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Purpose of this guide

This guide will walk you through the process of
building a 2050 Calculator, step by step, based on
the experiences of teams around the world who have
already built their own Calculators. Compared to most
energy models, a 2050 Calculator is relatively simple
to build, use, and understand; however, each city,

region, or country will have its own specific challenges.

This guide is aimed primarily at people thinking of
building a 2050 Calculator, but it's also for anyone
wanting to explore whether a 2050 Calculator
may be of use to them, or for those who are

just interested in the approach, including policy
makers and analysts working in government, but
equally those working in industry or academia.

This guide builds on an earlier draft developed by
the first UK Calculator team (made available in draft
form in 2014), with updates to reflect the current

UK Calculator (MacKay Carbon Calculator) and the
experiences of the 2050 Calculator programme team.

As this guide may not be able to answer every question,
an online international community has also grown to
allow users to share their experiences and expertise.

This guide contains a chapter on each step of the
process to build and launch a 2050 Calculator:

Chapter Content

What is a 2050 Calculator? How to use
one and the purpose of this guide

1 Introduction

2 Getting started

3 Defining the scope

4 Setting ambition levels

Building support, building a team, and planning your project

Mapping sectors, drawing logic trees, choosing
levers and outputs, and searching for data

Setting ambition levels 1 to 4, engaging stakeholders
to review them, and writing one-pagers

5 Building the Calculator spreadsheet Building the model in Excel

Sector specific guidance on energy, buildings, transport,

6 Sector specific guidance

industry, land use, bioenergy and waste, farming and

forestry, and bioenergy and waste transformation

7 Adding other outputs
8 Quality management

9 Putting the Calculator online
10 Launching your Calculator
11 Influencing policy

12 Engagement and education

13 Keeping the Calculator alive

Adding in costs, air quality, and energy access
Running quality assurance on the Calculator
Why put the Calculator online and how to do it

Being open and transparent, example pathways,
launching and re-launching the Calculator

Testing existing policies, developing
new ones, and reporting data

Influencing the influential and the My2050 tool

Institutionalising the Calculator and
the international community

Note that this version of the guide does not cover the development of the My2050 tool.

1. Introduction

1.1 What is a 2050 Calculator?

The 2050 Calculator is a uniquely open source,
transparent, and interactive energy and emissions
model that can be used to identify a range of
physically possible scenarios for the future. This
could be with the aim of reducing emissions

to tackle climate change, improving air quality,

or reducing dependence on fuel imports.

The first 2050 Calculator was developed in 2010
by the UK’s Department of Energy and Climate
Change (DECC), now the Department for Energy
Security and Net-Zero (DESNEZ), to help the

UK Government to plan the country’s low-
carbon transition in an evidence-based way.

The 2050 Calculator allows experts and non-experts
alike to model various combinations of technologies
in different sectors of the economy to explore energy
and emissions scenarios up to 2050 and beyond. The
technical energy balancing model at the heart of the
2050 Calculator has been extensively peer reviewed
by experts. The model brings together sectoral
trajectories in various ways to construct possible
pathways to 2050 and beyond. The 2050 Calculator
helps everyone to engage in the debate around net
zero energy pathways and allows governments to
confirm planning is consistent with long-term aims.

The 2050 Calculator takes a systems approach and
covers all parts of the economy and greenhouse gas
emissions. It's rooted in scientific and engineering
realities and looks at what is thought to be physically
and technically possible in each sector in the future. It
allows the user to consider the choices and trade-offs
that are likely to be faced in a particular country.

Crucially, the 2050 Calculator can outline in minutes
what would take months of work from experts. It
allows you to answer the fundamental question

of ‘how far can we reduce emissions and meet
energy needs?’ The model can be used to:

» Engage scientists, engineers, policy
makers, and the public on how a country’s
emissions could change over time

» Bring energy and emissions data alive

» Show the benefits and trade-offs of
different versions of the future

* Openly challenge long-held
beliefs on what is possible
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* Help create realistic policies, Nationally
Determined Contributions (NDCs), etc

» A 2050 Calculator can be built in 6 to 12 months.

» A 2050 Calculator can be built by a core
team of between 5 to 10 people.

« Institutionalising and regularly updating
the model is key to keeping it relevant.

