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The ADVENT Project 

ADVENT (Addressing Valuation of Energy and Nature Together) is a 5 year research project funded 

by NERC as part of the RCUK Energy Programme.  It involves a consortium of seven partner 

institutions and aims to develop conceptual frameworks and modelling tools to integrate the 

analysis of prospective UK energy pathways with considerations relating to the value of natural 

capital.  This will include quantifying the implications of differing future UK low-carbon energy 

pathways for stocks of natural capital (e.g. groundwater and natural habitats) and for the provision 

of ecosystem services (e.g. irrigation, visual amenity, recreation).  In addition, the project will 

compare the outcomes of different methodologies to value changes in ecosystem services and 

provide guidelines regarding the application of such approaches.  Ultimately, the project seeks to 

provide both public and private sector decision makers with tools that allow them to take a whole-

systems perspective on energy futures in a way that better integrates energy and environmental 

considerations. 

 

Workshop Programme – Background and Aims 

This workshop is the second in a series of four that will take place as part of Work Package 1 (WP1) 

of the ADVENT research programme.  These workshops will establish the baseline of existing 

knowledge on which the programme needs to build, extending and combining existing conceptual 

frameworks and making key decisions regarding the energy pathways and appraisal mechanisms to 

be investigated further.  

These reviews and discussions will build upon the experience of the partners in previous and 

ongoing projects (e.g. UKERC, VNN/VNP, NEA/NEAFO and SPLiCE).  The objective is to build upon 

recent reports that cover future energy pathways being developed elsewhere, for example, options 

discussed in the Committee on Climate Change (CCC, 2015) 5th Carbon Budget Review, annual 

National Grid reports (e.g. National Grid, 2015), the UKERC study on the future role on natural gas in 

the UK (McGlade et al., 2016) and those currently being developed in the pathways theme of UKERC 

Phase 3.  The selection of pathways will also be important in terms of identifying the generation 

technologies and other changes that need to be evaluated in subsequent phases of the research.  

This, in turn, will have implications for the modelling tools required, the issues associated with 

integrating them and the types of outputs generated.   

The workshops in WP1 will examine the following topics:  

i) conceptualising the role of energy in ES and natural capital frameworks and developing 

these as necessary,  

ii) approaches to modelling and option appraisal in the energy and valuing nature 

communities,  

iii) the ‘state of the art’ regarding UK energy pathways through to 2030/2050, and  

iv) metrics for a holistic assessment of natural capital in energy pathways.   

In addition to this summary of the workshop a more practically-orientated document has been 

compiled detailing the main tasks and responsibilities for the ‘fast track’ modelling initiative outlined 

later in this report.  
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Workshop 2: Approaches to modelling and option appraisal in the energy and 

valuing nature communities 

Workshop Objectives 

The objective of Workshop 2 was to answer the following questions.  

 Within the framework of ADVENT and the available resources across the consortium, what 

models are we planning to use, and how can we chain/soft link/couple these to provide a 

unified picture? 

 How do we plan to bring together WP4, the individual case studies of WP5, and the 

approaches of WP6 and WP7? 

 What variables do we need to extract from scenarios/pathways and how do these link/map 

to inputs (e.g. physical impacts) of different models working at different spatial resolutions 

or extents? 

 What would the end outputs of the modelling work look like? 

To support the workshop discussion the following papers or reports were circulated to participants 

in advance of the meeting. 

Bateman, I.J., Day, B.H. et al. (2014) UK National Ecosystem Assessment Follow-on. Work Package 

Report 3: Economic Value of Ecosystem Services. UNEP-WCMC, Cambridge, UK. 

Gove B. et al. (2016) Reconciling biodiversity conservation and widespread deployment of renewable 

energy technologies in the UK. PLoS ONE 11(5): e0150956. doi:10.1371/journal.pone.0150956 

Holland, R.A. et al. (2016) Bridging the gap between energy and the environment. Energy Policy 92, 

181–189. 

Milner, S. et al. (2016) Potential impacts on ecosystem services of land use transitions to second 

generation bioenergy crops in GB. Global Change Biology Bioenergy 8, 317-333.  

