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Potential for Negative Emissions Technology in Ireland

Section A1: Literature Review

Meinshausen et al. (2009) provides the key scientific foundation for inferring a fixed global 
carbon budget from a given target global temperature rise constraint. Under the Paris 
Agreement (UNFCCC 2015) the parties to the United Nations Framework Convention on 
Climate Change have endorsed a collective global goal of keeping temperature rise “well 
below” +2°C over pre-industrial. However, almost all IPCC scenarios for achieving this goal 
currently assume that cumulative CO2 emissions will, in fact, overshoot the corresponding 
available atmospheric budget within 20-40 years; but that it will become physically and 
economically practical to deploy “negative emissions technologies” (NETs) on a sufficiently 
large scale to “recapture” this excess CO2, and store it securely enough, quickly enough, to still 
prevent the temperature limit being breached. Net negative emissions are achieved when more 
GHGs are sequestered or stored than are released to the atmosphere over a given time. Smith 
et al (2015) presents a review of current global scenario modelling for climate change 
mitigation. For cases meeting the +2°C temperature goal they find that current global ⪅
mitigation scenarios almost all assume the achievement of global net negative emissions from 
approximately 2050 onward, with a sustained net negative emissions rate of the order of 3.3 
GtC/yr (12 GtCO2/yr). However, there are very large uncertainties in the technical feasibility of 
such rates, in costs (even if technically feasible), in cumulative storage/sequestration capacity, 
and in impacts on other critical global human systems, particularly food production.
While the sources of rising CO2 and other greenhouse gases (GHGs) are many, primary energy 
supply is a major contributor. The grand challenge is to lower GHG emissions while providing 
energy to meet the continuing needs of human development (against a background of a still 
growing world population). Electricity generation alone accounts for approximately one third of 
global emissions. A sustainable energy future requires strategies to allow the use of energy 
while enabling the absolute reduction of GHGs concentrations in the atmosphere.
Society needs to be informed of the potential risks and opportunities associated with the 
mitigation options in order to decide which are the best for dealing with climate change. Many 
NETs have been proposed but we need to be clear on their feasibility, cost and acceptability 
before recommendations can be made on their implementation. Probably the less well studied 
aspects of the application of these technologies have been the impacts that large-scale CO2 
removal could have on ecosystems and biodiversity.
A key question when considering the application of NETs is whether deployment of any 
proposed mechanism can be effectively achieved and most importantly sustained. Most of the 
NETs require the use of land and water, some use fertilizer, and many impact on albedo (Smith 
et al. 2015). NETs vary significantly in terms of their requirement for land, GHG emissions 
removed or emitted, water and nutrient use, energy produced or demanded, biophysical 
climate impacts (effects on albedo), and cost. All of these are strongly dependent on their 
scale of deployment. To inform society of the potential risks and opportunities afforded by 
NETs, more research is clearly required.
There are a number of groups of NETs but those that are most likely to be applicable in the 
Irish environment are: (1) bioenergy with carbon capture and storage (BECCS) which 
combines the two existing technologies of growing biomass and burning it in power plants and 
the storage of released CO2 in the ground, (2) afforestation and reforestation (AR)  (3) altered 
agricultural practices to increase carbon storage in soils, and (4) converting biomass to 
recalcitrant biochar for soil amendment. Others that are under active consideration including, 
direct air capture of CO2 from ambient air by engineering chemical reactions (DAC), and 
enhanced natural weathering of mineral soils (EW), are also potential useful but are still at 
very early stage investigation.
Bioenergy with carbon capture and storage (BECCS) uses existing technologies for biomass 
energy conversion coupled to carbon capture and secure, very long term, storage. Biomass or 
Energy Crops are grown specifically for production of heat, electricity or transport fuels. Energy 
crops can take many different forms and can be utilized in a variety of ways from simple 
combustion to complex bioconversion processes (Jones 2011). First generation energy crops 
have been traditionally used for food production but are now exploited for their energy content 
in direct combustion or more frequently for conversion to bioethanol or biodiesel. However, 
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because these crops are normally annuals requiring intensive management and displace food 
production there are strong pressures to introduce so called second generation energy crops 