1.2 How to use a 2050 Calculator

Users choose various combinations of technologies
in different sectors of the economy to explore energy
and emissions scenarios. They do this by moving a
number of ‘levers’ — usually around 40 levers. The
levers change either the supply or demand of energy
in a particular sector; for example, building nuclear
power stations or reducing the distance people travel by
car. Users can also change the energy infrastructure,
like adding electricity storage or technologies such

as geo-sequestration which do not quite fit under
supply or demand. The combination of choices

create a ‘pathway’, and the 2050 Calculator then
displays the implications of the pathway over time (for
example, in terms of energy demand, greenhouse
gas emissions, land use, and/or air quality).

For each lever, there are a variety of options to choose
from. Most will have four possible ‘levels of ambition’
labelled 1, 2, 3, and 4. These relate to the amount of
effort being used, ranging from doing nothing (level 1)
to putting in the maximum amount of effort or going
to the limit of technical feasibility (level 4). The levels
of ambition allow the user to see the range of opinion
from experts as to what’s possible in the future. See
chapter 4 for more details on levels of ambition. If
there’s a choice between different options with similar
levels of effort or where the concept of ‘effort’ doesn’t
really apply, then the levels are labelled A, B, C, and
D rather than 1, 2, 3, and 4 (for example, the choice
between plug-in electric or hydrogen vehicles or
different economic growth scenarios for a country).


https://www.gov.uk/guidance/carbon-calculator#the-mackay-carbon-calculatorhttps://www.gov.uk/guidance/carbon-calculator#the-mackay-carbon-calculator
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Figure 1.2: The web tool Source: Click here
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1.3 Calculators around the world

As a methodology, the 2050 Calculator has been
widely adopted. 67 countries, regions and territories
have adopted a similar approach and have built
their own 2050 Calculators to help inform policy and
increase public understanding of energy issues.

Since 2012, the UK Government has funded the 2050
Calculator programme through its International Climate
Finance commitment. The programme has supported
over 10 countries by providing tailored technical
assistance to create bespoke 2050 Calculators.

The UK Government also worked in collaboration
with a variety of organisations to build a Global
Calculator . The Global Calculator enables users to
explore the options for reducing global emissions
and the associated impact of climate change.

1.4 What makes the Calculator
approach different?

It’s easy to use — The 2050 Calculator

can be used by policy makers, ministers,
academics, non-governmental organisations
(NGOs), and the general public. It provides
a common language and instant answers to
questions for both experts and non-experts.

It’s accessible, open, and transparent — The
model is built in Excel and is published online with
all assumptions documented. Expert stakeholders
have been consulted during the build process.

It includes all energy and emissions — The
model brings all your options into one place
and can include implications for land use, air
quality, energy access, and energy security.

It’s engineering-based, not economics-
based — The model shows what is
possible, not what is probable.

Some other models only include the power

sector or do not include process emissions from
industry or from land use. The 2050 Calculator
covers all energy forms (oil, coal, gas, biomass,
electricity, etc), and all emissions (from fossil fuel
combustion but also from industrial processes and
land use, etc); this makes it a more powerful tool,
as all options, and their impacts, can be seen.

Many energy models are based on economics,
looking at what effect changing prices, demand or
supply could have on the market, and in turn, what
the optimal energy system would be under these
circumstances. Such models use complex equations
and assumptions about the behaviour of individuals
and firms. They’re sometimes called ‘black box’
models because inputs go ‘in’ and outputs come

‘out’, but it’s not clear what’s happening in the middle

because they’re so complicated. Typically, this means
that only a few experts can properly use such models,
and consequently public trust in them can be low.

The 2050 Calculator is different in that it's based more
on engineering than on economic forces. Users choose
from a range of options for the future without needing

to consider the set of circumstances that would cause
them to come about. It avoids any assumptions about
what motivates behaviour and instead allows the user

to see what the impact of changing behaviours directly
would be. It's about what’s possible, not what's probable.

The 2050 Calculator also differs from most models in
that it's not a ‘black box’. It's as simple as possible,
S0 as many people as possible can use it. It is also
as transparent as possible, so the inner workings
are not a mystery. The model is built in Excel so
people with no specialist training can open it up

and see the calculations. It also produces answers
instantly, rather than taking hours or days to run.

A marginal abatement cost (MAC) curve is another
tool that’s often used by economies to look at the
mitigation options available. It gives a good overview
as to which options are cheapest, but because it looks
at each technology separately, it doesn’t consider the
co-benefits of combining different actions together;
for example, shifting to electric transport can increase
emissions if it's not combined with decarbonising the
electricity supply. The 2050 Calculator shows how
demand, supply, and emissions interact dynamically
across sectors, and how entire pathways can be built.

The 2050 Calculator can help answer
fundamental questions such as:

* How far could renewables satisfy
energy demand in the future?

» What could be the impact of individual
behavioural change?

