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Appropriate Responses To Climate Change

This paper is fundamentally about making the world a better place, mainly by
helping others — with the happy side-effect that it helps us too. The material
presented is really important. We are subject to negative messages about
climate change, and they can easily mislead and misdirect our efforts. We
need to find constructive ways to understand the reality of what is
happening, and work together to maintain the environment that supports us,

and needs to support the generations to come.

Whilst we may wish otherwise, the physics of what is happening with the
heating' of our atmosphere is well-established. From this it is surprisingly
straightforward to calculate the effect of adding carbon dioxide to the

atmosphere — the result is easy to remember:

Each extra kilogram of carbon dioxide in the atmosphere adds around an

extra watt of long-term heating?2.

This may not sound much, but consider that the UK per-person average of
living currently adds around ten thousand kilograms of carbon dioxide
equivalent (CO2e) to the atmosphere each year.3 We know that just over half
of that amount is mopped up by the oceans, plants etc. So an average UK life
adds around 5 kilowatts (kW) of long-term, ongoing heating of the
atmosphere each year. To be clear, two years add 10 kW, 3 years add 15 kW,
and a life of 80 years at current levels would add over a third of a megawatt

(MW) of ongoing heating of the atmosphere for generations to come. With all

1 We are talking about heating here. Of course we tend to think of heating in terms of temperature rise, but to get from
one to the other is where some of the distracting questions come in, and here, for once we try the approach of talking
about the size of the heating itself, as that might be helpful for overall understanding of the scale of what is going on.

2 See Appendix A for details.

3 See JRI Briefing Paper 53 — https://jri.org.uk/briefings/.
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countries of the world contributing to this heating, it is logical that the

atmosphere is getting warmer in the way that we experience.

There are many possible ways to reduce our impact on global climate and, as
with all complex situations, there are (sometimes hard) choices to be made.
This paper refers briefly to the need to deal with the ‘easy wins’ of reducing
our own personal carbon footprints, but then encourages working with
others to achieve significant positive benefits for overall quality of life, whilst
at the same time reducing carbon emissions and their impact on us all.
Comparisons are made with installing heat pumps in our homes and
churches, for which the scale of investment can be daunting. The conclusion
is that a responsible approach can be a more outward-looking experience
than it sometimes appears. Most importantly, by helping others before
ourselves, we can often significantly increase the impact of our available

resources.

Introduction

We have been extraordinarily successful at using the energy from fossil fuels

to expand the human population and feed it. There are still people alive today
who were born when there were fewer than 2 billion people on the Earth, and
now there are over 8 billion people, so the changes have been significant and

we need to understand their implications.

Fossil fuels are so called because they are derived from the fossilised remains
of life in the past. Life as we know it is ‘carbon-based’, and the fossil fuels are
thus rich in carbon that was removed from the environment over hard-to-
imagine timescales of millions of years. We tap into that rich store of energy
and release it, and at the same time put carbon, mainly in the form of carbon
dioxide, into the atmosphere. Almost everything that we do relies on this to

some extent.
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It is relatively easy to imagine that burning gas, coal or oil to heat a home,
releases carbon dioxide into the air — typically a few tonnes# a year per
household. Similarly use of a petrol- or diesel-powered car can be seen to
add more carbon dioxide per year as the fuel is burnt in the engine, the
amount depending on mileage, driving style etc (a few tonnes for a high
annual mileage). Then there is the release associated with production of our
food, through the manufacture of fertiliser and the fuel used in tractors and
so forth — food alone contributes around a quarter of the UK average carbon
dioxide emissions.5 The fuel used for flights is another source, and then there
are lots of other contributions associated with manufacturing processes and
services that we use and share, all of which lead to more carbon dioxide
being released. So life as we know it emits a lot of carbon dioxide into the
atmosphere — on average for the UK currently this amounts to a little over 10

tonnes per person per year (see JR| Briefing Paper 53).

All of the natural processes that remove carbon from the atmosphere that
have operated so effectively to regulate our planet’s climate through history,
do so relatively slowly — much too slowly to balance the rate at which the
human species is releasing it at present. So the amount of carbon dioxide in

the atmosphere is increasing year on year, because of the way we live.

It is hard to respond to this without appreciating the scale and nature of the
effects, so we start by looking at numbers that make it more possible to
grasp. We then move on to look briefly at some areas where there can be
simple, and often life-enhancing, changes that we can make in our daily
routines that significantly reduce our overall climate-warming effect. Beyond
that we look at some bigger projects to engage with, and in particular

projects that can actually reduce the amount of carbon dioxide in the

4 1 tonne = 1000 kg

5 See Mike Berners-Lee, How Bad Are Bananas? (2020) Profile Books.
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atmosphere whilst also helping others to improve their quality of life.

Contributing to these seems like a rounded response to what is occurring.

First Response: Engage

We all come to this question of climate change having absorbed a wide
range of messages — with frequent mention of climate change in most forms
of the media. Often strong views are expressed, with particular agendas

being pursued.

There have been well-reported® and well-funded efforts to raise the level of
‘uncertainty’ that we associate with the understanding of human influence on
the climate. Such efforts often come from those who stand to have to
change their businesses if we respond appropriately to what is happening.
On the other side, and possibly in response to that, some have chosen to

focus their messaging on ‘worst-case’ predictions of what will occur.

As a result, some of us have been turned off by presentations that focus on
extreme predictions, while others have been turned off by disinformation in

the other direction. Some of us by both.

Michael Mann, a leading expert on climate science, presents a helpfully

balanced view of this in his book Our Fragile Moment:”

Is our climate today precariously perched on a knife edge, ready to
collapse in a steaming death spiral of methane-driven runaway warming?
Or is it resilient enough to tolerate continued fossil fuel burning with
minimal consequences? The answer, as Stephen Schneider counselled

decades ago, is neither.

6 See, for example, the excellent series Big Oil vs The World, broadcast on the BBC in July 2022, pages 190-195 in
Joseph Romm’s Climate Change — What Everyone Needs to Know 2nd Ed. (2018) Oxford University Press, and Michael
Mann’s The New Climate War (2022) Scribe Publications.