that can produce high yields of biomass on marginal land not currently used for food 
production and with much lower inputs such land management and fertilizers. Different 
biofuel production methods capture different proportions of bioenergy in deliverable usable 
forms (Tilman, Hill, and Lehman 2006). Across a full life cycle biofuels can be carbon neutral 
(no net effect on atmospheric CO2 and other GHGs), or a carbon source (net increase in 
GHGs) depending on how much CO2 and other GHGs (expressed in CO2 equivalents) are 
removed from or released into the atmosphere. For example, both maize-ethanol and 
soybean biodiesel are net CO2 sources but may have 12% and 41% lower net GHG emissions 
than combustion of the oil they displace. In contrast some biofuels may be carbon negative 
leading to net sequestration of atmospheric CO2 across the full life cycle of biofuel production 
and combustion. Two types of biofuel crops that are now being deployed are Perennial 
Rhizomatous Grasses (PRGs) and Short Rotation Forestry (SRF) but the advantages and 
disadvantages associated with the use of different types of biomass are only partially 
understood. For example the characteristics of different particle size of the biomass and 
dynamics of the flame are important in the co-firing of biomass and determining the 
efficiency of energy conversion. Directly negative carbon emissions are possible with energy 
crops if there is additional carbon sequestration in the soils in which the crops grow (Styles 
and Jones 2008) but the benefits significantly increase if used in the deployment of 
combustion-based carbon capture systems. The most advanced capture method is amine 
scrubbing, which captures up to 90% of the CO2 in flue gas. However this technology 
currently costs an estimated US$50-US$80 per tonne of CO2 (Milne and Field 2012). Further, 
the scale requirements and need for connect to suitable CO2 storage infrastructure, mean 
that its use may be practically limited to large point sources of CO2, such as large electricity 
generating stations. There is increasing recent evidence that it is possible to achieve some 
significant negative emissions in the bioenergy life cycle even without carbon capture and 
storage provided the biomass is managed appropriately (Davis 2012). Among the factors 
involved are crop choice, previous land use, harvest frequency and nutrient management. 
However, long term (millennia scale) stability of such biomass sequestration is uncertain.
Any national proposals concerning the development of biofuel programmes must take into 
account the fact that the use of biofuels in the EU must already meet certain (minimum) 
‘sustainability  criteria’ in order for them to be counted towards national biofuel targets. The 
EU Renewable Energy Directive (2009/28/EC) (European Parliament and Council 2009) 
requires that (i) from January 2017 lifecycle GHG emission savings from biofuels compared 
with fuels they displace must be at least 50%, and from 2018 must be 60%, (ii) biofuels 
from peatland and land with high biodiversity value or high carbon content cannot be used, 
(iii) the impact of biofuel policy on social sustainability, food prices and other development 
issues should be assessed.
Afforestation and reforestation (AR) both refer to establishment of trees on non-treed land. 
Reforestation refers to establishment of forest on land that had recent tree cover, whereas 
afforestation refers to land that has been without forest for much longer. A variety of 
definitions differentiate between these two processes. Some definitions of afforestation are 
based on phrases such as "has not supported forest in historical time;" others refer to a 
specific period of years and some make reference to other processes, such as "under current 
climate conditions." The IPCC Guidelines define afforestation as the "planting of new forests 
on lands which, historically, have not contained forests." Forest ecosystems represent a 
significant terrestrial carbon store and have the potential to offset atmospheric carbon 
dioxide concentrations by sequestering carbon in the biomass and soils. In Ireland, the 
establishment of >250,000 ha of plantation forestry since 1990 has increased the carbon 
assimilation and sequestration potential of these ecosystems, which are dominated (>50%) 
by mono-species stands of Sitka spruce (Black et al. 2009). However, the magnitude of the 
forest sink depends on several factors including soil type, stand age and forest management 
(Black et al. 2009). Afforestation in Ireland has historically taken place on peat soils, which 
has significant implications for soil based carbon stocks due to increased rates of oxidation 
associated with land preparation and drainage, however since 2003 there has been an 
increase in rates of afforestation on mineral soils, particularly surface-water gleys (Black et 
al. 2009). Rates of carbon uptake tend to vary over the life-cycle of a forest, with young 
stands acting as a net source, peak uptake occurring prior to canopy closure and a gradual 
decline in uptake observed in older stands associated with the impacts of long-term 