* How much fossil fuel will need to
be imported in the future?

* What's the impact of eating
more meat on land use?

* What'’s the impact of improved forest
management on emissions?

* Which pathways could achieve an
x% emissions reduction target?

» What'’s the impact of delaying action?

» Could we reduce emissions with high
levels of economic growth?

* How much would this cost?
* How diverse will my energy supply be in 20507
* Will supply meet demand?

1.5 A brief classification of energy models
and where the 2050 Calculators fits in

There are more than 100 credible energy
models. It's important to use a model
that matches stakeholder needs.

The 2050 Calculator provides an intermediary depth
of analysis and an intermediary depth of interaction
between the different sectors covered by the model.

It's less detailed than the frequently used optimisation
models (e.g., PRIMES, TimesMarkal). While these

models enhance the relationships between the different
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sectors, the 2050 Calculator deconstructs relationships
with levers and some links between different levers,
enabling the 2050 Calculator to provide real time results.

A common pitfall is to start with optimisation modelling
prior to having a sufficient understanding of the potential
solutions. We recommend using the 2050 Calculator

to complement optimisation models and sector

specific models to refine the pathway specifications.

Figure 1.4: Energy model use and Calculators
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1.6 Case Study: The UK’s
Carbon Plan (2011)

The 2050 analysis for the UK’s Carbon Plan
(2011) is an example of ‘joint model working’.

1. The UK used MARKAL to produce
a lowest cost pathway to 2050.

2. The team put this MARKAL pathway into the
Calculator. From this, the team produced
three other pathways. The user-friendliness
of the tool made it easy to agree these
across government. The team explored
the air quality and land use implications.

3. The team estimated the costs of these
pathways using MARKAL, the Calculator
and ESME models. The team compared the
results to get a full picture on the costs.

The 2050 approach is a useful starting point
if you are at an early stage of modelling or
a useful complement to existing models.

Delivering our
low carbon future

December 2011 &% HM Government

1.7 Project phases

Developing and launching your own 2050 Calculator
can be done by following four main phases:

* Initiation

» Scoping

* Model development
* Launch

The initiation phase involves getting support
from government and other key stakeholders,
setting up a team, and securing the resources
and funding needed to proceed. The duration

of this phase can vary widely depending

on how long each of these steps take, and
particularly the appetite of key individuals within
government. See chapter 2 for more details.

The scoping phase involves defining the
2050 Calculator scope, starting to investigate
the availability of data, and building the capacity
of the team. See chapter 3 for more details.

Model development is expected to take around
6 to 9 months. While a fairly quick first version of
the 2050 Calculator can be developed in a couple
of months based on the UK’s MacKay Carbon
Calculator, changes to the model design to reflect
a country’s national circumstances, and the need
to engage with stakeholders on the data, will
require some time, making this the longest part of
the project. See chapters 4 to 9 for more details.

The launch phase is about ensuring that the
results of the 2050 Calculator are communicated
to an influential audience in an effective way.
This will be the time to interrogate results to pick
out the key messages that the 2050 Calculator
has highlighted about different pathways to
2050. See chapters 10 to 13 for more details.
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Possible tasks within each of these phases are shown in the table below.

Where to look

Task list Duration in this guide
Scoping phase 3+ months Chapter 2
1. Obtaining support from government and other key (Let's get started)
stakeholders
2. Determining the aims and objectives of the project
3. Identifying a team
4. Preparing a project proposal and securing funding and
resources
Initiation Around 3 Section 2.3
1. Define the project governance: months (Build a team)
a. Establish the core team Section 2.4
b. Map other key stakeholders (Engage with
c. Describe roles and responsibilities stakeholders)
d. Define execution and deliverable format of the project Chapter 3

2. ldentify stakeholders

3. Define the Calculator scope:

a.

Inception workshop to introduce the project to
stakeholders and gather feedback on:

i. The scope of project within the different sectors
ii. Availability of good quality data (or lack of it)

iii. The uses of the project end products in the context of
the country and in relation with other models used

Building on the inception workshop feedback, clarify

the sectors to be included/excluded and define their
respective target level of detail (i.e., decide which
sectors should be modelled in a detailed way, and which
could be modelled at a higher level)

4. Build the capacity of the project team:

a.
b.
C.