Workshop Participants 
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Eleni Papathanasopoulou Plymouth Marine Laboratory 

Richard Pearson University College London 

Kate Scott University of Leeds 

Gail Taylor University of Southampton 

Guy Ziv University of Leeds (Workshop Leader) 



 

3 
 

Presentations 

Where available, pdfs of the slides can be accessed by clicking on the titles below. 

Day 1 (18th July 2016) 

Introduction: Existing tools and approaches  

Covering (a) the principles of the model/approach, (b) what it includes, what is assumed, what is 

ignored, (c) examples of results using it, (d) how it can inform or be used by other models in the list. 

 Introduction and workshop objectives (Guy Ziv) 

 UK TIMES-MARKAL (UK-TM) (Paolo Agnolucci)  

 Visual impact modelling (Steve Carver) 

 TIM (Brett Day)  

 Biodiversity modelling (Richard Pearson) 

Focus on energy technologies 

Discussing potential in the UK, previous studies on ecosystem services impacts, and highlighting 

knowledge gaps.  

 2nd generation biomass (Astley Hastings / Gail Taylor)  

 Tidal and offshore wind (Eleni Papathanasopoulou)  

 Electricity transmission and distribution (Graeme Hawker) 

 Linking energy and ecosystem service models (Andrew Lovett) 

Day 2 (19th July 2016) 

The UK within EU and global context 

 WP7, GTAP/Water MRIO model and its uses so far (Felix Eigenbrod)  

Impacts of energy system components  

Discuss individual WP5 studies within the evolving conceptual framework. Highlight needs for WP4 

and variables to extract from energy pathways.  

 WP5.2 Impacts associated with large scale adoption of bioenergy CCS (Gail Taylor) 

 WP5.3 Impacts of changes in energy consumption (Astley Hastings) 

 WP5.4 Visual impact of energy production chains (Guy Ziv) 

 WP5.5 Terrestrial biodiversity impact metrics and constraints (Richard Pearson) 

 WP5.6 Implications of mixed marine energy sources for cultural ecosystem benefits (Eleni 

Papathanasopoulou) 

Linking everything together and the form of outputs  

Discuss what the end outputs of the modelling work could look like? How would we communicate / 

disseminate them? 

 Planning for a ‘fast track’ analysis (Andrew Lovett) 

  



 

4 
 

Summary of Key Discussions 

The summary below is organised in four main sections. The first considers the current 

conceptualisation of energy and environmental service (ES) models, leading to a series of questions 

regarding the technicalities of linking them within ADVENT. A second section identifies some key 

insights from existing research on models or technologies, including references to relevant papers 

and reports. 

The great majority of the discussion at the workshop focused on how model linkages could be 

achieved and demonstrated. In the third section the main elements of a ‘fast track’ approach to 

investigate these issues are described and the final section outlines current thinking on the forms 

that the end outputs of the modelling work might take. 

Current Conceptualisation of Models and Key Questions 

Thinking among the project team regarding the conceptualisation of energy system and 

environmental services models has evolved through several steps since the first WP1 workshop and 

is currently best represented by Figure 1 below. 

 

Figure 1: Possible linkages between energy systems and environmental goods and services models 

In this diagram the black arrows labelled ① represent a situation where the two modelling 

frameworks operate independently, those in red labelled ② indicate a case where output from an 

energy model (such as UK-TM) feeds into an environmental services one, and the blue lines denoted 

③ indicate how environmental considerations could be incorporated into an energy model run.  
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To further develop this framework, and in particular consider how the linkages labelled as options 2 

and 3 could be implemented, Guy Ziv and Brett Day outlined the set of questions shown in Table 1 

below. 

Table 1: Key questions to address regarding model integration 

How do different ES, energy and economy models compare …. are there simple ways in which they might 
iteratively inform each other? 

What changes in natural capital stocks are predicted by UK-TM for an energy pathway, in what units will 
they be presented, and what is the spatial and temporal scales of those model outputs? 

What are the measures of natural capital change that drive the ES model? We need to establish the form of 
natural capital, the form of the change unit, the spatial measure and the temporal measure. 

What does the ES model produce as measures of the resultant change? We need to establish the nature of 
the outputs of the model in terms of form of measure, spatial and temporal unit. 