management, lower rates of photosynthetic carbon assimilation and lower leaf area index 
(Kolari et al. 2004). Clear felling of older forests and re-planting can, in principle, increase 
carbon sequestration in the long term but may have short term negative impacts, creating a 
significant early “carbon debt”, (Stephenson and MacKay 2014). Other forms of forest 
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management, such as thinning also has the potential to alter rates of carbon assimilation 
and sequestration in the short-term, however the impacts of management are dependent on 
both the thinning intensity and the climatic parameters that influence the physiological 
response of the remaining stand (Saunders et al. 2012).
Altered agricultural practices to increase soil carbon storage (SCS). About two thirds of 
terrestrial carbon is found sequestered below ground in the soil. Most of this carbon is near 
the surface and is vulnerable to disturbance which leads to its oxidation and release to the 
atmosphere. Conservation or reduced tillage as well as full inversion tillage which buries the 
topsoil at depth have both been shown to reduce carbon emissions (Abdalla et al. 2013; 
Beare et al. 2014). Other practices such as organic amendment, improved rotations/deeper 
rooting cultivars, optimized stocking density, optimized nutrient management have been 
proposed to increase soil carbon sequestration (Smith 2016). Two major drawbacks to soil 
carbon storage are (i) the vulnerability of the soil carbon to disturbance, particularly 
ploughing and (ii) the issue of sink saturation. Soil carbon storage may be large initially but 
decrease to zero as the soil reaches sink saturation after 10-100 years depending on the soil 
type and climate. The importance of this for NETs is that they are most likely to be required 
in the latter half of this century.
Converting biomass to recalcitrant biochar for soil amendment. Biochar is produced through 
pyrolysis or gasification, processes that heat biomass in the absence (or under reduction) of 
oxygen. In addition to creating a soil enhancer, sustainable biochar practices can produce oil 
and gas byproducts that can be used as fuel, providing clean, renewable energy. When the 
biochar is buried in the ground as a soil enhancer, the system can become carbon negative 
(Smith et al. 2015; Woolf et al. 2014). Smith et al. (2015) suggests that SCS and biochar 
could achieve negative emissions with fewer potential disadvantages than many other NETs. 
It is suggested that globally the  SCS and biochar potential is comparable to the potential for 
AR but lower than BECCS. It is proposed that the potential for biochar could be enhanced by 
combining with BECCS, so that biochar is produced as  a co-product of energy generated 
from biomass (Smith 2016). Additional environmental benefits of biochar production that 
have been demonstrated include improved soil fertility, increased crop production and 
reduced nitrous oxide emissions from soils (Woolf et al. 2014). Probably of more significance 
is that biochar is more stable than other forms of soil carbon, potentially sequestering 
carbon for centuries to millennia (Woolf et al. 2010).
In order for decision makers to make decisions about the deployment of NETs in Ireland, 
integrated assessments are required to bring together and summarise information from 
diverse fields of study on this complex environmental issue. In essence integrated 
assessments seek to provide information of use to decision makers rather than advancing 
understanding for its own sake. Integrated assessments models (IAMs) are tools for 
conducting integrated assessments. IAMs generally include both physical and social science 
models that consider demographic, political, and economic variables that affect GHG 
emission scenarios. In order to avoid warming of more than +2°C the most recent scenarios 
from IAMs have shown that large scale deployment of NETs is necessary on a global scale 
(Smith 2016). However at the national scale integrated assessments are required to inform 
policy for Ireland. An energy systems macroeconomic general equilibrium model (premised 
on minimising “discounted notional cost”) developed for Ireland is the Irish TIMES model 
(Gallachóir et al. 2012). This model provides a means for testing energy policy choices and 
scenarios and assessing possible implications for the Irish economy through technical 
engineering and economic approaches. Using the Irish TIMES model Chiodi et al. (2015) 
have assessed the potential role of bioenergy in meeting Ireland’s commitments for GHG 
emission reductions in line with current EU commitments (which, as yet, fall significantly 
short of achieving the Paris Agreement temperature goals). However that analysis has not as 
yet incorporated NET scenarios. Without these it is suggested that biomass energy 
production will require about 710,000 ha of land, equivalent to 17% of total agricultural 
area. It is suggested that this will have serious implications for food supply  and further 
research is required to improve the integrative modelling of the interactions between the 
energy and agricultural systems.