Assess training needs
Build capacity related to sector modelling

Training on advanced Excel skills to enhance the
capability of the core working team if needed

(Define the scope)



https://www.gov.uk/guidance/carbon-calculator#the-mackay-carbon-calculator
https://www.gov.uk/guidance/carbon-calculator#the-mackay-carbon-calculator
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Model development Around 6 Chapter 4
1. Model each sector: to 9 months (Set ambition levels)
a. Development of lever map
and logic trees for each sector
Data collection, analysis, and validation
c. Development of draft version of the Excel spreadsheet Chapters 5
d. Hold various technical consultation workshops with key (Build the Calculator
relevant stakeholders for each sector to solicit feedback spreadsheet) and
6 (Sector specific
2. Develop scenarios: guidance)
a. Draft scenarios
b. Stakeholder consultation to collect feedback
c. Integrate stakeholder feedback
3. Develop the web tool: Chapter 8
. . . . (Putting the
a. Develop the public online web tool to share with wider Calculator online)
audience
b. Stakeholder consultation based on the online platform
(call for evidence)
c. Integration of any stakeholder feedback
. . Chapter 9
4. Quality checking of work (Quality control and
5. Gain internal Sign-Oﬁ qua“ty assurance)
Launch Around 3 Chapter 10
months (Calculator launch)

1. Prepare communications material — including website
2. Final model launch:

a.

Launch of endorsed model in an event attended by
ministers and high-level representatives to make an
opening statement on the various uses of this model,
and demonstrate its use so far

3. Outreach activities are important in ensuring that the 2050
Calculator is used by a wide range of stakeholders. Outreach
activities could include the following:

a.

Workshop(s) for other government departments, NGOs,
academics, industry bodies, and other stakeholders to
demonstrate how to use the 2050 Calculator and also
how to develop pathways

Workshop(s) or events for general public to raise
awareness of the tool

Outreach in schools and universities
Leaflets, online articles, or other promotional activities

Chapter 11
(Influence policy)

Chapter 12
(Engagement
and education)

The timescales shown above are meant as a
guideline only. In practice, it may be necessary to
spend more or less time on any of the phases.

When drawing up a project plan, it's important to
consider other events that may impact the timeline.
Perhaps there’s an existing conference that would
be perfect to launch the 2050 Calculator, or perhaps
there is a busy period coming up that’s best avoided.
Adapt your timetable to fit in with these events.

1.8 The 2050 Calculator
international community

With so many teams around the world building
their own Calculators, there’s a great opportunity
to share experiences and expertise to help spread
the message of the tool as a transparent model

to support evidence-based policy making.

A UK Government-funded programme is currently
supporting countries to move to a more sustainable
development pathway and to reduce their emissions
at a faster rate by creating and using 2050
Calculators. The programme is led by the Department
for Energy Security and Net Zero with support from

a consortium led by Mott MacDonald and including
Climact, Imperial College London, and Ricardo AEA.

One objective of the programme is to grow the
2050 Calculator international community to
promote learning between countries, including:

* AlLinkedIn group for members of the
international 2050 Calculator community to
interact and collaborate with one another.
It's a good place to ask specific questions
you may have about building a 2050
Calculator, with first-hand engagement from
community stakeholders around the world
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* Annual international workshops up to 2023

* A website which hosts information about
the 2050 Calculator and the programme,
its history, links to completed Calculators,
a resource library with training material,
and news and information on events

*  Quarterly newsletters are issued to the
international 2050 Calculator community by
email to provide updates on applications,
methodology developments, project news,
interesting new pathways, insights, articles/
papers, challenges, and opportunities
for collaboration, as well as updates on
conferences and meetings. Past newsletters
can be found on the website (under ‘News’).

The community is available, not only to ask
questions and seek support, but also to support
others. Every team building a Calculator has
unique challenges and their own skills and
ideas which may be useful for new Calculator
teams or teams facing similar issues.



https://www.mottmac.com/
https://www.imperial.ac.uk/
https://www.ricardo.com/en
https://www.linkedin.com/groups/8512747/
https://www.imperial.ac.uk/2050-calculator/
https://www.imperial.ac.uk/2050-calculator/news/
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Let’s get started

21 Plan your project

At the outset, it's important to consider the
context of your project, for example:

* What are the existing energy sector
plans and policies in your country?

* What's your country’s NDC and long-term
strategy under the Paris Agreement?

* Are there any ongoing complementary projects?

* What existing energy models are already used
in country, and how do these currently inform
plans and policies? How will your project
complement existing energy models?

Similarly, think about what the main aims and objectives
of your project will be. Countries with successful 2050
Calculators had a good idea of what the Calculator
would ultimately be used for. Examples from other
countries include one or more of the following:

» Contributing to NDCs
* Preparing energy sector plans
» Informing energy and climate policy and strategy

* Engaging government, industry,
academics, and the public

» Strengthening capacity.
What are the main risks to successful completion of the

project and to the project meeting its aims? Describe
how you will mitigate each risk. You might consider:

» Lack of political support

» Lack of capacity

» Lack of stakeholder support

» Poor quality and/or unavailable data
* Delays to the timeline

* The completed 2050 Calculator not
being used for the project aims.