7 Michael Mann, Our Fragile Moment (2023) Scribe Publications.
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| speak personally about the insidious progress of the message about
uncertainty. Until | sat down in 2021 and looked from first principles at what is
known, | underestimated how certain our understanding is. This paper tries
to build on that personal engagement with the physical mechanisms, to
communicate what is known about how we are affecting the climate. | think it
is important for all of us to learn about the basics as best we can and to share
that understanding with friends, neighbours and politicians, so as not to
implicitly support those who have so skilfully delayed appropriate and
necessary action. So, before considering what is, or is not, worth doing about
our impact on the climate, and what it might cost, it is fundamental to

address the question of what is actually known.

The insulating effect of carbon dioxide® has been known about since the
work of both Eunice Foote and John Tyndall in the middle of the 1800s. Since
then, the effect in blocking parts of the heat from leaving the atmosphere has
been calculated and understood in great detail. Lawrence M. Krauss’s The
Physics of Climate Change (2021, Head of Zeus Ltd) has an interesting
discussion of the contribution of Svante Arrhenius, who won a Nobel Prize for
Chemistry in 1903. He tells how Arrhenius built on previous work and in 1896
produced his paper ‘On the Influence of Carbonic Acid in the Air upon the
Temperature of the Ground’, that calculated the size of the temperature
response associated with changing atmospheric content of carbon dioxide
(called carbonic acid in the paper title). Arrhenius slightly over-predicted the
warming that we have, for the amount of carbon dioxide that we have now
put into the atmosphere, but he was impressively close given how long ago

he was working. More than a century of additional work has greatly refined

8 The focus here is on carbon dioxide. The detailed analysis over decades, of many different contributing factors, shows
that everything else contributes less, and there is even a sense of cancellation between some of the other factors. The
overall result is that the effect of the carbon dioxide is close to, albeit slightly less than, the total heating from all
contributions. So focussing here on just the carbon dioxide is a representative and useful simplification for apprehending
what is happening to our world.
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our ability to understand and predict the temperature rise and other effects.

We now experience this warming and many of those effects.

For me, the most profound realisation in all of this was that we actually have
detailed measurements of the heat leaving the planet that confirm this
understanding, and we have had them for over half a century. To be specific,
back in 1970 a piece of equipment on the Nimbus 4 satellite was measuring
the spectrum of heat loss from Earth to space. In doing so it revealed both
the sections of the heat that leave directly from the surface of the Earth and
also the sections of that heat that are missing because they are absorbed and

redistributed by gases like carbon dioxide — the so called greenhouse gases.

Those measurements are sufficiently detailed to allow an estimate of the
efficiency of each of the key greenhouse gases at work in the atmosphere in
their effects — those gases being carbon dioxide, water vapour, methane,
and ozone. Such an estimate for carbon dioxide, from a measurement from
over half a century ago, gives confidence that the detailed number from
climate analysis and modelling can be relied upon for estimating the sheer
scale of our warming of the planet. In short, we really have known about this

for a very long time.

By looking at the amount of insulation we get for a given amount of carbon
dioxide being added to the atmosphere it turns out that the effect so far on

the atmosphere is an easy-to-remember number of:
1 watt of heating per 1 kg of carbon dioxide increase in the atmosphere.®

So, if all of the carbon dioxide that we emit was to stay in the atmosphere we
could convert directly from a carbon footprint to a long-term heating power

for the environment. However, not all of the carbon that we emit stays in the

9 This number has been arrived at for this paper. It was a surprise to realise how directly carbon footprints can be
converted to a visualisable amount of heating. Hopefully this will gain some traction and be used elsewhere. The way to
arrive at the number itself is set out in Appendix A.
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atmosphere. Figure 1 represents where emissions ended up, over the period

2010-2019. This gives us a rough rule of thumb: that about half of our

emissions stay in the atmosphere medium term.10

31%
terrestrial
ecosystems

46%
atmosphere

Figure 1. Representation of the medium-term division of carbon dioxide

emissions from human activity. Around 46% end up staying in the atmosphere

after 31% are absorbed by the terrestrial ecosystems and 23% by the oceans.

Data from the sixth round of reporting of the IPCC, Working Group | report.

Quantity Carbon Footprint | Persistent Heating
(CO2e) of Atmosphere

1kg of carbon dioxide emitted 1kg 05WwW

Approximate UK per-capita carbon footprint 10 tonnes 5 kilowatts

80 years of present-day UK living 800 tonnes 400 kilowatts

Approximate UK carbon footprint per year

700 million tonnes

300 gigawatts

Approximate World (CO-) carbon footprint
per year

40 billion tonnes

20,000 gigawatts

Table 1. Round-number approximations to some figures of interest. UK values

based on extrapolation of values in JRI Briefing Paper 55. World value from Our

World in Data website.

10 We can debate the precise numbers to use, but what we seek here is a rough feel for the scale of the heating. See
Appendix A for details on how 0.9W/kg may be more appropriate for present day emissions, and Appendix B for
understanding how a pulse of carbon dioxide emitted into the atmosphere evolves over long timescales.
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So to estimate the heating of the atmosphere in watts from a carbon
footprint in kg of carbon dioxide (or equivalent), just halve the number. Table
1 gives some examples — recall that this is power that is persisting for
decades to come, and for annual footprints that don’t change, the same

amount will be added next year, and the next etc.

Line three in Table 1 shows that the legacy of an 80-year UK life at present
emission levels would be over a third of a megawatt. Let’s be clear here, this

is a lot of heating left by a single life.

To further visualise the effect of this average UK person’s carbon footprint,
imagine that instead of the carbon dioxide accumulating in the atmosphere,
we achieve the equivalent effect by, on the 31st December, going out into our
gardens or a local park and installing and switching on 5 one-kilowatt electric
heaters and just leaving them running. Of course, we will need to find space
next to all of the electric heaters that are running from previous years, and
those of other residents of our homes. Given that UK carbon footprints were

higher in earlier years (see JRI Briefing Paper 53), for anyone over 35 years

old, we would have already left behind the heating effect equivalent to
having switched on and left running over two hundred such heaters. That
heating is present day and night — 24 hours a day, 7 days a week, 365 days a

year, for decades to come.

The hope in providing this analogy is to bring us together, into the way of
thinking in which we can collectively understand the sheer magnitude of the
effect of our generation of greenhouse gases. This is not something that can
or should be ignored. Just in case you are struggling to scale up from the
personal case to the global case, please consider that all of the world’s
population have been having an effect at some level. The global per-person

carbon footprint for just carbon dioxide is about half of the UK per-person
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footprint for carbon dioxide and equivalent gases, so to allow for this, just
imagine that only (!) something like 4 to 5 billion (of the 8+ billion) people
have been turning on similar amounts of heating every year. | hope that this
explanation brings within grasp the reality that the cumulative effect of all
this human-added heating is the roughly 0.2°C per decade global

temperature rise that we have seen across recent decades.

| think that one of the problems in grasping the severity of what is occurring
is that we have tended to focus too much on the change in global
temperature, and that does not sound very much. By focussing in this paper
on the magnitude of the heating (e.g. in kilowatts), | hope it is possible to see

that human influence really is significant on a global scale.