Section A2: Pressures, Policy and Responses

“It is clearly less risky not to emit a tonne of CO2 in the first place, than to emit one in 
expectation of being able to sequester it for an unknown period of time, at unknown cost, 
with unknown consequences, at an unknown date and place in the future.” – Rob Bailey, 
Chatham House (Carbon Brief 2016) 
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Given large uncertainties in both the feasibility and costs of large scale negative emissions 
technology, there is a very significant prima facie risk that it will not be available early 
enough, or at sufficient scale, to satisfy the assumptions of existing “well below +2°C” 
mitigation scenarios. Reliance on availability of very large scale negative emissions 
deployment proposes, in effect, that present policy action can or should rely on reversibility 
(of cumulative atmospheric CO2) becoming possible in the future: if this assumption fails, 
then the effect will be that the large (potentially unlimited) negative impacts of already 
committed present policy will instead transpire to be irreversible in the future.
There is, of course, an extensive literature on policy development or analysis in such 
circumstances e.g., (Arrow and Fisher 1974; Epstein 1980; Gollier, Jullien, and Treich 2000). 
The key questions are to what extent uncertain reversibility mandates preemptive current 
policy (in the current case, preemptive deep decarbonisation on a trajectory that would not 
rely on future negative emissions to meet the +2°C temperature goal), and to what extent ⪅
it may be possible to progressively resolve the future uncertainties (around feasibility, costs, 
and limits of negative emissions technology) early enough and reliably enough to allow 
prudent relaxation of ongoing policy. Essentially, this amounts to understanding the 
appropriate, commensurate, application of the “precautionary principle” to this existential 
global threat. This goes beyond “traditional” risk assessment (decision making under mere 
stochastic “uncertainty” – where there is still an implicit presumption of a reliably known 
probability distribution on future events) to involve so called “decision making under 
ignorance” (Rumsfeldian “unknown unknowns”).
Preemptive deep decarbonisation, within the terms of the UNFCCC, would properly fall first 
and foremost to those countries and blocs having both high current emissions intensity and 
significant historical emissions “debit”. “Deep” here means decarbonising at much higher 
rates than are currently deemed economically, politically or socially acceptable or feasible. 
Accordingly it is critically important to establish an immediate and ongoing assessment of 
the state of the negative emissions technology development and deployment both nationally 
and globally, so that the evaluation of preemptive, radical, and politically difficult, policy 
intervention can be properly informed by the best available research.
Prima facie, BECCS appears as the most plausible negative emissions technology for early 
deployment in Ireland. However, large-scale BECCS faces difficult biophysical, technical and 
social challenges. Fuss et al., (2014) suggest that four major uncertainties need to be 
resolved: (i) the physical constraints on biomass production, including large scale 
deployment relative to other land needs, such as food security and biodiversity conservation, 
(ii) the presence of safe, long term storage capacity for carbon, (iii) the costs and financing 
of untested technology, and (iv) socio-institutional barriers including public acceptance of 
new technologies.
In relation to the CCS component of BECCS, the geological CO2 storage potential for Ireland 
was already comprehensively reviewed in a study sponsored by the EPA and SEAI (CSA 
Group 2008). An important conclusion was that “... there would be no logic in investing in 
expensive carbon capture technologies unless a proven geological storage site within 
acceptable socio-environmental risk parameters were to be available to take the captured 
CO2 into safe, long term storage.” This speaks directly to the question of early reduction in 
uncertainty/ignorance. In particular, the CSA Group report identifies the current need for 
significant investment in detailed testing of the suitability and capacity of at least an initial 
geological storage site, before adopting other long term policy commitments predicated on  
future carbon capture and storage (even from continued fossil fuel combustion, quite aside 
from BECCS). This represents a key domain for informed early policy making while there is 
still some flexibility in the adoption of long term, otherwise irreversible, emissions 
commitments.