How do the measures of natural capital change expected by the ES models compare to those expected from 
the Energy Pathways? 

What ES models can/should serve to constrain the energy model, and can such constraints be implemented 
without changes to UK-TM itself? 

Which natural capital change resulting from an energy pathway is addressed by each of the projects in WP5 
and what units of input and output are those projects intending to use? 

Do those measures of inputs and outputs attune with the measures currently expected from the energy 
pathways and by the ES models ... and can we change the projects or the models to make sure they are 
better aligned? 

What are we missing … are there important elements of change, either in natural capital or other drivers 
indirectly affecting natural environment, which the energy and economic models lack? Are there important 
natural capital change measures that our existing ES models don’t capture? 

 

These questions served to highlight a number of integration challenges, many of which relate to the 

different inputs, outputs and levels of spatial disaggregation of various models.  Figure 2 below 

illustrates this for four different models that will be used in ADVENT. 

 

Figure 2: Characteristics of four different modelling tools 
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In terms of drivers and elements that are not particularly well reflected in existing models or the 

ADVENT work programme the following were highlighted as needing particular attention: 

Drivers: food security, Brexit, catastrophes or accidents 

Elements: transportation, heat, air quality, water quantity and quality 

Insights from Existing Research on Models or Technologies 

Discussion of the above questions and issues occurred throughout the workshop.  The following are 

some key points that arose from the presentations. 

 UK-TM minimises the total energy system cost by choosing investment and operation levels 

of all energy system elements. There are five end-use sectors (industrial, commercial, 

residential, transport, agricultural) and no spatial disaggregation below the UK level. Output 

is in the form of a series of tables. The amount of output required from a particular 

technology is calculated, but this is not linked to generation unit size so assumptions would 

be required to derive the number of plants needed. There is a potential inconsistency 

between the supply curves embedded in UK-TM and the results of other assessments of 

feedstock requirements (e.g. for bioenergy) so this may need to be checked. 

 While it is technically possible to include generation capacity constraints and additional costs 

in UK-TM inputs (i.e. the option 3 approach to linkage) the basis for making such 

adjustments is not well-defined and likely to involve appreciable trial-and-error. 

Consequently the option 2 approach to linkage should be favoured for initial investigation. 

 The visibility algorithms developed by Steve Carver and colleagues (e.g. Carver et al., 2012) 

could be used to assess landscape capacity for developments such as wind farms or in 

combination with population distributions calculate the numbers of people who would be 

able to see turbines at proposed new sites. 

 Steve Carver also mentioned two other software tools that could be relevant for ADVENT.  

Map-Me is a free-to-use tool for crowd-sourcing knowledge on landscape values and 

meanings which has also been used to help validate spatial model outputs with experts/local 

residents (see http://map-me.org/ for details).  WEIGHTER is a Java applet that loads a set of 

continuous and discrete raster map layers from a server onto the client's machine which the 

user can then select and weight in a multi-criteria evaluation model to identify suitable areas 

(see Carver et al., 2004). It now needs re-coding in JavaScript but could be a good way of 

disseminating outputs or getting policy/public inputs similar to the DECC 2050 Pathways 

calculator.  

 TIM (The Integrated Model) is a spatially disaggregated (2 km grid cell) ES model.  It was 

developed for use in the NEA Follow-On Phase, particularly to assess optimum locations for 

new woodland planting, and currently includes modules to assess changes in agricultural and 

forestry outputs, soil and tree carbon, recreation, biodiversity and water quality.  For the 

purposes of ADVENT possible new modules could include assessments of water quantity, air 

quality, noise, visibility impacts and changes in coastal or marine environments.  Additional 

functionality could include capacities for feedbacks, uncertainty analysis and optimisation.  