The significant additional energy in the atmosphere due to the insulating
effect of our emissions, does change the climate. Just as | have found our
understanding of the warming to be reliable, what | have read and
understood about the resultant changing of climate and weather impresses
me as being easily secure enough that we should respond appropriately to

what is happening."

So far, in the UK many of us are relatively unperturbed by the resultant
change in climate, perhaps simply enjoying warmer summers. However, it is
already very different for those living in poverty in countries where the effects
of climate change are a daily and pressing reality. We can already see where
we are heading, and we need to act. In this spirit we turn to the main topic of

the paper.

11 you feel that more evidence is needed, | sincerely recommend the impressively interlinked work, that goes beyond
this, such as is reported in the surprisingly-accessible 2,409 pages of the most recent IPCC report on The Physical
Science Basis. The case here really is compelling when the balance of the evidence is properly considered. Every time |
have come across something that | can independently calculate or refer to other aspects of how the world works, it has
made sense. This work is a triumph of human inquisitiveness, ingenuity and skill in learning how the world works;
including conceiving, building and launching satellites, and developing and testing theoretical understanding. What does
it mean if we choose to ignore this opportunity to learn how to live in a way that is genuinely sustainable?
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Tackling Our Greenhouse Gas Emission Problem

In working to reduce our greenhouse gas effect on the atmosphere, we can
undertake projects that change emissions related to our own lives, and we
can contribute to projects that affect other emissions. When we start thinking
of other emissions, we move into the area that is commonly referred to as
offsetting — that is: we seek to offset the increases in atmospheric
greenhouse gas quantities resulting from our own activities, by reducing the
effects elsewhere. To ground this idea, Fig. 2 shows four areas in which we
might act to reduce the rate at which greenhouse gases are accumulating in

the atmosphere.

Organic Technological
Sequestration Sequestration

t1939

My Carbon Others’ Carbon

Figure 2. Areas in which to tackle the increasing concentration of
carbon dioxide in the atmosphere. Sequestration is the term used
for the process of taking carbon dioxide out of the atmosphere

and binding it up in some way to keep it from returning there.

Firstly, and most directly, we can and should reduce the emissions from our
own lives where that is reasonably cost-effective. Secondly we can help to
reduce the emissions from the lives of others. Thirdly we can sponsor
removal of gases from the atmosphere through projects that enhance natural

mechanisms of capturing carbon, such as tree-planting, rewilding or
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regenerative farming. Fourthly we can sponsor projects that use technology
to remove greenhouse gases from the atmosphere and store them in some

form, such as in mineral deposits.

We each come at this issue from a different starting point, and there is a risk
of losing some people at this point if we are not completely clear that this
article is about the order in which we do things, and specifically what we can
do first, as opposed to suggesting that some actions replace others. When
considering the overall effect of humanity on the greenhouse gas content of
the atmosphere it becomes clear that the Earth will continue to warm and
deleteriously so, unless the 8+ billion people on the planet are living in a way
that on average results in just a fraction of the present UK per-capita
emissions of around 10 tonnes of carbon dioxide equivalent per year, and
that the ongoing rate is balanced by greenhouse gas removal techniques. In
this sense, engaging with offsetting is a temporary (albeit possibly for many
years) action that is about maximising our rate of progress on the trajectory

to achieving a sustainable lifestyle for the world’s population.

The Costs and Benefits of Emissions Reductions

| think it is important to say that there are legitimate concerns about how
much it is worth spending on any given method of removing carbon dioxide
from our existing processes. There is simply not a bottomless pit of money to
spend on anything, and real and sensible points about the timing and scale
of outlay on this issue need to be taken into consideration. This is an area of
spending, like any other, in which value for money needs to be considered.
This applies to projects in our own lives as well as to those that we might
sponsor. We should try to engage with schemes that remove the highest

amount of carbon dioxide (or equivalent) per (net) pound spent, during the
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lifetime of the project, whilst at the same time being mindful of the project

duration.

In other words, we are interested in both how much the total accumulation of
greenhouse gases will be reduced, and also in how much it will be reduced in
say a decade or two. This is important because we need the schemes to be
effective in addressing the present rate of emissions from humans. A scheme
that removes 100 tonnes of COze at a constant rate over a thousand years is
only removing it at the rate of a tenth of a tonne a year. One that removes 10
tonnes at a constant rate over 5 years is removing it at the rate of 2 tonnes a
year. The relative merit of these two options relates to how quickly we seek to
address climate change — e.g. as seen in the IPCC goal of keeping the
average global temperature increase below 2°C. So, we see the need to focus

on a decadal timescale, not millennia. Perhaps some examples will help.

Fig. 3 shows the evolution over time of the amount of total carbon dioxide
emissions prevented or captured, per pound spent, by various methods. The
aim of the graph is to clarify both the ultimate efficiency of each method and
the time it takes to approach that efficiency. If we seek a lot of carbon saved
in a short time for an investment we need a curve that explores the upper left
of this diagram. A curve that slowly makes its way to the upper right
represents a long-term, but ultimately efficient investment, whilst one that
remains in the lower part of the diagram represents a relatively expensive
way to reduce/remove carbon. All methods discussed here will form part of
the long-term integrated strategy for tackling climate change, as there are
other reasons for pursuing them. However, for a fixed amount of spending,
more carbon reduction/removal would be achieved in the short term by
investing in ‘upper left’ projects first. As humanity moves towards more

sustainable ways of living, the most efficient ways of saving carbon should be
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Figure 3. Efficiency of emissions saving as amount of
carbon dioxide (equivalent) saved per pound spent.
Assumptions and data sources are in the footnote.

‘used up’ and we would successively move on to the less-efficient ways, but

we are not yet very far along this path. The curves'2 shown are for:

. a specific loft insulation project (blue) — this is cheap and
effective at reducing emissions from heating with a condensing boiler,

. a UK afforestation project (green) — this takes a while to establish
but after 15 to 20 years performs significant sequestration,

. an overall trend of non-residential heat pump projects (grey) —
these reduce emissions, but are a relatively expensive way of doing so.