Section B: Objectives and targets, detailed work-packages, risk 
and contingencies

The overarching objective is to provide a detailed and rigorous assessment of the scale and 
speed of negative emissions technology deployment that is required by currently envisaged 
decarbonisation pathways (globally and nationally), consistent with the Paris agreement goal 
of limiting global temperature rise to “well below +2°C” over pre-industrial; to evaluate the 
options and capacity for Ireland itself to directly contribute to such deployment; and to 
provide an evidence base for assessing the risks attaching to reliance on such presumptive 
future technology deployment in designing current (5-15 year) decarbonisation policy 
measures. In particular, the project will focus on identifying early research or policy actions 
that could significantly reduce the uncertainties attaching to the feasibility and costs of 
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negative emissions technology, both globally and nationally.
This is designed as a medium scale study, with no critical dependence on external factors or 
interactions. The major project risk factor is delay or difficulty in recruiting additional 
appropriately qualified research staff to focus exclusively on this project. This risk will be 
mitigated by maintaining some flexibility in timing of recruitment and of detailed work 
package scheduling, within the overall project start and end constraints (and consistent with 
required articulations between work packages).
Note that person month effort on behalf of the co-PIs are included for reference in each 
work package description: however, as indicated in the project budget, no direct costs will 
be claimed associated with such co-PI effort (they will be absorbed by the partner 
institutions).

Work Package Title: Comprehensive Negative Emissions Technology Literature Review

Work Package No.: WP1

Cost: €53,093

Start Month: 1 End Month: 9

Work Package Leader 
Details:

Leader Name  Leader 
Organisation

Leader Person Months

Prof. B. McMullin DCU 0.49
Work Package 
Partner(s) Details:

Partner Name Partner 
Organisation

Partner Person Months

1 Prof. M. Jones TCD 0.52

2 PD1 TCD 5.22

3 RA1 DCU 5.90

Objectives: Identify, and summarise existing literature on the potential forms of 
negative emissions technology (NET), with a particular focus on 
technology options suitable for deployment in Ireland.

Description of Work: • Identify relevant literature, nationally and internationally. 
Appropriate bibliographic search tools to be used. Coverage to 
include academic literature (journals, conferences, books) and grey 
literature where appropriate (reports, popular media etc.). 
Preliminary literature review in A.1 above indicates appropriate entry 
points.

• The focus will be on: the global carbon budget (consistent with the 
Paris Agreement objectives); options for multilateral management of 
the budget (with consequences for distribution/allocation); 
categories of potential negative emissions technologies; appropriate 
valuation/investment policy and decision making under such 
conditions of very uncertain technology feasibility and maturity; 
analysis and modelling of policy responses. Include approaches to 
estimating comparative costs of “inaction” (consequences of 
exceeding carbon budgets). Specific consideration of roles for market 
mechanisms (pricing, taxation, subsidies etc.) versus regulatory 
mechanisms (standards, allowances, licensing etc.).

• Attention to be given to Ireland's distinctive emissions profile (with 
high non-CO2 GHG contribution, particularly from livestock 
agriculture).

• Organise, synthesise and summarise current state of knowledge with 
particular relevance to Ireland. This will include explicit formulation 
of  an appropriate range of Irish carbon budget and compatible 
emission pathway scenarios; an approximate ranking of potential 
negative emissions technologies in terms of their feasibility and 
suitability for deployment in Ireland; and identification of key 
uncertainties or unknowns in choosing Irish policy approaches to 
negative emissions technologies.

• One day workshop event to present summary.
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Deliverables and 
Milestones:

• Comprehensive literature review, published as open access project 
white paper (with public metadata bibliography, via, e.g., 
zotero.org).

• Summary critical review as open access journal article.

Expected Outcomes: Availability of a comprehensive critical review of the existing literature, 
including a preliminary evaluation of the feasibility, timescale, capacity 
(both stock and flow) and indicative costs (capital and recurrent) of 
negative emissions technology deployment, both globally and 
specifically in Ireland.

Work Package Title: Modelling of bioenergy resource potential in Ireland

Work Package No.: WP2

Cost: €44,354

Start Month: 7 End Month: 18

Work Package Leader 
Details:

Leader Name  Leader 
Organisation

Leader Person Months

Prof. M. Jones TCD 0.70
Work Package 
Partner(s) Details:

Partner Name Partner 
Organisation

Partner Person Months

1 Prof. B. McMullin DCU 0.13

2 PD1 TCD 6.96

3 RA1 DCU 1.57

Objectives: The aim of WP2 is to use state of the art mechanistic modelling to 
estimate realistic yields of perennial rhizomatous grasses (PRGs) and 
short rotation coppicing (SRF) for different locations in Ireland. 