Having a clear answer to the above questions will help
guide you throughout the rest of the planning phase.

2.2 Case Study: The case for a new
2050 Calculator in Nigeria

In 2020, the Nigerian team began developing a
new national 2050 Calculator. At the time, about
50% of the population did not have access to
electricity, about 80% of grid electricity supply
was from gas power, and the energy sector

and Agriculture, Forestry and Other Land Use
(AFOLU) accounted for 60% and 25% of total
GHG emissions respectively. The last approved
executive National Energy Policy was in 2005.

The team recognised that there need to have
a comprehensive all-inclusive energy policy
which captured the importance of reducing the
effects of climate change and capture Nigeria’s
commitments to emissions reduction as party
to Paris Agreement and stated in NDCs.

The Calculator project was designed
with all of this in mind:

» To give insight when it came to
drafting the next energy policy

» To make it easier for stakeholders to chart
pathways of renewable and clean energy
technologies to deliver energy needs

» To guide the development of energy
transition masterplans

* To support increasing NDC commitments.

An updated energy policy would aid in attracting
financial investments in the energy sector,
support the development and scaling of new,
clean energy technologies and show Nigeria’s
commitment towards emission reduction and
fighting the effects of climate change.

2.3 Build support

A 2050 Calculator is a powerful tool if it'’s built with
support from government from the outset. This
focuses the project on the questions that those
with influence really want answers to, as well as
creating a ready-made audience keen to take on
board the key messages once it’s finished.

Finding a government body to sponsor the project and
take eventual ownership of the model is extremely
important at this early stage as it can provide political
leadership and resources, link the 2050 Calculator to
government plans and policies, and help communicate
the results of the project to stakeholders.

This is also the time to kick start engagement with
policymakers. This should continue throughout
the development of the 2050 Calculator eventually
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allowing them to use the finished Calculator to
evaluate existing policies and help inform new
plans and policies (see chapter 11 on influencing
policy). Countries with successful 2050 Calculators
engaged at the policy level early in the process.

Which government body would the 2050 Calculator
sit with? Answering this can be a challenge, as every
country or region has its own system. In the UK,
responsibility for energy and climate change resides
in one single department in government, making it a
natural home for such a project. In other countries,
the situation might not be so clear, but there may be
one organisation that has responsibility for energy or
environmental policies, or one department that has
responsibility for long-term planning in general.

Table 2.1: Where do existing Calculators sit?

Calculator Sponsor/Owner

Colombia 2050 Calculator

India Energy Security Scenarios 2047

Kenya Carbon Emission
Reduction Tool (KCERT)

MacKay Carbon Calculator (UK)

Ministry of Energy

Minambiente (the Ministry of Environment and Sustainable Development)

NITI Aayog, the Indian Government's Planning Commission.

Department for Energy Security and Net Zero (formerly
Department for Business, Energy and Industrial Strategy)

Nigeria Energy Calculator (NECAL2050) Energy Commission of Nigeria (ECN) and the Federal Ministry of Environment

Thailand 2050 Calculator
2050 Energy Calculator (US)
VN2050Calculator4NDC (Vietnam)

Nevertheless, other organisations across government
will still need to be consulted, since the 2050 Calculator
covers everything from building regulations to public
transport policy. It's important to involve as many
people as possible as early as possible, so that they
feel part of the project. If consultation only begins once
the 2050 Calculator is built, it’s likely that opportunities
to learn from expertise will be missed. Using
stakeholder knowledge to build the 2050 Calculator

is the preferred approach, as it's much more difficult

to correct mistakes once a Calculator is completed.

Energy Policy and Planning Office (EPPO) of the Ministry of Energy
Department of Energy Office of Nuclear Energy (DOE-NE)
Ministry of Industry and Trade (MOIT)

It's likely that a lot of knowledge about the energy
system and modelling expertise is held not just at
government level, but also in universities, institutions,
consultancies, and NGOs. Talking to researchers
from all backgrounds can be very helpful. It may be
more effective for a government to commission a
university or other organisation to do the modelling
work for a Calculator, particularly if individuals
within that organisation have the capacity, appetite,
and capability to undertake the project, or have
already worked with government in similar projects;
for example, the University of Cape Town built

the South Africa Calculator in partnership with the
country’s Department of Environmental Affairs.
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24 Build a team

A 2050 Calculator can be built by a core team
of between 5 to10 people. The team does not
necessarily have to work on the project full time.
Many teams have developed a 2050 Calculator
while continuing to work on other things.