. a project replacing domestic open fires with stoves (orange) —
these reduce emissions very effectively over the quoted 5-year
duration of the project, and may well go on doing so for a while more.

12 The blue curve relates to a loft insulation improvement described just below in the main text, the green curve to
example data from the Woodland Carbon Code guidance notes, together with a per hectare price for afforestation based
on the £0.5 billion for 30,000 hectares in the Land use: Policies for a Net Zero UK 2020 Climate Change Committee
document. The grey curve is the value for the Seventh Carbon Budget non-residential heating cost of going from gas-fired
to heat pump heating (for 2025 the value is quoted as £63.2/MWh) where 250kg CO2e is taken for each MWh of gas-
boiler-supplied heat that is being replaced (from How Bad Are Bananas?, by Mike Berners-Lee), on top of this, the value
is linearly ramped over the first fifteen years to reflect upfront investment for a lifetime of that length. The orange curve
takes a project duration of 5 years from the information that used to be on the Climate Stewards website, with the then-
available offer of £25 per tonne saving interpreted to be linearly distributed across the duration of the project — the
savings have been assumed to go on for a further five years on the assumption that half the stoves would have gone on
to last that long.
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On almost all timescales, the most carbon is saved per pound spent for the
loft insulation improvements. In this example just £300 was spent on top-up
insulation, and some sundry Personal Protective Equipment (PPE) and other
material expenses, with the Do-It-Yourself installation importantly including
rearrangement of existing insulation (found to be surprisingly poorly
installed), together with other changes such as a 2°C reduction in thermostat
setting, and a modest reduction in circulation temperature. The reduction on
the thermostat setting was made comfortable and acceptable to all residents
once the insulation allowed the temperature to be well-controlled and quite
uniform throughout the dwelling, but looking at the results over 3 years
confirmed that the insulation itself made the largest part of the improvement.
Preventing the easily avoidable loss of heat from a house is so effective that it

should be very high on a task list when seeking carbon reductions’s.

For the heat pump and tree planting examples, the evolution over time would
affect the choice of which was most attractive. However, the reason for
looking at these two cases is to draw out the relatively long time needed for
some investments to deliver carbon reductions. An alternative to supporting
the planting of new forest, is supporting the management of existing UK
forests. That may be of interest for other reasons, to do with wishing to
engage with a local scheme and encouraging biodiversity, but the precise
carbon benefits are harder to assess for comparison with the other cases
here. The reason for choosing the example here is that it is covered by the
rigour of the Woodland Carbon Code, and it represents new planting, with
therefore additional sequestration potential. However, tree growth in tropical
regions can draw carbon out of the atmosphere much faster than in the UK,

and is more beneficial in terms of geophysical effects. It can also be much

13 Appropriate care should be taken in the installation process, particularly in respect of working in a loft with irritating
material. For the insulation itself, sufficient air clearance is needed around electrical fittings that generate significant heat,
such as certain light fittings. Also, air flow through roof spaces is important for moisture control. So there is a little to
learn, but it is well worth doing so.
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cheaper. The combination of these would make investment in an appropriate
tropical planting project much more attractive than a UK scheme, and a good
scheme should be significantly more efficient in its carbon reducing effects
than installing a heat pump. We need this sort of long-term sequestration, as
tackling climate change is very much a marathon rather than a sprint. The
delay in the achievement of the significant capture of carbon makes it all the
more important to get trees growing in appropriate' ground sooner rather

than later.

In the case of the reference heat pump line from Climate Change Committee
figures for non-residential heating, we see that the return is just a few kg of
carbon dioxide saved per pound invested.'® This is in the same region as the
prices quoted for Greenhouse Gas Removal (GGR) schemes such as Direct
Air Carbon Capture and Storage (DACCS). To put this into context, the 2024
IEA report on Direct Air Capture says that ‘Capturing CO2 from the air is the
most expensive application of carbon capture’. So this is the costly end of
schemes for addressing carbon dioxide emissions. An accessible account of
a wider range of options for carbon dioxide removal and reduction is covered

by Tom Heap in his book and radio series 39 Ways to Save the Planet’e.

From the perspective of maximum impact for minimum effort and, more
altruistically, improving someone else’s living standards rather than our own,

the cooking stove schemes are really impressive. Having heard a BMS World

14 'Appropriate’ refers to not being high-carbon-content ground such as deep peat, and also making allowances for
biophysical effects in temperate regions. As touched on in the main text, tropical afforestation looks to be a much more
efficient process in the latter regard (see IPCC special report Climate Change and Land (2022)). Management of existing
forests in the UK may not affect biophysical factors significantly, and as such it would be good to see some quantification
of the overall carbon benefits. In short, there is research to do before investing in any scheme.

15 1n developing this article it was drawn to my attention that in some areas of the market, a house value may be
predicted to increase by more than the amount spent on a project to install a system such as one based on a heat pump.
This then changes the prospect for the long-term personal financial efficiency of such a project. For many of us not
looking to move in the medium term and without the resources or risk-appetite to invest in this way, this is not practically
relevant, even if the predictions were found to be accurate, and for the purposes of this article no calculation of such an
aspect is considered, not least as a focus of the article is on the funding of church-based projects, for which the sale of
the church building is not envisaged on any relevant timescale.

16 Tom Heap, 39 Ways to Save the Planet (2021) Witness Books.
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Mission representative reporting on the transformative effect of replacing an
indoor open cooking fire, with an Eco Stove costing just £150 to implement,

these projects stand out. | have only heard good reports of Climate Stewards,

who deliver such projects, and so suggest that this is an organisation worth

considering for support.

As a final comment on the selected projects, the forestry example included
above is for planting in the UK. However, there are other afforestation
schemes that offer the chance to invest in helping people in some of the
areas of the world that are far more affected by the changing environmental
situation than we are to date. As a very specific example, but one that | find
inspiring, | would encourage a look at the work championed by Tony
Rinaudo, on what is known as Farmer Managed Natural Regeneration (FMNR

— see, for example, a recent JRI Blog piece on this). FMNR is essentially

working with nature to bring back trees into a landscape that has previously
had trees felled. The transformation in the ability to farm is significant, but
there are also much wider benefits to the community. The relative efficiency
in carbon saved per pound spent may be different from that represented
here, but the wider benefits make this look very worthwhile for exploring as

an option to sponsor.

