flexibility,
enabling robust predictions to be designed for
almost any geographical location worldwide.

/\/\’ Lack of Transparency in Projections

Some tools lack clear documentation on how
projections are computed and the underlying
models utilised.
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Sample of UK Calculators
m

Solar Energy Calculator | Energy
Saving Trust

MCS Heat Pump Calculator

Tiny Eco Home Life

Great Home Solar Panel & Battery

Energy Saving Trust
Solar Energy Calculator

Renogy Solar Sizing Calculator

Unbound Solar Off-Grid Solar System
Sizing Calculator

Spirit Energy Battery Storage
Calculator

@ngterry5 Battery Savings Calculator

Solar

Heat Pump

Heat Pump

Solar

Solar

Solar

Solar

Solar+ Battery
storage

Battery storage

Yes, asks for post code, roof slope, shading, roof direction and size
with recommendations and visuals.

It is a detailed and specific excel table with room for the user to input
relevant values. It is complex with multiple sheets within the file

Yes, it is extremely simple however with only 2 variables: Annual Gas

Usage (kWh), Desired Internal Temperature (°C)

It is straightforward and there are consumer reviews at the bottom.

It is simple to use and is detailed.

Yes, it is a multi-sizing-toolkit that has simple and clear variables for
users. Further to solar sizing, this also provides appliance power
consumption calculation, solar cable gauge calculation and battery
interconnect calculator tools.

It is simple to use with the ability to add specific appliances and their
daily durations of usage

It is simple to use and is detailed.

It is cohesive to use, you require knowledge of your electricity
consumption and some data. It is targeted at households and has a
quick and easy to use structure if you have the data/

Gives indication in kWh
Gives potential bill and
CO2 saving

Gives cost breakdown

Gives indication in kWh

Gives indication in kWh

Gives cost savings
Shows payback period

Gives cost savings
Gives indication in kWh

Gives indication in kWh

Gives indication in kWh

Gives indication in kWh

Gives indication in KWh
Gives cost savings by
time period

Shows minimum
payback period

* Due to complex nature of

calculating exact
technology size, many
suppliers recommend
contacting them in the first
instance to advise on
requirements, and be able
to provide an accurate
quote : Cinergi Air Source
Heat Pump Calculator UK,
All Seasons Energy Heat
Pump Calculator UK, Ovo
Energy

There are more solar
sizing calculators than
other technologies



https://pvfitcalculator.energysavingtrust.org.uk/
https://pvfitcalculator.energysavingtrust.org.uk/
https://mcscertified.com/wp-content/uploads/2021/04/MCS-Heat-Pump-Calculator-Version-1.10-locked.xlsm
https://www.tinyecohomelife.com/what-size-air-source-heat-pump-calculator
https://great-home.co.uk/solar-export-guarantee-seg-calculator/
https://pvfitcalculator.energysavingtrust.org.uk/
https://pvfitcalculator.energysavingtrust.org.uk/
https://uk.renogy.com/calculators/
https://unboundsolar.com/solar-information/offgrid-calculator#load-evaluation
https://unboundsolar.com/solar-information/offgrid-calculator#load-evaluation
https://www.spiritenergy.co.uk/solar-battery-storage-uk-calculator
https://www.spiritenergy.co.uk/solar-battery-storage-uk-calculator
https://nicola.qeng-ho.org/angular-battery/app/index.php
https://cinergi.co.uk/services/air-source-heat-pumps/air-source-heat-pump-calculator-uk/
https://cinergi.co.uk/services/air-source-heat-pumps/air-source-heat-pump-calculator-uk/
https://allseasonsenergy.co.uk/heat-pumps/air-source-heat-pumps/heat-pump-calculator-uk/
https://allseasonsenergy.co.uk/heat-pumps/air-source-heat-pumps/heat-pump-calculator-uk/
https://www.ovoenergy.com/guides/air-source-heat-pump-size-guide
https://www.ovoenergy.com/guides/air-source-heat-pump-size-guide
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Spectrum of Available Tools

There is a wealth of tools available for designing energy systems, with the literature
identifying nearly 60 software options *.