Description of Work: So-called Bio-Energy with Carbon Capture and Storage (BECCS) is 
recognised as one of the more plausible potential technological 
pathways to achieve net negative emissions at significant global scale 
within this century (Smith et al. 2015). Among currently considered 
NETs, BECCS is particularly relevant to Ireland given the potential to 
substitute indigenous bio-energy for imported fossil fuel energy, thus 
enhancing energy security, balance of trade, and indigenous 
employment (assuming internationally competitive biomass production 
costs). However, it is unclear whether the possible indigenous biofuel 
production capacity could be sufficient to achieve net negative 
emissions (after economically preferred allocation to displacement of 
direct fossil fuel use in heating and transport, which would be expected 
to have lower marginal abatement costs than bio-energy electricity 
generation with or without CCS). Importation of biofuel to support 
BECCS operations in Ireland can also be considered; however, that 
would forfeit the economic co-benefits of indigenous biofuel production 
(security, employment etc.). International trade and emission 
accounting rules (to reflect the implied territorial separation of 
atmospheric drawdown and long-term storage) are also currently 
unclear. Accordingly, assessment of maximum feasible indigenous 
biofuel production is an essential component of assessing the potential 
for effective BECCS deployment in Ireland.
Economically viable bio-energy production depends on maximising 
output per hectare while minimising inputs. It has become increasingly 
clear from research in Europe (Karp and Shield 2008) that there are 
two strategies to achieve this based on two classes of crops viz. 
perennial rhizomatous grasses (PRGs) and short rotation coppicing 
(SRC). Among the PRGs available it has been demonstrated that 
grasses with C4 photosynthesis (eg. Miscanthus and Switchgrass) have 
advantages in terms of light use efficiency and nitrogen use efficiency. 
While SRC species which appear to be most suited to the Irish 
environment are Willows and Poplars.

https://www.zotero.org/
https://www.zotero.org/
https://www.zotero.org/
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Currently the SEAI Bioenergy Mapping System provides a GIS-based 
assessment tool for identifying the most attractive locations for biofuel 
crops in Ireland but the yield estimates are not based on mechanistic 
modelling at a sufficiently fine grain scale to assess the detailed carbon 
dynamics and in particular the carbon sequestered in crop and soil.
• The aim of WP2 is to use state of the art mechanistic modelling to 

estimate realistic yields of PRGs and SRF for different locations in 
Ireland. Yields are determined by climate, soils, including nutrient 
status and water availability, and management including planting 
density and harvesting time and frequency. 

• There will be an initial short review of available published models and 
models suitable for Ireland will be used to predict yields for the next 
50 years assuming a strategy of maximising yield per hectare of land 
while minimising inputs, particularly in terms of fertilizer 
requirements and land management.

• Yields will be compared with those for forestry determined using the 
CARBWARE forest stand simulator (Black 2016) currently used for 
the UNFCCC reporting on GHG emissions for Ireland (Duffy et al. 
2015).

•  Future scenarios will also assess the impact of potential climate 
change over the next 50-100 years, including “high end” change 
scenarios where global mitigation falls short of UNFCCC goals, 
regional or global climate sensitivity falls at the upper end of current 
models, or model simplifications/exclusions prove invalid.

Deliverables and 
Milestones:

The output from WP2 at M18 will be a productivity map on a 10 km 
grid scale of predicted yields of PRG and SRC crops across Ireland.

Expected Outcomes: Detailed productivity maps on 10 km grid scale comparing yields for 
PRGs, SRF and conventional forestry. Guidelines for optimal land use in 
Ireland for meeting demands  for  biofuel.  

Work Package Title: Life Cycle Assessment (LCA) of GHG emissions and Techno-economic 
Analysis of bioenergy production in Ireland

Work Package No.: WP3

Cost: €44,354

Start Month: 13 End Month: 24

Work Package Leader 
Details:

Leader Name  Leader 
Organisation

Leader Person Months

Prof. M. Jones TCD 0.70
Work Package 
Partner(s) Details:

Partner Name Partner 
Organisation

Partner Person Months

1 Prof. B. McMullin DCU 0.13

2 PD1 TCD 6.96

3 RA1 DCU 1.57

Objectives: Develop a comprehensive life cycle assessment of the GHG emissions 
profile of target biofuel crop cultivation in Ireland.