Each team will need a project leader who
will be responsible for the strategic aspects
of the work and ensuring that the project has
political support. The project leader will

» Provide political and stakeholder leadership
» Be convinced that the 2050 Calculator
is a priority worth pursuing
» Be responsible for getting ministers and
high-level officials to support the work
» Have good contacts in climate and energy sectors
» Ensure the team has the resources
and time to complete the project
* Link the 2050 Calculator to other
government priorities
* Be involved in communicating the
results to stakeholders.

A project manager or coordinator will be
needed and will be responsible for:

» Day to day management of the project
* Reporting to sector leads
* Managing the budget and schedule of the project

The team will also need a capable modeller to
oversee the model development. The modeller will:

» Have expertise in Excel

Figure 1.1: Indicative team structure

« Collate the work of the sector leads into one tool

* Be numerate but doesn’t necessarily need to have
a background in energy or climate change.

The team will need somebody to lead communications
with external stakeholders (see section 2.5 below

on engaging with stakeholders and section 10.4 on
communications strategies when launching your
Calculator). This could be done the project manager

if they have the right skills and experience, or could
be carried out by somebody else in a specific role.

The sectoral pieces of work can be achieved by 3-5
sector leaders, who will be responsible for developing
four trajectories for each sector. The sector leaders
don’t necessarily have to be experts in their field, but
they need to be comfortable conducting literature
reviews and coordinating opinions from stakeholders,
and they need to have confidence interpreting
competing views. A good sector leader will:

* Have good research skills

» Be willing to take on a subject and quickly
identify pieces of relevant evidence

» Have knowledge of energy and climate (an
advantage but not always essential)

» Be able to bring together experts
and summarise views

» Have clear writing skills to present findings.

The size and configuration of the implementing
team will depend on what resources are available
and will therefore look different for each country.

The organogram below shows one way that a
team might be organised — but this is flexible.

Project lead

Project manager

Excel modeller —

Communications/

engagement lead

Sector lead Sector lead

Energy demand

Sector lead
Energy supply Transport

Sector lead Sector lead
Industry LULUCF

Note: This structure is indicative only and could be organised in different ways according to country
needs. LULUCF = land use, land use change, and forestry

25 Engage with stakeholders

Stakeholders are individuals, groups, or organisations
that are directly involved with, or indirectly affected by,
the 2050 Calculator. Engaging with stakeholders during
the development of the model and involving them in

its co-design helps to ensure that the Calculator is
robust and will be used when complete (see chapter

11 on influencing policy and chapter 12 on using the
Calculator for public engagement and education).

Ensure that there is a clear method for mapping,
identifying, and engaging with stakeholders.
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This will increase the robustness of the process,
will reduce the risk of stakeholder groups

being omitted or under-represented, and will
provide a record of actions taken and why.

Identifying stakeholders is a good opportunity to

use the Theory of Change (Figure 2.1), a specific
methodology for planning and participation. By using
the theory, you can define long-term goals, then
trace or map backwards to identify the steps, and
people needed, to achieve the long-term goals.

Figure 2.1: Theory of change infographic, demonstrating the iterative

nature of the co-design process

Activities/
Inputs

Goals Objectives

\

Outputs Outcomes Impacts

Figure 2.2: The application of ‘theory of change’ within stakeholder
engagement, demonstrating the iterative nature of the methodology

RNV RN

Stakeholder

Mapping ID

Development

Interaction Engagement &

Data Collection

2.5.1 Map stakeholders

Stakeholder mapping is the visual process of laying out
all the different types and areas of stakeholders of a
project on one map. The main benefit of a stakeholder
map is to get a visual representation of all the people
who can influence, or be influenced by, your project,

and see how they’re connected. What sectors do your
stakeholders work in? (E.g. land, energy, transport,
renewables.) What are their specialisms? (E.g.,
analyst, policy maker, academic.) Are they on the
development or user side of the 2050 Calculator?
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Keep in mind what the main aims and objectives
of your project are (see section 2.1 above on
planning your project). What types of stakeholders
will help meet these? What are the main risks to
successful completion of the project are. Who
should you engage to help mitigate these?

There are generally two types of stakeholders involved
in a 2050 Calculator project: those involved in the
design/build of the Calculator (including analysts

and engineers) and those targeted as users of the
completed Calculator (such as policy makers and

the public, for example). Both types of stakeholders
should be engaged during development but different
approaches may be taken for each type.