Several studies have categorised and assessed these tools based on their features and capabilities. Here are

some prominent recent examples:

(4 A review of computer tools (7 Review of software tools (4 A review of Al-based optimisation
for analysing the integration of for hybrid renewable energy techniques for the sizing of IRESs in
renewable energy into various systems — 2014 smart cities — 2020

energy systems — 2010

*Full list in the 6
appendix


https://www.sciencedirect.com/science/article/pii/S0306261909004188?via%3Dihub
https://www.tandfonline.com/doi/full/10.1080/21622515.2020.1836035
https://www.tandfonline.com/doi/full/10.1080/21622515.2020.1836035
https://www.tandfonline.com/doi/full/10.1080/21622515.2020.1836035
https://www.sciencedirect.com/science/article/abs/pii/S136403211400046X?via%3Dihub
https://www.tandfonline.com/doi/full/10.1080/21622515.2020.1836035
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Analysis & Feature Assessment Table

Tools Economics  Technical PV Wind Generator  Storage Bio-energy Hydro Thermal EVs &
Analysis Analysis System System Set device Energy System Chargers
HOMER X X X X X X X X X —
RETScreen X X X X —~ X — X - — While there is an abundance of
TRNSYS X X X X X X - - X - available tools, only 17 have
Hosh g g S g g - g - B demonstrated a measurable
EnergyPLAN X X X X X X — X X X . .
roen ) ¥ y ) ) Y y y ) Y influence on the design of
BALMOREL X X X X _ X _ _ % _ renewable energy systems, based
COMPOSE X —~ X X X —~ - —~ X —~ on their frequency and
INEEL - . s & . . - - - - prominence in previous literature.
HYBRID2 — X X X X X — — X —
BCHP Screening — X X X X — — — X —
LEAP — X X X X — — X X —
ARES-| &1 * — X X X X X X o o —
SOLSTOR * X X X X X e — — - —
HySim * X X X — X X X — — —_
Hybrid Designer * b — X X b x — — — —_
SOMES * X X X X — X — — — —_—
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Criteria for Selection

In order to shortlist the two tools for the case studies, the following criteria were employed:

[ Availability 5) Accessibility

The tool must have remained active since its "he tool needed to be freely downloadable
launch. This not only ensured that it could be and usable, or at least offer a demo version
used but also indicated constant iImprovement. for capabilities assessment.

@ 100% Renewable Systems £% User Base

The tool must have a proven track record of The tool has a considerable number of
effectively modelling 100% renewable energy users, with a minimum threshold of
systems in prior works. approximately 1000 users.
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Homer and IHOGA were used as case studies

100%
Developed by Computer Platform / : Users/ Freely Offers
Tools (year) Programming Language Analysis Type Downloads Available Demo Renewable
Systems
NREL, , : Technical, economical, emission
[ ¥ HOMER USA (1993) Visual Studio, C++ analysis > 30,000 No Yes Yes ]
Ministry of Natural Resources, . . . : . :
RETScreen CA (1998) Visual Studio, Excel, C Financial, environmental analysis > 200,000 No Yes Yes
University of Wisconsin & Simulation of transient system
TRNSYS Colorado, USA (1975) Fortran behavior >1,000 No Yes Yes
; ; Multi or mono objective
[ ¥ iIHOGA University of Zaragoza, C++ optimisation using genetic > 1,000 No Yes Yes ]
ESP (2015) nlgnrifhm
Aalborg University, : Technical, economical, emission
EnergyPLAN DNK (1999) Delphi Pascal analysis > 1,000 Yes Yes Yes

HOMER and IHOGA were selected for trial because they featured as the most user- friendly platforms and offered free trial.
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Foundational Inputs

Location

Load
Type of Renewable

Minimum Renewable Fraction

Economics

Office Building in London

~7 KW (daily)

Solar Energy / Photovoltaic (PV)
5%

Nominal Discount Rate: 8%
Expected Inflation Rate: 5%

Real Discount Rate: 2.86%
Annual O&M: 1%

Although achieving identical inputs
for a direct comparison was ideal, the
differences in the software
architectures occasionally
necessitated variations in input

parameters.

Despite this, foundational inputs were

kept constant.

10
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Case Study l: HOMER

ELECTRIC LOAD 6 Name: | Electric Load #1
=
January Profile Daily Profile Seasonal Profile
Hour Load (kW) 3
0 0.600 2
3 2 - ’ I L i
1 0.600 = 1 ‘_ L L g
2 0500 il L, 5=
3 0.600 $ & é & @ S & \; &
4 0.600 Yearly Profile
5 0.600
6 0.600
7 0.600
8 0.600
9 2.040 8
Show All Months... Metric Baseline Scaled Efficien cy (Ad 1)
Average (kWh/day) 2736 698 Eff y multipl
Time Step Size: 60 minutes
Average(kW) 1.14 .29 Capital cost (£):
Random Variability Peak (kW) 368 94
Day-to-day (%): 10 Load factor 31 31 Lifetime (yr):
Timestep (%): 20
Load Type: @ AC DC
Peak Month: None
=~ R —

A snapshot of HOMER user-interface.