Second Response: Deal with Wasteful Emissions

Once we have engaged with the reality of our effect on the climate, the next
response should be to tackle obvious waste in our own lives. As an example,
in his book How Bad Are Bananas?,7 Mike Berners-Lee tells us that Insulating

a loft is the best carbon investment for anyone with a house.

| was amazed at the difference from relaying, and then topping up, my loft

insulation, as described above. Combined with a few other tweaks to heating

17 Mike Berners-Lee, How Bad Are Bananas? (2020) Profile Books.
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settings — and making sure curtains are drawn at night, reducing draughts
etc. — | halved the annual gas use in our home, and the money that | spent
on the job was paid back through bill savings in just months. In this time of
rising prices, | benefit significantly from this ongoing reduction in household
bills. Of course, this also reduces my impact on the atmosphere, by using
much less gas to run my boiler, and so emitting a couple of tonnes less

carbon dioxide per year.

Examples of household changes to lower carbon emissions are discussed
extensively elsewhere, and Mike Berners-Lee’s book How Bad Are Bananas? is
a very helpful guide to understanding the carbon footprint of everyday living
and how it is possible to reduce it. Areas where sometimes big savings of
emissions can be made are in our domestic heating arrangements, our diets
(e.g. more seasonal food, and less meat and dairy), travelling more efficiently
(e.g. replacing many short stays away with fewer but longer stays away, and
using rail rather than air where it is practical), and replacing inefficient
domestic appliances, to name a few. In looking at the options for change we
may find some for things that we hold on to dearly but others that we can see
our way to embracing. My experience is that over a period of years it is
possible to gradually change lots of things that initially seem sacrosanct,

without any sense of having to put on a ‘hair-shirt’.

Third Response: Improve the Lives of Others and

Capture Carbon

We have seen that projects helping to improve living conditions for others
can be amazingly efficient in reducing carbon emissions. Similarly, tree-
planting projects in the global south, and in particular in tropical regions, can
represent significant investment for medium-term carbon sequestration,

whilst at the same time improving living conditions. At present, it is really
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only by investing in such projects that we can realistically aspire to getto a
point where we are addressing the full scale of our own carbon emissions.
This reflects the reality that reducing our own carbon footprint beyond a

certain point is hard and balancing removals will always be needed.

The Climate Stewards and FMNR projects mentioned above build community
and partnerships that naturally align with our responses to other outward-
focussed concerns for welfare of our fellow human beings. Such concerns
may already be expressed through working with aid agencies, missionary
organisations and other charities, and the paper aims to show that we can
increase that work whilst at the same time reducing overall emissions. | have
come to think that it could even be self-indulgent to incur large costs for
replacing otherwise still useable or repairable (especially church) fossil-
fuelled heating systems with heat pumps when we could spend the same
amount of money to have a much bigger effect on overall carbon emissions
whilst at the same time dramatically improving the lives of others.’8 Indeed in
general, it would seem wise to calculate the implications of scrapping any

serviceable equipment before it is life-expired.

Due Diligence

When considering offsetting, there is clearly a need for due diligence. We
have probably all come across reports of offsetting schemes being
questioned in respect of their effectiveness and even honesty. This put me off
considering offsetting until recently, but | now believe there are reasons to
get involved. There are good and worthwhile schemes that are significantly
improving the qualities of lives at the same time as genuinely preventing
emissions or actively sequestrating carbon from the atmosphere. There is

also joy and a sense of being alive with our fellow humans in partnering with

18 Appendix D provides a suggestion for use in offsetting of carbon emissions associated with church heating.

Appropriate Responses to Climate Change. Bp54 (https://jri.org.uk/briefings/). 19


https://jri.org.uk/briefings/

others to achieve those gains, and hence this seems like a really life-
enhancing and responsible way to engage with reducing the accumulation of

greenhouse gases in our atmosphere.

Fourth Response: Big-Ticket Items

| have experienced some ‘push back’ on discussing human influence on
climate, that may be driven by concerns about the scale of expenditure that
people assume will be needed to respond to accepting its reality. This led to
the thoughts above on the merit of considering the most efficient ways to
save carbon. | have also found it slightly curious that even people that are
thinking seriously about these issues can be drawn more to the interest of a
project like installing a heat pump, than to the mundane reality and transient
inconvenience of improving loft insulation. However, there is clearly a place
for those with the interest and the funds, to engage with project like
installing solar panels, batteries and heat pumps, and replacing a petrol- or
diesel-powered car with an electric one. Given the scale of investment

required for these, | collectively think of them as ‘big-ticket’ projects.

When planning any project of this kind (even at national level) it seems
essential to look at the return on the investment — for the discussion here
that will be mainly in the amount of carbon dioxide that would otherwise be
in the atmosphere for each pound spent on the project, evaluated over some
relevant duration. It may be necessary to look for tools or relevant people to

help with the evaluation of this return, but some estimate should be made.

In general, all changes that we make will themselves have a cost in terms of
both money and carbon footprint. It is worth looking at the carbon cost of
both the implementation and running of the replacement before making any
change, particularly for a low-mileage car user or someone with a well-

insulated household. By comparison, a high-mileage car user might quickly
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see the benefit of switching to an electric car. Someone with a cold house
would be wise to improve insulation and draught exclusion before
considering replacing a modern, efficient gas-boiler with a heat-pump-based

system.

Heat Pumps

The intrinsic efficiency of heat pumps means that the long-term sustainable
future of domestic and non-residential heating will see them in much greater
use. The running cost of heat pump systems can become more of a selling
point through reduction in the relatively high cost of daytime electricity in
the UK, whilst at present overnight battery storage is probably also needed to
make this a part of the case. Heat pumps can work well as part of a new-build
home or other appropriately designed building, with relevant levels of
insulation and ventilation-control present from the start. They can also work
well in many existing buildings under appropriate conditions. In other
buildings the bigger picture may mean that for at least a few years it makes
sense to continue with more familiar technologies. In short, heat pumps are
an important and valuable technology, but we need to be intentional in the
timing of making personal and communal transitions to their use. The
possibility for wasting time, money and effort on focussing on a heat pump
installation in a difficult case was one of the motivations for thinking about

this paper.