» Typical stakeholders involved
in the design/build:
» Policy makers
* Analysts
» Academics
» Sector specialists
* Engineers
* Representatives from industry
* NGOs

+ Typical stakeholders targeted as users:
* Policy makers
* Analysts
» Academics
* NGOs
* Interested members of the public
» Students
 Schoolchildren

2.5.2 Identify stakeholders

Once a stakeholder map has been produced outlining
the anticipated areas that stakeholders will represent,
stakeholder identification can commence. Common
methods of stakeholder identification include:

* Known experts — identify leading experts
in the field from collective knowledge within
the team. This may also include a review of
government department organograms, news
articles, LinkedIn and other online resources.

* Focus groups — within your team or
with known experts, use focus groups to
identify other groups of stakeholders

¢ Semi-structured interviews — with known
stakeholders (experts or 2050 Calculator users)
present a pre-determined set of questions to
explore who else could be a stakeholder

* Snowballing — the most commonly used
technique, it's often combined with the above.
Each time you talk to a known stakeholder,
ask who they would recommend as other
stakeholders. The list is exhausted when no
new stakeholders are being suggested.

The whole process is iterative. Your map will evolve
as you develop your list of stakeholders, which, in
turn, will feedback into your identification process,
and help identify if there’s an under- or over-
representation of a particular set of stakeholders.

2.5.3 Develop stakeholder engagement plans

Once you have your list of stakeholders, there are
various ways to interact with them. Understanding
the number of stakeholders and their relevancy

to each sector at each stage of the 2050
Calculator development (e.g., developer versus
user) helps to inform appropriate methods.

Stakeholder mapping can also help inform the
development of stakeholder interaction; for example,
mapping stakeholders on an influence versus interest
matrix can help identify important stakeholders

that must be included in all co-design stages (high
interest, high influence), or stakeholders that should
be kept informed about progress and invited to later
stages of engagement during the call for evidence
only (high interest, low influence or vice versa).

This stakeholder planning, mapping, and

identification phase can be run in parallel to early
2050 Calculator development. It will help ensure

that, when it's time to start including stakeholders

in engagement and data collection (section 4.6),
there’s a comprehensive, representative, and relevant
list of stakeholders available, and the best method

of interacting with them has been established.

Countries where the calculator process has worked
well had a better idea of what the calculator

would ultimately be used for - and engaged at

the policy level earlier on in the process.

Because of the iterative process, it's important to
keep clear records of actions and reasoning, as it
helps reduce confusion or repetition when feeding
new information back into previous steps.

Figure 1.1: Influence
versus interest matrix

Keep satisfied Manage closely

Influence

Monitor

Interest

2.6 Case Study: Nigeria:
Engage early and often

During the development of the first

Nigerian Calculator, what little stakeholder
engagement took place was mainly after it
had been launched. As a result, government
agencies and other organisations had
limited awareness and understanding of
what they could do with the Calculator.

In 2020, the Nigerian team began afresh by
developing a new national 2050 Calculator.
To drive greater use second time round, the
team created a steering committee made
up of government stakeholders. Having this
committee participate in the development
process increased both their awareness of
the Calculator and sense of investment of
it, making it truly useful for guiding energy
policy. The team also carried out an extended
period of outreach once the project finished.

Early stakeholder engagement also
benefited the project team. To create the
new Calculator, the team needed access to
data on the region or country. This can be
challenging for varied reasons, from poor
record-keeping to bureaucratic roadblocks,
which early government buy-in helped
overcome. Early engagement widened and
strengthened the network of stakeholders,
and gave the team better understanding of
their viewpoints and needs. And it encouraged
sharing of insights the Calculator yields.
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Define the scope

31 Map sectors

The 2050 Calculator works by splitting the energy

and emissions system of a country or region into
various sectors, modelling the energy demand, supply,
and emissions in each sector up to 2050 , and then
adding them all together to show the total figures.

The first step is to decide how to divide the energy
and emissions system. This will depend on each
economy, and on what you want to find out; for
example, ‘residential heating’ is a major source

of energy demand in the UK due to the climate.

In a country like Thailand, where it's warmer, air
conditioning will be a more important area to focus
on, so ‘cooling’ is a more appropriate choice. If a
sector is not relevant (for example, ‘wave power’
in a land-locked country), do not include it.

