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Introduction 

The 195 nations that signed the historic COP21 agreement in 
Paris in December 2015 now have to face up to the commitments 
they’ve made under their INDCs (Intended Nationally Determined 
Contributions). These are the voluntary reductions in carbon 
dioxide emissions that each country has committed to, intended to 
stop the Earth from permanently warming by over 2°C above  
pre-industrial levels. 

As the conversation moves from ‘the what’ to ‘the how’, Arup is 
sharing a modelling tool called 7see, which helps industrialised 
economies visualise transitional scenarios that could deliver 
that low-carbon future, without turning their backs on economic 
growth, stable employment or prosperity. 

In a collaboration of academics and other colleagues, we have 
developed the 7see framework to shed new light on the complex 
relationship between sectors of economic activity, growth and 
carbon emissions. In a way we think of it as rendering visible the 
engineering of our economy. 

As this article will show, this model is about visualising potential 
economic scenarios. In the realm of policy-making the right 
models will help policy-makers evaluate and commit to more 
ambitious yet pragmatic solutions. Given the level of structural 
change required in shifting a country’s energy production basis, 
understanding how, what and when to change will be key to 
making progress.
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Behaviour of the model

One facet of 7see is as a methodology for visualising 
and analysing complex data about a country, focusing 
on ‘dwellings’ (residences) and the economic activity 
of six main areas: agriculture, extraction, utilities, 
manufacturing, construction and the service industry.  
We focus here on the UK as an example of its application.

Using a collation of official UK statistics dating back to 
1990 on economic output, infrastructure costs (including 
for their replacement), energy use, generation capacity, 
jobs, population, dwellings and transportation, the 7see 
model can generate valuable insights into the road ahead. 
It uncovers how the interlocking parts of our economy 
use energy, how employment and wealth are generated, 
and, importantly, how the economy might transition to 
deliver a low-carbon future.

Contrary to the doom-laden suppositions of some 
economists and policy-makers, 7see suggests that it 
is feasible to create a robust scenario in which the 
transition to a low-carbon economy is possible, without 
giving up on economic growth (GDP) and high levels of 
employment in the economy.

The burning issue 

The COP21 agreement defines nations’ commitments 
to reducing demand for energy created by burning 
fossil fuels. For instance, we want continued growing 
use of electricity, but somehow have to generate it with 
decreasing emissions of carbon dioxide. 

The underlying requirement is therefore to shift the 
production of energy en-masse to different, non-carbon 
sources as well as accelerating energy efficiency and 
demand reduction. On current projections the existing mix 
of energy generation technologies will mean the UK fails 
to meet the required 80% drop in the emission of carbon 
into the atmosphere by 2050. Figure 1, below, makes this 
all too clear. The business-as-usual line that trends up after 
2025 represents continued emission of carbon dioxide into 
the atmosphere.

But with 86% of our existing energy derived from burning  
fossil fuels how could we afford such systemic change? 
Would there be increased unemployment? Could we 
literally afford to keep the lights on during such a 
transition from one energy infrastructure to another?
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Figure 1

Historical and projections of UK territorial carbon 
dioxide emissions from combustion of fossil fuels.
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An average 2°C increase in global 
temperature above pre-industrial 
levels is reckoned to produce extreme 
changes in weather, sea level rises 
and other threats to many existing 
populations around the world. 
COP21’s agreement is an attempt to 
commit nations to measures that will 
stop 2°C being exceeded. 

2°C

21.3 
billion As a planet we currently convert 

fossil fuels into 21.3bn tonnes of 
carbon dioxide in the atmosphere 
every year. Only about 50% of that 
CO2 is absorbed by natural processes. 
Finding and deploying new sources 
of low-emission energy that power 
our homes and businesses and 
transportation is therefore vital. 
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Seeing further with 7see

Using 7see allows us to link economic output with energy 
use in a realistic model, such as for the UK economy 
shown here. We’re focusing on “GDP” as it’s recognised 
as a rigorous and comprehensive metric of economic 
activity, one understood by ordinary people as indicating 
an economy’s health and trajectory. The “P” in GDP 
stands for production and we can mine these data in the 
same way as flows of energy. While we use UK GDP 
data going back to 1990, the Sankey diagram below is a 
snapshot showing how the working population was 
occupied and productive in 2010. 