Description of Work: Life Cycle Assessment is an analytical method of identifying, evaluating 
and minimising the environmental impacts of emissions and resource 
depletion associated with the process of bioenergy production (Davis, 
Anderson-Teixeira, and DeLucia 2009). Conducting a full LCA for 
bioenergy production is important for determining the authentic 
environmental benefits of cultivating biofuel crops. In this work 
package we will update the work of Styles and Jones (2007) to 
calculate greenhouse gas emissions from dominant agricultural land 
uses with a focus on the use of marginal or less productive land for 
PRG or SRC.

http://www.seai.ie/Renewables/Bioenergy/Information_and_Resources/Bioenergy_Mapping_System/
http://www.seai.ie/Renewables/Bioenergy/Information_and_Resources/Bioenergy_Mapping_System/
http://www.seai.ie/Renewables/Bioenergy/Information_and_Resources/Bioenergy_Mapping_System/
http://www.seai.ie/Renewables/Bioenergy/Information_and_Resources/Bioenergy_Mapping_System/
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• We will use a life cycle inventory (LCI) modelling package up to the 
point of the farm gate to assess net GHG emissions. The inventory 
considers all inputs and processes involving a net emission or sink of 
the major GHGs (CO2, CH4, and N2O). This will explicitly consider 
overall national energy system scenarios constrained to achieve net 
zero (or negative) emissions, implying low- or zero-GHG farm inputs 
and on-farm energy consumption (see also WP4). Proper assessment 
will be included of the emissions of the specific land-uses potentially 
being displaced, and one-off emissions (if any) associated with land-
use change/biofuel crop establishment.

• The work package will go on to apply techno-economic analysis 
(TEA) to the identified bioenergy production systems to provide a 
detailed understanding of their likely economic and technical 
impacts, including parameters for cost-benefit assessment and 
evaluation of risk. This will build on and complement previous near 
term (up to 2020) economic analysis of bioenergy in Ireland by SEAI 
(2012), as well as longer term general equilibrium modelling of 
bioenergy development using the Irish-TIMES platform (Chiodi et al. 
2015).

Deliverables and 
Milestones:

Report on comparisons of LCAs for PRGs and SRF in Ireland, at M18. 
Outputs from TEAs at M24. Submission of journal article.

Expected Outcomes: An assessment of the GHG impacts of growing energy crops in Ireland 
with a focus on the potential for negative emissions. The costs and 
technical consequences of producing biofuels to achieve negative CO2 
emissions. 

Work Package Title: Modelling of the role of negative emissions technologies in deep 
decarbonisation pathways for the Irish energy system, including long-
term infrastructure constraints and requirements

Work Package No.: WP4

Cost: €60,893

Start Month: 7 End Month: 24

Work Package Leader 
Details:

Leader Name  Leader 
Organisation

Leader Person Months

Prof. B. McMullin DCU 0.99
Work Package 
Partner(s) Details:

Partner Name Partner 
Organisation

Partner Person Months

1 Prof. M. Jones TCD 0.21

2 PD1 TCD 2.09

3 RA1 DCU 11.80

Objectives: Investigate in detail the technical scenarios for full decarbonisation of 
the Irish energy system, including the role of negative emissions 
technologies, in accordance with the Paris agreement goals, and 
examining the specific policy implications for energy infrastructure 
investment.