Main Advantages

« User friendly interface;
» Accurate graphical representation of results;
« Auto-generates proposal document;

Main Disadvantages

* Missing features around EVs and chargers;
» Limited selection of pre-set energy profiles;
« Missing in-app tutorials and learning material;

11
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Case Study l: HOMER

%4 Calculation Report — L]
1,094 solutions were simulated: Clog
946 were feasible.
148 were infeasible due to the minimum renewable fraction. /
IC
119 were omitted: 1
0 due to infeasibility.
90 for lacking a converter.
3 7 for having an unnecessary converter.
Cost Summary
Economic Metrics Base Case Lowest Cost
System
IRR @ 8 0% NPC @ £9,310 £7.814
Initial Capital  £4,887 £7.699
ROI @ 5.4%
oam @ £293. 44 fyr £7.61/yr
Simple Payback @ 8.8y
LCOE @ £0.102/kWh  £0.0741/kWh

Calculations report, Economic Metrics & Cost Summary computed by HOMER

Key Figures

NPC

LCOE

OSM

Energy Produced
Renewable Fraction
Simple Payback
ROI

IRR

£7,814
£0.0741
£7.61/year
6416 kW
94%

8.8 years
5.4%

8%

12
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Case Study Il: IHOGA

Latitude (2) (+N, -S) : §51 497 | Get data from local DB #1: PV panels slope (%) 46 [PV panels Azimuth (#):0
Longitude (2) (+E. W) : \0 138 | : o :
- UL GRS PV gen. #1: 100 | % Ground Reflectance: (0.2
< > V| Fi Impart Alt Gr
Locateonmap = Update coord Download NASA monthly data ; ‘ iExed aado
Optimal Slope#1 | [ ] Optimize PV#1 panels slope during the optimization of the systerr
Data source for Global irradiation
Steps
(®) Monthly Average () Import from File Hour (kWh/m2) Horiz Tilt
1 v Minutes- each hour in 1 row (tilt, in kW/m?2)

Minutes- 1 per row (tilt surf. in kW/m2)
Data Source for Monthly Average Daily Irradiation: Radiation Horizontal Surface (kWh/m2) ~  Calculation Method for Hourly Iradiation:

Irra::hahzzlru IYra;jll;EITIC?l'l PV Tracking System: |No Tracking + | (OLu & Jordan (_)Erbs etal
av. horiz. s av. tits

Factor F(l) for the back albedo

083 = (® Collares-Pereira & Rabl () Graham
S e |likAS st (bifacial modules) (Durusoy 2020):  |0-33
Februray |167 2.35 KWhim2 e A

: MONTHLY AVERAGE DAILY IRRADIATION, HORIZ. / TILTED SURF. Nnmor.
March 266 353 KWhim2 5 Official hour advances:
April 469 | 507kwhim2 "2 ¢ _|Blocoehote
May 459 4.6 KWhim2 35 From day | 30

: 3 of month |3

June 5.08 | 4.73 KWhim2 25 :

= 2 To day [26
July 5.09 4.73 KWhim2 16 S

: : 1 of month |10
August 388 4.1 KWhim?2 3

05 Winter:

September |3-26 3.9 kKwh/m2 0 J E M AN GME J A S O N D Official hour advances:
October  |1.97 2 94 KWhim2 MONTH 1 |h to solar hour
November |1.1 1.94 KWhim?2 [p M Horizontal M Tilted l [v]Import from hourly file:

— Official hour
December |06 1.07 KWh/m2 ‘

Force |0 \cloudy consecutive days (only difuse irradiation) in month [January Vi

A snapshot of iIHOGA user-interface.

Main Advantages

« Multi-objective optimisation with NPC & NPV;
* Hourly and minute data handling capacity;
* Product catalogs are vast and with prices;

Main Disadvantages

* Missing features around EVs and chargers;
» Longer simulations due to genetic algorithm;
« Simulations capped at 7 kW for EDU version;

13
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Case Study Il: IHOGA

GEMERAL DATA OPTIMIZATIOM CONTROL STRATEGIES FINANCIAL DATA RESULTS CHART

Mono-objective optimization. Total No. of cases evaluated: 6912. Time: 3' 50"

13,056

520
12992
0 12,928 e 3
S 12864 504 =
£ 12800 5
< 12736 R
] E
3 12672 488 L
e |
o 12608 Q
o e
2 12544 80
12 480 472
1 2 3 4 5 6 i 8 10
Solution # (sorted from best to worst)
[ ) show diagram
No. Total Cost (NPCYGB Emission (kgCO24r Unmet(kiwhir]  Unmet(2s D.aut Crwh)i{Ppv+P LCOE(GB Ren(?) Simulate Report A
1 12366.5 496 83 42 017 INF 11 065648 95891 SIMULATE..REPORT.