In the first UK Calculator, ‘industry’ was modelled
as one sector, but the Calculator of the Belgian
region of Wallonia splits industry into a variety of
sectors so it could be modelled more accurately.
The first Indian Calculator splits ‘electricity supply’
into low-carbon technologies and conventional
technologies, which the team decided was a

very useful distinction for reporting results.

In general, aim to:

* Have as few sectors as possible so
that it's a quick to use tool

« Cover the whole economy and all emissions (it's best
not to ignore land use or industrial process emissions)

* Include all the sectors that people expect, even
if they’re small (for example, if most people think
that ‘rooftop wind turbines’ are an important
potential energy source, then it should be
included even if this is factually incorrect).

As a rule of thumb, 40 sectors are about right.

It's recommended to start ‘top down’, rather than
working ‘bottom up’, i.e., start by thinking about
the transport sector and the fewest sub-divisions
possible, rather than thinking of all the possible
types of vehicles and how they might be modelled.

The various sectors in the energy economy obviously
overlap and interact with each other to produce
overall supply, demand, and emission figures. It's
crucial to understand this interplay and to take it into
account when designing the model, but not to get
overwhelmed by it. Everything should be covered
once, but once only to avoid double counting.

The mutually exclusive and collectively exhaustive
(MECE) principle should become a mantra for

the project, so that the same energy or emissions
inputs don’t appear multiple times in the model

and make results inaccurate. For figures that are
relevant to multiple sectors, exactly where they go
in the model will be a matter of personal preference.
In such cases, as long as everything is properly
documented, there’s no right or wrong answer.

It may be helpful to consider linked technologies
together, as this will minimise interaction
between sectors; for example, it's recommended
to include one sector for ‘heating and

insulation’ since they interact so much.

3.2 Create logic trees

The abiding principle when building a 2050 Calculator

is that the model should be ‘as simple as possible, but
no simpler’ — you must strike a balance between making
sure it's easy to understand, yet still analytically robust.

Model each sector as simply as possible without
compromising accuracy too much. The overall
figures, and the major driving forces in supply

and demand behind them, are what needs to be
correct. Modelling the intricacies of each sector can
end up making it more difficult for non-experts to
understand what’s going on. Understandably, some
experts may not like this approach initially, but this
has been key to the 2050 Calculator’s success.

Once you have divided the energy system into sectors,
it’s time to look at each sector in more detail and
identify the major drivers behind them. This process
will help identify what levers (inputs) you can pull to
change demand and supply (see section 3.3 below
for more on this). You do this by drawing logic trees,
which are simple diagrams that show the way in
which energy supply and demand relate to produce
outputs. At the top of a driver tree is the output the
2050 Calculator is focusing on, like emissions or fuel
use. Logic trees are another way of displaying the
data and calculations present in the model. If they're
accurate, building your model will be a lot easier.

Developing logic trees early on will simplify the
development of a 2050 Calculator. Logic trees allow a
visualisation of the major elements of the calculations
needed in the model. The visualisation will help you
think through the calculations necessary, while the

diagram can also be used to increase stakeholder
insight and understanding. If you get the logic trees
right, building your model will be a lot easier.
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A logic tree diagram will help stakeholders to
understand the inner workings of sectoral elements
of the Calculator, and how different sector policies
controlling emissions could act. This insight and
understanding will help stakeholder engagement.

Figure 3.1: Example logic tree for transport sector

= Transport (Excluding Aviation)

Share of engine
type for the

Vehicde distance
travelled per mode

K Vakicla) ‘ considered mode*

(%)

y

Vehide distance

Product of two terms

travelled per mode
and per engine
type (km.vehicle)

Engine types are: Electric, Hydrogen, Plug -in
Hybrid Electric Vehides, Internal combustion
engine

Product of three terms

Technology types are (energy vectors):
Electricity, Hydrogen gaseous, Fossil Fuel
liquid, Bioenergy liquid

One transport mode have different engine
types that may have different technology
types (e.g. cars may be electric, hydrogen,
PHEV, internal combustions. PHEV cars have
three technology types: electricity, FF liquid,
bioenergy liquid).

| *User specified shares are adjusted based on I
| the following priority order: EVs, HydrogenV, |
| PHEVs, ICEs (for remaining %) |

2050 Calculator— UK MacKay Calculator presentation and logic trees

3.2.1 Defining the main assumptions

The development of logic trees is the first modelling
step in building a Calculator once the model scope

is mapped and defined. Modellers decide what the
historical data input will be; sketch which levers will
be used (this will be formalised in a later step); and
how the assumptions, historical data, and levers will
influence energy consumption and related emissions.

The tree structure can be a function of the data
availability. The choice of the data sources will impact
the tree structure