 The land use datasets underpinning TIM rely on information from the Farm Business Survey, 

Agricultural Census and CEH Land Cover Map.  There is now a new CEH Land Cover Plus 

dataset which provides cropping data for 2015 (see http://www.ceh.ac.uk/crops2015) and 

could potentially be used for ADVENT analyses. 

http://map-me.org/
http://www.ceh.ac.uk/crops2015
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 The core biodiversity tasks are to collate biodiversity/ecological information, including 

distributions of protected areas and ranges for priority species, and then generate a set of 

indicators that tie in with national/international initiatives (e.g., EBVs and IPBES).  These 

indicators will need to provide broad taxonomic coverage (not just birds), relate to 

functional groups and service provision (e.g. pollinators) and include modelled distributions 

and abundances where appropriate (e.g. data is poor) or most practical (limited 

time/resources).  The outputs also need to integrate with other elements of the ADVENT 

modelling framework to act as constraints and opportunities to optimise.  More interesting 

possibilities would be to model biodiversity responses to changing land-use and climate and 

feedback biodiversity responses into the land-use models so as to explore land use 

configurations and policy interventions that support maintenance of biodiversity (e.g. 

constraints in line with international commitments such as the CBD).  Even more challenging 

would be to incorporate biotic interactions to improve predictions and explore community-

level responses (e.g. ecosystem resilience). 

 One point which arose in discussion of biodiversity issues is that there may be a need for 

ADVENT to investigate some quite radical energy scenarios (e.g. 100% renewables) to reveal 

discernible impacts on biodiversity or environmental characteristics such as water quality at 

a national scale, though it is also important to recognise that there could be localised 

impacts associated with less radical changes.   

 Process-based models exist for Short Rotation Coppice (SRC), Miscanthus and Short Rotation 

Forestry (SRF) that can predict bioenergy yields out to 2050 (e.g. Pogson et al., 2013).   

Results to date highlight the North East/West and South West of England as areas where 

bioenergy-based infrastructures could be particularly appropriate.  Qualitative changes in 

provisioning, regulating and other ES associated with conversion of land to bioenergy have 

been assessed in a matrix framework (Milner et al., 2016).  Quantitative assessments of 

impacts exist for greenhouse gases (e.g. Richards et al., in press). 

 Offshore wind energy generation capacity is predicted to see a major increase in the next 

decade.  Existing and planned sites can be identified from data available on the Crown Estate 

website (http://www.thecrownestate.co.uk/) and the potential will increase further with a 

shift from fixed to floating turbines (see maps in Gove et al., 2016).  However, information 

on possible ecosystem service impacts is patchy and unlikely to allow much more than a 

qualitative evaluation of changes.  

 Research on energy systems needs a greater degree of spatial and temporal disaggregation.  

Spatial disaggregation is required because energy service needs and the availability and cost 

of different energy resources depend on location.  In addition, the transfer of energy from 

one location to another depends on the transfer infrastructure (i.e. wires, pipes, tankers 

etc.) that has a cost and may be increasingly difficult to expand due to environmental or 

societal impacts.  Temporal disaggregation is important in terms of system operation (i.e. 

security of supply, capacity constraints and storage requirements).   

 Networks and storage are two particular components of energy systems research where 

greater spatial disaggregation is needed.  Research on energy storage is occurring through 

the EPSRC RESTLESS project (Realising Energy Storage Technologies in Low-carbon Energy 

Systems, http://www.restless.org.uk/).  Representation of networks can be challenging.  

National Grid provide planning statements and GIS data on transmission networks (see 

http://www2.nationalgrid.com/uk/services/land-and-development/planning-

authority/shape-files/), but details at regional and local scales are not readily available for 

reasons of commercial confidentiality.  In Great Britain there are 14 Distribution Network 

http://www.thecrownestate.co.uk/
http://www.restless.org.uk/
http://www2.nationalgrid.com/uk/services/land-and-development/planning-authority/shape-files/
http://www2.nationalgrid.com/uk/services/land-and-development/planning-authority/shape-files/
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Operators (DNOs) which are companies licensed by Ofgem to distributes electricity from the 

transmission grid to homes and businesses within geographically-defined areas.  Under the 

Utilities Act 2000 DNOs are prevented from supplying electricity; this is done by separate 

supply companies (Distribution System Operators, DSOs) chosen by the consumer, who 

make use of the distribution networks.  Some examples of local network data are due to 

become available as outputs from the Energy Network Association DS2030 project (see 

http://www.smarternetworks.org/) and the Infrastructure Transitions Research Consortium 

have created a network representation (see Pant et al., 2016) which may become available 

for research purposes as part of the MISTRAL project (http://www.itrc.org.uk/) if a number 

of Ordnance Survey licensing issues are resolved. 