We are running the risk of making heat pumps look less valuable in the
response to climate change than they are. Some of us know churches who
are under pressure to replace existing heating systems with heat pumps in
order to meet the documented ‘Net Zero’ aspirations of their denomination,
in spite of reasonable concerns about practicalities and cost. This is being

picked up by the mainstream media, for example the article in the Daily
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Telegraph on 12th April 2025 entitled Churches are being sacrificed on the
altar of net zero, describing churches being left without heating and at risk of
closing, because of being prevented from installing replacement fossil-fuel
heating systems. What does this convey about about our priorities? This
seems like an unnecessary stumbling block in getting communities to
engage with the reality of human effects on climate, whilst also being warm
in their churches in the winter. | hope that the information pointed to in this

paper might help to negotiate a middle way in such cases.

In writing this piece a number of conversations have highlighted the
commitment and principles of some who have already installed heat pumps
etc. in their own homes and/or churches. It is clear that such projects allow
heating of a property without the direct emission of carbon dioxide from
burning fuels at the property, and this is the standard to which we aspire in
the long-term with a decarbonised electricity supply. There can be significant
benefits in terms of comfort from projects that have been able to deliver
appropriate levels of insulation and draught reduction as part of the overall
installation of the heat pump system. The benefits from those other elements
of the overall project should be properly considered when explaining the
success of any project — it is easy to overlook that a building would have
been more comfortable and cheaper to heat with insulation and draught-

proofing improvements alone.

Going forward, the overall costs of heat pumps systems are a concern for
me. The Seventh Carbon Budget from the Climate Change Committee
(CCQ)" shows that costs remain high for heat pumps themselves (Air Source
Heat Pump in 2025 quoted at £10,900), and the background reporting from
PWC for the CCC states that ‘While the overall costs of heat pumps remains

high, literature review and industry engagement suggests that significant

19 hitps://www.thecce.org.uk/publication/the-seventh-carbon-budget/
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price reductions are not likely.2° For wide-scale adoption then, some ongoing
subsidy scheme for installation costs, at the very least on a means-tested
basis, seems necessary to ensure that those genuinely struggling to afford to
heat their homes are not casualties of any enforcement of transition away
from efficient and cost-effective modern gas boilers. A well-presented policy,
making clear how this issue and others would be owned and taken forward,
could significantly improve the perception of the transition to heat pump

systems for all.

When it comes to running costs, for quite some time the Energy Saving
Trust?! website has shown that (for the generic case effectively considered) a
modern A-rated boiler would be marginally cheaper to run than a heat pump
installation. This is largely because of the structure of the UK energy market,
in which the unit cost of energy delivered to the home is typically around a
factor 4 or more higher for electricity than for gas, and this overcomes the
similar, but slightly smaller, efficiency benefit of operating a heat pump
(especially with a legacy radiator set) over a modern gas boiler. Combining a
heat pump system with local battery storage can help significantly with the
running costs, by storing cheaper, overnight electricity for running the
heating during the day. The cost of the battery and its carbon footprint are
relevant factors to consider in this approach in calculating the overall benefit,
and even accessibility for many of us. However, it looks a positive choice if
funds are freely available, and if the electricity market maintains such a

favourable, overnight versus daytime, benefit.

20 hitps://www.thecce.org.uk/publication/assumptions-for-retrofitting-residential-buildings/

21 This was still true at the time of writing https://energysavingtrust.org.uk/ accessed 5th February 2026.
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Solar

Solar power is not covered here because of the complexity of selling the
electricity for contributing to the National Grid. Generally it seems that solar
power projects, where the panels are discretely sited on relatively mundane

buildings, can be a positive, and even potentially self-financing, choice.

Conclusions

Human heating of the climate is a basic physical reality. With of the order of
one watt of additional heating from each kilogram of carbon dioxide extra in
the atmosphere, the scale of this is globally significant. There is no
reasonable doubt about the general scale of this effect, but there are
reasonable ways to respond. We can make useful and significant changes in
our lives to reduce our personal legacy in terms of the heating that the
generations to come will have to live with. For the next few years at least,
there are many interesting and life-enhancing ways to tackle our carbon
footprints, by working with others to improve their quality of life. Even those
of us with relatively small amounts of money to commit might find ourselves
saving more in total carbon emissions than we are currently producing
through our own lives. Perhaps we could all consider this, once we have
done everything we reasonably can to be efficient in our use of energy, in
terms of insulating, appropriate and healthy dietary change, efficient use of

transport, reduction of excessive consumption, and so forth.

We could be frugal with immediately necessary replacements, and then get
involved with others to save carbon really efficiently. The aim then is to have
a more positive climate impact in the short term, whilst in parallel planning
and saving for the time when the bigger projects, like installing a heat pump,

become the optimal choice.
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Appendix A: Atmospheric Heating by each

Kilogram of Carbon Dioxide

The numbers in relation to the human effects on the climate are simpler to
think about when they are expressed as an average for each square metre of
the Earth’s surface area. By way of comparison, surveys of small wildlife
species are often conducted using quadrats. A quadrat is a frame that
bounds a square metre. It is then laid flat on the ground, and the number of
say invertebrate or plant species within that square metre are counted, to get
a measure for their number within a wider area. So here we are thinking, in
some sense, about surveying the average properties of the air that rises in a

column, vertically above such a square metre, as shown in Fig. A.1.

<1m >

Figure A.1 Visualisation of a column of air, 1 metre wide, 1 metre from front to back
and extending all the way up to the top of the atmosphere.

Key numbers are given in Table A.1.
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Pressure at sea level, po 101325 pascals

Standard acceleration due to gravity, go 9.80665 metres per
second per second
Total mass of air in the column (po/go) 10332 kilograms
Oxygen content (molecules) 20.947%
Human added carbon dioxide (2019) 131.6 parts per million
Mass of standard number (a mole) of air molecules 0.02896 kilograms
Mass of standard number (a mole) of carbon dioxide molecules 0.04400 kilograms

Table A.1 Key reference values for the atmosphere. Data from The Physics of
Atmospheres , 314 Ed. by J.T. Houghton, Atmosphere Weather and Climate 9th Ed. by
R.G. Barry and R.J. Chorley and the Working Group I report, from the sixth round

of reporting of the IPCC. Note that the accuracy needed here is not affected by

the small variation of gravity with height in the atmosphere.

The roughly 21% of the molecules in the air that are of oxygen are made up of
two atoms of oxygen, strongly bound to each other. These minuscule
molecules can be thought of as two balls (each ball being a single atom),

overlapping, as shown on the left of Fig. A.2.