2 12367.8 466.64 5.6 0.22 INF 110 0bebE 9346 SIMULATE.. REPORT.

The final results page of the simulation with iIHOGA

Key Figures

NPC

LCOE

OSM

Energy Produced
Renewable Fraction
Simple Payback
ROI

IRR

£12,355
£0.5648
Not available
6540 kW
99%

Not available
Not available

Not available

14
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HOMER appears to be the most user-friendly interface which

provides financial analysis

HOMER

Stands out with its user-friendly interface,
making it the ideal choice for business use and
non-experts who require efficient and intuitive
software. It also is able to provide Payback,
Return on Investment, Internal Rate of Return.

IHOGA

IHOGA is a hybrid system optimization software tool
for planning and monitoring electrical and thermal
energy systems. It has been tailored mostly to meet
the needs of academics, researchers and energy
planners but does not dive into financial results.
However the PRO version is designhed for
businesses.

15
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The Potential of Al

Al has the potential to support with formula making to calculate the size of a system and its financial benefits by browsing
the latest tools and formula available online.

LU

Chat GPT can you write code to calculate the costs and benefits of an IRES?

As an Al language model, | can certainly provide guidance and examples on how to calculate
the costs and benefits of an Integrated Renewable Energy System (IRES). However, please
note that | cannot directly execute or provide working code as | am a text-based model. | can
help you understand the concepts, algorithms, and methodologies involved in such
calculations. Here is a high-level overview of the steps involved in estimating the costs and

benefits of an IRES:

Define the System Components: Identify the renewable energy sources (such as solar, wind,

or hydro), storage systems (batteries), conversion technologies (inverters, converters), and

any other relevant components of the IRES.
Collect Data: Gather data on energy demand patterns, renewable resource availability,

system efficiency, equipment costs, maintenance costs, operational lifespan, incentives,

0 & &

Chat GPT can you write code to calculate the
costs and benefits of an IRES?

As an Al language model, | can certainly provide
guidance and examples on how to calculate the
costs and benefits of a system[...]

If | gave you data inputs, would you be able to
assess the benefits of a system?

Yes, | can certainly help you assess the benefits of
an Integrated Renewable Energy System (IRES) if
you provide the necessary data inputs [...]

16
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Greater support is needed to estimate a dynamic system size
and benefits

1. 2. 3.

Developers of calculators Consumers who have limited One Stop Shops (consumer

and tools need to evolve time and knowledge should advisory) should point
their offerings so that they use the simple tools available y P

help consumers to estimate as an entry point to decide consumers towards the

systems that integrate the whether to get quotes and or existence of different

site road and grid. Most help with more sophisticated
tools only focus on one of estimates

these however increasingly them understand the options
consumers are joining them and benefits of adopting

up. Developers should
consider how Al can help in
this endeavour

calculators and tools to help

renewable energy systems. -
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Bibliography -
List of tools

BIfelElnlEl@\W hilst reasonable steps have been taken to ensure that the information contained
within this publication is correct, the authors, Integrate to Zero, its agents, contractors and sub-

contractors give no warranty and make no representation as to its accuracy and accept no liability for

any errors or omissions
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Analysed in-
depth
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AEOLIUS
Escast
EMINENT
ENPEP-Balance
HYDROGEMS
INFORSE
MESAP PlaNet
MESSAGE
MENSA

. MOREHyS
. MiniCAM

. NEMS

. NESSIE

BCHP Screening Tool
LEAP

TRNSYS

INSEL

HYBRID2

HOMER

2. EnergyPLAN

14. PSR

15. Ready Reckoner
16. PRIMES
17. ProdRisk
18. Samplan
19. SEDS

20. RAMSES
21.SGM

22. TESOM
23. SimREN
24. SIVAEL
25. UREM
26. STREAM

6. ORCED

7. Ares-1&II

8. HySim

9. SOLSTOR
10. HybSim

3. RETScreen
4. itHOGA

27. WASP

28. PSAT ORCED
29. PERSEUS
30. TRNSYS16
31. UniSyD3.0
32. CHPSizer
33. CO2BD
34. EMPS

35. DER-CAM
36. DIMES

37. DREAM
38. E3database
39. Endur

40. EFOM

11. Hybrid Designer
12. HYSYS
13. SOMES
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