Looking at the left hand side of the 7see Sankey diagram, 
the green flow represents jobs according to industry types. 
The beige boxes are the seven groupings of 7see. 

The majority of employment is in services, not 
manufacturing, or construction, or agriculture,  
or extraction, or utilities. With most of the working 
population employed in services (from retail to banking 
to healthcare to education to restaurants) rather than 
heavy extractive industry or physical production of goods, 
we have to understand the dynamic of this part of the 
economy. Where the model anticipates some significant 
change, say large-scale investment in off-shore wind farm 
capacity for example, there would be higher employment 
in manufacturing and slightly lower activity in the service 
industry until it has readjusted. 

Economists’ fears…

We often turn to economists to make predictions 
about likely outcomes, and they typically focus on 
price dynamics. For example, if each extra megawatt 
of renewable capacity costs a lot more than gas-fired 
generation, who will invest in the low-fossil alternatives? 

For basic essentials like power and water, price is a 
particularly sensitive issue. If we need energy generation 
to shift to a totally new infrastructure (such as large-scale 
deployment of off-shore wind power) the economists  
fear that the price of transition would be too great  
- we simply can’t afford the change.

Beyond the price

But a reliance on the price mechanism isn’t sufficient 
to evaluate whether different parts of the economy can 
adapt and change in the way we need. Market dynamics 
alone aren’t capable of capturing the effects of improving 
regulatory standards on energy generation for example. 
Prices of individual goods are only detailed in isolation 
and can’t inform us on the movement of an entire industry. 

That’s why our 7see model extends across all sectors of 
the economy to establish how they interact and affect each 
other. Only then can we establish if an economy will be 
capable of sufficient investment in the right places and 
remain healthy. 

Once this test is passed, then the details of policy 
implementation can be addressed. In some cases a price 
nudge might be sufficient to change behaviour, such as 
the sticks and carrots of tax and subsidy. Regulation might 
play a role, demanding that industry become more energy 
efficient. Targeted government investments could help new 
start-ups. And if any measures have a disproportionate 
price impact on the lowest-income households, then they 
should be provided with a safety net.
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Think of the beige boxes above as representing where people go to work (the green  
“Jobs” lines indicating numbers), adding value in their production of goods and services.

The right-hand side of the diagram is the ultimate destination for goods and services, either 
purchased by households, provided by the government or non-profits (NPISH, non-profit 
institutions serving households), or exported to consumers. The flow lines arriving here are the 
amount of goods and services in their final form.

The centre of the diagram is about the interactions between businesses in a vibrant economy. 
For example, coming up to join the goods line is a thick service line representing the value 
added to goods by being available from retail outlets.

7see: how the UK economy is productive
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Maintaining the standard of living

Faced with talk of the radical changes needed to achieve 
drastically lower carbon emissions, there has been a public 
fear of a reduction of standard of living. Indeed, sometimes 
it seems as if only the most extreme voices get to define the 
terms of discussion: zero-growth advocates on one side and 
oil-industry-funded, free-market enthusiasts on the other. 

And to a degree, if our standard of living was entirely 
based on ever-increasing production and consumption of 
physical goods, that fear would be understandable. Goods 
require production, energy, transport, all of which would 
need to be achieved via renewable energy if they weren’t 
to continue adding to our CO2 emissions.  

But it is an important insight of our examination of 
historical data that while the consumption of goods in the 
UK has been flat since about 2002, demand for services 
has grown tremendously. This is good news, as from 
healthcare to education, retail to entertainment, services 
are key to understanding both how increases in our 
standard of living are delivered and how most of us are 
increasingly employed in the UK. 
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As the historical half of Figure 2 shows, the consumption 
of services has been growing consistently (apart from a 
small dip after the financial crisis of 2008), helping both to 
understand our ‘standard of living’ and be the predominant 
source of current and future employment into the bargain.

The lower blue line in Figure 2 also shows that part of 
GDP which does not go to satisfying consumer needs  
and desires, but instead into investment in infrastructure. 
For the UK the trend here is about constant in real terms, 
but the move to renewables-based energy generation will 
in the short-to-medium term require a greater investment.  
In Figures 1 and 2 we show this 7see scenario for a possible 
low-carbon transition. Though we give a rough estimate of 
the cost here, it’s worth remembering that what we think of 
as “costs” – e.g. building off-shore wind farms, new energy 
grids, carrying out photovoltaic roof installations - involve 
payments for services and goods. In other words, they’re 
causes of economic activity and sources of employment.