When carbon is burnt fully in the air, this means that there is a chemical
reaction, with the rearrangement of atoms. The overall effect is that a
molecule of oxygen has an atom of carbon added to it so that it becomes a

molecule of carbon dioxide, as seen on the right of Fig. A.2.

reacts with e to form °

Figure A.2 A representation of how, in efficient burning, a
single molecule of oxygen, made up of two atoms, reacts
with a single atom of carbon, to form a single molecule of
carbon dioxide.
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The proportion of carbon dioxide in the atmosphere is routinely reported in
terms of the number of parts per million (ppm), and in particular we need to
consider here the increase in the number of parts per million, due to human
activities. Given the representation in Fig. A.2 we can see that this ‘ppm’

increase number is, for each million molecules of air, the number of oxygen
molecules that have been converted to molecules of carbon dioxide. So for
the case in Table A1, for every million molecules in the air we are looking at

just over 131 being converted from oxygen to carbon dioxide.

To get the mass of carbon dioxide that this 131.6 ppm increase represents we
need to take account of the relative mass of the molecules. We use the
chemical concept of the standard number of atoms being a mole, then using
the numbers above for the mass of the atmosphere and the effective mass
per mole of air, the number of moles of air in the square metre of Fig. A1 is,

N, where

10332
~0.02896

moles

Then the mass of carbon dioxide is the molar mass of carbon dioxide (in the
table) times the relative number of molecules (131.6 ppm means 0.0001316

as a proportion) times the total number of moles of air, N, giving

0.044 x 0.0001316 X 2222
m = V. . _
CO; 0.02896 °

This is then 2.1 kg for each square metre.

We now need to know how much heating there is from each of these 2.1 kgs

of carbon dioxide. This we can get from the Effective Radiative Forcing in

2019 corresponding with this value. The sixth round of reporting of the IPCC,

Appropriate Responses to Climate Change. Bp54 (https://jri.org.uk/briefings/). 27


https://jri.org.uk/briefings/
https://www.ipcc.ch/report/sixth-assessment-report-working-group-i/

Working Group | report gives this as 2.16 watts of heating for each square

metre,

So 2.1 kg of carbon dioxide added above pre-industrial levels for each square
metre produces an extra 2.16 W of heating for each square metre, and we
then have the surprisingly simple result that the extra heating effect is 1.0 watt

for each kilogram of carbon dioxide added — averaged over the human

additions.

--- WMO (Total) X 2019 (IPCC 6th Round) WMO (Incremental)

1.5

Heating (W/kg)

0.5

0
280 300 320 340 360 380 400 420 440 460 480 500

Atmospheric Carbon Dioxide Concentration (ppm)

Figure A.3 Variation of heating per kilogram of carbon
dioxide above pre-industrial levels. The WMO/Hansen et al.
trend for radiative forcing (blue dashed curve) shows the
average effect per kg for the total of added carbon dioxide.
This is differentiated to give the heating effect of each
incremental kilogram (grey curve). The value calculated in
the main text is shown (red cross).

However, we have additional information about how the effect of adding
carbon dioxide to the atmosphere changes as the overall level increases. We

can use the WMO (World Meteorological Organisation) function for this
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(based in turn on work by Hansen et al.), quoted and referenced in the third

round of reporting of the IPCC (Ch. 6 Working Group 1). The implications are

shown in Fig. A.3, both in terms of the running total of heating from carbon
dioxide emissions (blue dotted line) and the effect of adding emissions on
top of a specific level (grey solid line). For comparison, the value derived

above is also plotted (red cross).

The grey solid line in Fig. A.3 is the incremental heating H(C) in watts per

kilogram for carbon dioxide concentration C in parts per million:

1.2+ 0.01C+4.2x107°C?
1+ 1.2C+0.005C2 + 1.4 x 10-6C3

H(C)=213.4x

From this (and Fig. A.3) we see that the incremental value for emissions at the
time of writing, with carbon dioxide concentration in the atmosphere of
approximately 430ppm, is just under 0.9 watts per kilogram. The value at
500ppm of carbon dioxide is just under 0.8 watts per kilogram. That level of
carbon dioxide would be associated with a global temperature rise of close
to 2°C above pre-industrial levels and without change to present rates of

emissions will be reached by around 2050 (see |IPCC Special Report on

Global Warming of 1.5°C and strikingly also the Exxon prediction from 1982

shown in Michael Mann’s The New Climate War, 2021, Scribe).

So the values in the main paper are helpful rules of thumb for estimating the
magnitude of the heating effect of our carbon footprint, relevant for the
timescale that we need to consider for our response. However, formal
calculations should take into account the instantaneous effective value,

allowing for the then present carbon dioxide content of the atmosphere.
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Appendix B: Time Evolution of Atmospheric CO2

The halving used in the main text to get from carbon footprint (kg) to heating
power (W) is clearly an approximation, glossing over some detail. To get a
better understanding of how the oceans and terrestrial ecosystems remove
the carbon dioxide from the atmosphere over time, we can refer to the

discussion in the fifth round of reporting of the IPCC . For ease of reference a

figure from that report (Box 6.1, Figure 1) is reproduced below.

The three graphs plotted here show the results of a computation for the
percentage of carbon dioxide remaining in the atmosphere across,
respectively, the periods of O to 100 years, of 100 to 1000 years, and 1000 to
10,000 years, after the instantaneous emission of a substantial amount of
carbon dioxide. The labelling of the three graphs shows the respective take-
up mechanisms for these periods. The land and upper layers of the ocean
dominate the first century, the deeper ocean is then mainly at work up to a
millennium and thereafter there is reaction with calcium carbonate of the

dissolved carbon dioxide in the oceans over the final timescale.