 In order to translate the outputs from energy systems models into ES impacts it will be 

necessary to identify locations for potential changes in feedstock sources and generation 

infrastructure.  To assist in this task a GIS database of existing sites has been created from 

details in the Digest of UK Energy Statistics (DUKES) and the DECC Renewable Energy 

Planning Database.  The maps in Figure 3 below show the distributions of some 2,670 sites 

derived from these sources.  Ongoing work is compiling information on siting criteria for 

different generation technologies. 

 

 
 

Figure 3: Sites either operational, under construction or with planning approval derived from 

DUKES 2015 or the DECC Renewable Energy Planning Database as of May 2016 

 

 One challenge of using a combination such as GTAP / WaterGAP to assess international 

effects is that there are only six energy-related sectors in GTAP.  This means, for example, 

that it is difficult to separate out biomass feedstocks in GTAP.  As a consequence, there may 

be a need to explore the use of other multi-regional input-output databases with a greater 

sector disaggregation (e.g. EXIOBASE, http://www.exiobase.eu/index.php). 

http://www.smarternetworks.org/
http://www.itrc.org.uk/
http://www.exiobase.eu/index.php
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Developing a ‘Fast Track’ Initiative 

Previous discussion among the project team had led to a decision to undertake a ‘fast track’ 

modelling exercise in late 2016 / early 2017.  The idea for such an initiative came from reading about 

the experiences of the Infrastructure Transitions Research Consortium (Hall et al., 2012; Hall et al., 

2014) and concluding that it could be an effective way to: 

i. Scope the challenges of linking different types of models and the scale of ES impacts 

associated with contrasting energy pathways. 

ii. Provide a more tangible demonstration of the types of questions that ADVENT is seeking to 

address to a range of external stakeholders. 

Discussion at the workshop focused on defining the aims and content of such an initiative and the 

main elements were agreed as follows: 

 Aim – select two contrasting energy pathways through to 2030 and assess their implications 

for natural capital under different sets of criteria for identifying the locations of new 

generation infrastructure and feedstock sources.     

 For practical reasons the pathways should be examples where UK-TM model output already 

exists and a timescale to 2030 was selected based on advice from the ADVENT External 

Advisory Board that this was the most meaningful horizon for decision-makers at present.  

Potential pathways were identified as the ‘Insular’ variant (which includes Brexit) in the 

recent UKERC study on the future role of natural gas (McGlade et al., 2016) and a ‘high 

renewable – no new nuclear’ alternative.  

 The energy supply requirements under these two pathways through to 2030 should then be 

defined and converted into estimates of the number and size of new facilities needed for 

each relevant generation technology.  For each technology a GIS dataset will then be derived 

indicating the energy generation potential and costs of production across Great Britain 

(including terrestrial, coastal and marine environments).  Subsequently these data layers will 

be imported into a spatial optimisation framework (similar to the TIM system described by 

Bateman, Day et al., 2014) that will identify spatial distributions of infrastructure based on 

the following criteria. 

i. Maximising economic returns from energy generation 

ii. Maximising economic returns from energy generation also considering the market value 

of the land uses and marine activities displaced by the new infrastructure and feedstock 

provision 

iii. Maximising economic returns from energy generation also considering a) the market 

value of the land uses and marine activities displaced by the new infrastructure and 

feedstock provision and b) values for externalities related to changes in greenhouse gas 

emissions, recreation potential, visual amenity and biodiversity indicators. 

 The above exercise will generate three distributions of generation sites (and associated land 

use changes) for the two selected pathways.  For each of these six potential energy system 

configurations we will then assess a range of market and non-market variables to determine 

their overall welfare implications in monetary terms.  The non-market characteristics are 

likely to include impacts on carbon emissions, recreational activity, visual disamenity and 
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water quality.  If time and data availability permit the list may be extended to include 

indicators of biodiversity or landscape character. 

 A complementary assessment of the energy system configurations will be conducted using a 

multi-regional input-output framework (based on GTAP) to compare their overall UK and 

global footprints in terms of carbon emissions, water use, food production and biodiversity. 