Figure 2

Components of final demand in the economy comparing scenarios 
of business-as-usual and a possible low-carbon transition.
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Lowering services-related emissions

An important observation in Figure 3 is that the service 
industry was on a decades-long trend of using a decreasing 
amount of electricity per unit of services produced 
(according to their component of headline GDP). 
Unfortunately this positive trend has stalled since 2007, 
meaning additional interventions or changes to energy use 
will be needed in order for ongoing economic growth not to 
add to our carbon emissions. 
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Figure 3

The employment factor

When politicians or journalists debate economic policy, 
employment is one of the first metrics that gets raised. 
Will this initiative create or destroy jobs? 

There’s no denying that transitioning to a low-carbon 
economy will mean some modest changes in the 
employment mix. People working on gas fields, oil 
rigs or in coal mining will have to transition to new 
industries. There will be knock-on effects too. As the cost 
of new energy infrastructure is passed on to businesses 
and consumers, it’s possible certain goods might become 
unviable, creating a need for these jobs to change. 

But the wider context is the ongoing evolution and 
growth of the service industry where the bulk of jobs 
will continue to be. It is this industry that ultimately 
determines the level of unemployment so future 
scenarios should include macro trends of this industry 
and ensure that services grow at an appropriate rate.

Electricity intensity of the economic output of the service industry.
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Crucially, Figure 4 shows how the services component  
of the economy is actually a moderate proportion at 19% 
of total emissions. Given how many people are working in 
services, this means again that shifts in energy production 
or use won’t have a massive negative effect on economic 
activity or GDP.

All too often, carbon dioxide emissions are quoted in 
relation to the total headline GDP figure of an economy, 
but this single measure of emissions intensity hides key 
trends. For instance, emissions associated with dwellings 

are not really related to economic activity and need a 
separate spotlight. Our disaggregation into six industry 
groupings plus dwellings brings the appropriate level 
of detail without becoming overwhelming and losing 
stakeholders’ comprehension.

Our 7see model shows that, in one scenario, GDP isn’t 
negatively affected by the transition to a renewables/
low-carbon based economy. Growth continues, electricity 
generation grows (albeit by different means), and 
unemployment remains at a manageable level.

Figure 4

Historical mapping of UK territorial carbon dioxide emissions from combustion of fossil fuels.
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The staying power of a dynamic model

The 7see model is powerful for another reason. It can 
capture how investment in change dynamically affects 
the mix of outcomes over time. This is pivotal to building 
confidence and support for the initiatives needed among 
politicians, energy companies and wider society.

Imagine that in year one you make a large investment in off-
shore wind. Two years later more people are working in wind 
power – manufacturing turbines, installing them and so on. 
So now the need for coal has correspondingly depreciated, 
and the mix of the economy that is generating GDP from 
goods and services will have slightly altered. Five years later, 
when no-one is working in coal-powered power generation, 
so additional reductions in carbon emissions will need to 
come from other behaviour changes, or new technologies. 

Conclusion

Our 7see framework provides a sophisticated but 
accessible model that potentially helps many different 
stakeholders to predict and plot the changes needed for 
the transition to a low-carbon economy. Supported by a 
wide range of public data sources and made dynamic with 
rigorous trend analysis, it’s a powerful lens through which 
to view paths ahead. Though 7see only creates scenarios, 
with effective action needed by so many countries as they 
combat climate change, this kind of modelling will be vital 
to making the changes we’ve all committed to.

Using the 7see model we’ve projected how 
a set of policies would put us on a trajectory 
to achieve an 80% reduction in emissions of 
carbon dioxide by 2050, retaining a growth-
based, low unemployment economy:

• Switch to renewables including large-scale
off-shore wind and continued growth in
on-shore photovoltaics

• Achievable energy efficiency measures for
homes and businesses including industry
retrofitting to new standards

• 50% of new homes to meet ‘Passiv Haus’ 
standard

• Phasing out of coal and gas over time

80%
reduction in emissions 
of carbon dioxide by 2050

Picture the scenario:  
the measures needed
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