100 T T T T T T T T n T
Land uptake, Ocean invasit : I.i(eactjon :
|\ ocean invasion [Ocean invasion .~ with CaCo,
‘[ — 100Pgc
L ‘ ‘ : : ‘ 1000 PgC
60 NG S PR P S Ll — 5000 pac]

40 -

20 -

0O 20 40 60 80 100 200 400 600 800 1000 2000 4000 6000 8000 10000
Years after CO, pulse

CO, pulse remaining in atmosphere (%)

Box 6.1, Figure 1| A percentage of emitted CO, remaining in the atmosphere in response to an idealised instantaneous CO, pulse emitted to the atmosphere in
year 0 as calculated by a range of coupled climate—carbon cycle models. (Left and middle panels, a and b) Multi-model mean (blue line) and the uncertainty interval
(+2 standard deviations, shading) simulated during 1000 years following the instantaneous pulse of 100 PgC (Joos et al., 2013). (Right panel, ¢) A mean of models
with oceanic and terrestrial carbon components and a maximum range of these models (shading) for instantaneous CO, pulse in year 0 of 100 PgC (blue), 1000 PgC
(orange) and 5000 PgC (red line) on a time interval up to 10 kyr (Archer et al., 2009b). Text at the top of the panels indicates the dominant processes that remove the
excess of CO, emitted in the atmosphere on the successive time scales. Note that higher pulse of CO, emissions leads to higher remaining CO, fraction (Section 6.3.2.4)
due to reduced carbonate buffer capacity of the ocean and positive climate—carbon cycle feedback (Section 6.3.2.6.6).

This gives an overview of the type of processes at work, but the case we are

looking at is different. We are looking at the small additional contribution that
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a single life makes, on top of the ongoing emissions of the species. In this
context the various absorbing reservoirs (biosphere, shallow ocean, deep
ocean etc.) will be in a kind of equilibrium with the persistently rising
atmospheric concentration of carbon dioxide. The difference between the
46% retention in the atmosphere for 2010-19 and the 41% retention for all
emissions since 1750 speaks of how it is a fair approximation to take half of
emissions as remaining in the atmosphere in the medium term future. How

the reservoirs behave going beyond that is outside the scope of this paper.

Appendix C: Initial Heating Compared with

Ongoing Heating

The scale of the ongoing heating from carbon dioxide is hard to take in, so
another example is used here in the hope that it clarifies the matter. It may
also help with the potential confusion from the fact that burning fossil fuels
makes us think about carbon dioxide per unit heating, but then we think

about the carbon dioxide in terms of its own ongoing heating power.

In David MacKay’s helpful and accessible book Sustainable Energy — Without
the Hot Air,22 the value for the energy released per kg of natural gas is given

as 14.85 kWh/kg.

Assuming the this is pure methane (a molecule with just one carbon atom
and 4 hydrogen atoms), then when we burn the gas, we get one carbon
dioxide molecule for each methane molecule. Then the mass of carbon
dioxide that we get for burning a given mass of methane will be larger by the
ratio of the molar masses of the carbon dioxide (44 g) and the methane (16 g)
and so we have 44/16 = 2.75 kg of carbon dioxide for each kg of methane

burnt. Assuming further, that 46 % of that carbon dioxide remains in the

22 systainable Energy — Without the Hot Air, David J.C. MacKay, UIT Cambridge Ltd (2009) and available free online.
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atmosphere over the following decade, in line with the main text, we see that
the initial release of heat into the world is 14.85 kWh, followed by ongoing

heating of ( 2.75 kg times 0.46 times 1 W/kg =) 1.3 watts, in round numbers.

So, how long does it take for that heating from the resultant carbon dioxide
to be equivalent to the initial burning? It is 14.85 kWh / 1.3 W, and that works
out to be around one and a third years. The difference though is that in an
atmosphere in equilibrium, the excess heating from the initial combustion
would be lost to space over time with the equilibrium re-establishing at the
original level, whereas the ongoing heating of the carbon dioxide changes

the equilibrium, to a warmer one.

By analogy, think of having cold hands and getting one of those chemical
hand warmers and a pair of gloves. Start the warmer and put it in the gloves
and put them on. The heat from the warmer will be really noticeable initially
but will fade away over time, but the gloves will continue to keep your hands
warm over months and years, until they wear out. Long term, the effect of the
gloves is more significant, even though what seemed most impressive
initially was the burst of heat from the warmer that will fade and become
irrelevant. The message here then is that the effect of the added carbon
dioxide insulation is really very many times greater than the heating that we
use in our daily lives and, more significantly, that insulation persists for

generations to come.
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Appendix D: Giving for Offsetting

Perhaps the question of offsetting in the context of church heating is made

clearer by an example.

Consider a church with a modern, optimised, gas-based heating system. This
system has controls that are used to target when to have the heating on and
off, in line with the diary of activities within the church, and is not
immediately in need of renewal or replacement. The congregation of this
church are considering ways to reflect on and to reduce the impact on the
environment from their communal activities, including in the heating of the

church.

We take the annual billed use of gas as 60,000 kWh (U=60,000 in the formula

below).

We take the number of signed-up members of the church community as 50

(M=50 below).

Mike Berners-Lee (How Bad are Bananas? (2020)) gives the carbon footprint
of each kWh of heat from a modern gas boiler (90% efficient) as 0.25kg of
carbon dioxide equivalent. This efficiency factor of 90% needs to be
considered here as the gas (chemical energy) that we pay for is more energy
than we get as heat. So this 0.25kg is associated with 1.11 kWh of billed gas

use.

So, we now consider a scheme, in which separate from the normal church
giving commitment, we use this heating-based emission as an opportunity to
practically engage the church community with doing something to mitigate
the effect of their present heating system. We can then ask for each church
member to consider contributing, either annually or weekly, to support the

work of an organisation reducing emissions with installing Eco Stoves, or
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sequestrating carbon through forestry-related projects. We take a
representative value of £25 per tonne of carbon dioxide saved, but this
should be adjusted for the scheme that is chosen. Using the above numbers,

the relevant amount for the church per year is:

60,000 kWhgas x 0.25 kg/kWhheat x 0.9 x 0.001 tonnes/kg x £25 per tonne
= £338

So, we would be asking for consideration of

£338 /(50 members)

£6.75 per member per year

£338 / (52 weeks x 50 members) 13p per member per week

This is typically less than the price of a cup of church coffee per month. In
times past it would be straightforward to put a collecting bucket out and ask
for loose change to cover this. In the modern way of things, and allowing for
some who are unable to pay this, and others who could cover that shortfall,
we may be looking at other payment methods, but the collection bucket
could still provide a focal point for the issue, together with some
interpretation material explaining the rationale for the recommended

contribution.

So, to make this more accessible for use with different church scenarios, the
above boils down to saying that the recommended yearly and weekly
contributions in pounds and pence respectively engaging with a scheme

asking?3 for £25 per tonne of carbon dioxide saved are:

U (kWh per year) / (178 x M (church members)) pounds per year

U (kWh per year) / (92 x M (church members)) pence per week

23 To adjust for different schemes, multiply these numbers by the ratio of the price per tonne for the chosen scheme and
divide by £25.
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