 The insights gained from the initiative, both in terms of substantive findings and regarding 

the practicalities of model integration, will be written up as a UKERC Working Paper and also 

form the basis of a presentation to relevant external stakeholders at a central London venue. 

The target is to complete the drafting of the working paper by the end of February 2017.  A separate 

document has been prepared summarising the timeline necessary for this to be achieved, as well as 

identifying roles and responsibilities.  

Ultimate Outputs from ADVENT Modelling 

The ADVENT work programme envisages that the integrative results from the core work packages 

should start to become available in early 2019.  Discussion at the workshop sought to clarify the 

forms that these might take in terms of key deliverables, target audiences and routes to impact. 

Outputs at two main geographical scales (national and catchment) were envisaged, with their main 

features summarised in Tables 2 and 3 below.   

Table 2: Features of the planned national strategic analysis 

Characteristics Description 

Key Deliverables 
A means of assessing the natural capital implications of different 
energy pathways and associated trade-offs at a national scale. The 
focus will be on electricity generation and use. 

Format of Outputs 

An online tool providing access to pre-processed results in the form 
of a variant to the DECC 2050 Calculator or the ORVal recreation 
value tool currently being developed by ADVENT Co-Investigators 
for Defra (see http://leep.exeter.ac.uk/orval/ for beta version). The 
online tool would be supplemented by UKERC Working Papers, 
policy briefs and journal publications. 

Timescale 
Co-design activities in 2018 with technical development in 2019 
leading to a beta version available in the latter half of that year and 
launch activities in the final six months of the project 

End-Users 
Defra, BEIS, devolved administrations, Committee on Climate 
Change, Ofgem, National Grid, Energy Systems Catapult, energy 
companies,  

Means of Enabling Use 

Workshop to co-design interface and outputs, launch presentations 
and workshops, short-term placements of ADVENT researchers 
(including PhD students) within prospective user organisations or 
hosting of staff within the ADVENT partners  

Means of Supporting/ 
Updating beyond ADVENT  

Additional funding will be required, this could potentially come from 
NERC Impact Accelerators, the Energy Systems Catapult or the STFC 
Challenge Led Applied Systems Programme (CLASP) 
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Table 3: Features of the catchment scale analysis 

Characteristics Description 

Key Deliverables 

A means of supporting planning, investment or land-use change 
decisions by providing insight into energy potentials and natural 
capital implications. The focus will be wider than electricity, 
possibly including transport, heat and distributional effects. 

Format of Outputs 

An online tool providing access to pre-processed results, the ability 
to extract information for user-defined areas and provision of user 
annotation. The presentation could utilise platforms such as Google 
Earth or ESRI Story Maps as well as summary digital reports. 

Timescale 
Co-design activities starting in 2019 with dissemination beginning in 
late 2019 or early 2020. 

End-Users 

Local authorities, local enterprise partnerships (or equivalent), 
farmers or other land-based enterprises, river trusts, water 
companies, Natural England, Environment Agency and devolved 
administration equivalents.  

Means of Enabling Use 

Workshop to co-design interface and outputs, launch presentations 
and workshops, short-term placements of ADVENT researchers 
(including PhD students) within prospective user organisations or 
hosting of staff within the ADVENT partners.  

Means of Supporting/ 
Updating beyond ADVENT  

Additional funding will be required, this could potentially come 
from the same sources as identified for the national strategic 
analysis, water companies or entities such as local enterprise or 
catchment partnerships. 

 
Outputs at the national scale will be at a 2 km or 5 km grid resolution and seek to provide a 

systematic overview of natural capital implications associated with selected energy system pathways 

emerging from discussions with UKERC.  The catchment scale deliverables are likely to be more 

differentiated to reflect local priorities and the expertise of the partners involved.  Selection of 

catchments will need to reflect the distribution of ADVENT consortium members and where 

research is taking place as part of WP5 or through PhD studentships, but also depend on where 

there is greatest local interest. The WP5 studies will not begin until late 2016 and most of the 

ADVENT PhD studentships will start in October 2016 so this catchment-scale work will run behind 

the national analysis and it was envisaged that it will be concentrated in the last 18 months of the 

project. 
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