Description of Work: Given the dominant role of energy supply in CO2 emissions, deep 
decarbonisation (SDSN 2014) will necessarily impact strongly on the 
overall structure and evolution of the Irish energy system. This spans 
electricity, transport (including aviation), and heating. Some putative 
negative emissions technologies represent significant additional energy 
loads (e.g., DAC); whereas others (notably BECCS) potentially serve as 
net energy sources. However, BECCS is expected to be practically 
limited to large scale point emission sources; and accordingly is likely 
to be restricted to the electricity generation sector only. Conversely, 
there are technical options and opportunities to electrify significant 
proportions of both heating and transport demand which may be 
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particularly compatible with BECCS deployment in electricity 
generation: but potentially requires commensurate expansion of 
electricity generation, transmission and distribution capacity (even with 
stable or contracting total final energy consumption). In terms of 
electricity generation, Ireland has an economically attractive 
indigenous low-carbon wind energy resource (both onshore and 
offshore), but some minimum level of dispatchable generation is 
absolutely required for system stability (likely of the order of 30%). 
Given practical capacity limits to hydro and grid-scale storage, the Irish 
electricity system will therefore continue to require a significant 
proportion of thermal generation: which again suggests an early focus 
on bio-energy electricity generation, and the progressive application of 
CCS to achieve zero or net negative emissions for the energy system 
overall. This work package will complement existing macroeconomic 
(general equilibrium) modelling of the Irish energy system using the 
Irish-TIMES platform (Chiodi et al. 2013; Gallachóir et al. 2012) by 
developing a selection of detailed technical scenarios for deep 
decarbonisation, up to and including the achievement of fully net 
negative emissions (on a territorial, energy system, basis). These 
scenarios will be constrained by the (equitable) cumulative CO2 
constraints identified in WP1, and will be based on combinations of:
• Reduction in total primary energy requirement (e.g., via efficiency 

measures) and/or final energy consumption (e.g., via hard 
consumption constraints or tradable permits etc.) thus favouring 
progressively lower GHG-intensity economic activities (“green 
economy”, decoupling GDP from emissions), and including possible 
contraction in absolute material consumption (prioritising multi-
dimensional measures of “prosperity” or “societal wellbeing” over the 
one dimensional measure of GDP).

• Electrification of energy services in heating and transport, as far as 
possible; substitution of bio-energy for residual energy services 
where electrification is not possible (most obviously: aviation and 
shipping).

• Maximal exploitation of indigenous wind and solar electricity 
generation; with maximum feasible use of hydro, grid scale storage, 
and demand side management (“smart” metering etc.) for system 
stability.

• Deployment of bio-energy for dispatchable electricity generation to 
fulfil remaining system stability requirements, and application of CCS 
as necessary to achieve zero or sustained net negative emissions 
from the energy system on a territorial basis (as far as possible 
using indigenous biofuel production, but in any case with rigorous 
assessment of associated production lifecycle emissions, separately 
from territorial ascription).

Going beyond macroeconomic general equilibrium (“least notional 
cost”) economic analysis, scenarios will be evaluated on multiple 
criteria including cost (capital and operational) but also lead time, 
technology maturity/uncertainty, security of supply, general 
macroeconomic impacts (employment, balance of trade, 
competitiveness), risk and resilience. Implications for the existing 
energy infrastructure, and especially the risks of stranded assets will be 
considered. Based on these assessments, a policy roadmap of research 
and flexible but progressive infrastructural transition to zero or net 
negative energy system emissions will be proposed in accordance with 
the cumulative carbon budget constraints. Criteria for prudential 
management of this energy system transition will be explicitly 
identified, to reflect the risks, uncertainties and potential impacts of 
unforeseen barriers, delays, path dependencies or costs of 
implementation.
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Deliverables and 
Milestones:

• Comprehensive report, published as open access project white paper.
• Presentation at appropriate national/international conference.
• Open access journal article summarising methodology and results.

Expected Outcomes: Availability of detailed technical scenarios for the deep decarbonisation 
of the Irish energy system, including net zero or negative emissions in 
total.

Work Package Title: Project Management, Communications and Dissemination 

Work Package No.: WP5

Cost: €47,066

Start Month: 1 End Month: 24

Work Package Leader 
Details:

Leader Name  Leader 
Organisation

Leader Person Months

Prof. B. McMullin DCU 0.66
Work Package 
Partner(s) Details:

Partner Name Partner 
Organisation

Partner Person Months

1 Prof. M. Jones TCD 0.28

2 PD1 TCD 2.78

3 RA1 DCU 3.15

Objectives: Effectively coordinate the project and all relevant activities, so that 
deliverables and milestones are executed on time and within budget. 
Ensure appropriate dissemination and communication of project 
outcomes.

Description of Work: Overall project management will be the responsibility of Prof. Barry 
McMullin (DCU). He will ensure coordination among the multi-
institutional team, monitor progress in all work packages, ensure that 
all deliverables and milestones are met, liaise with the relevant EPA 
Research Programme officer and ensure conformance with all EPA 
requirements for reporting, meetings, information exchange and 
communications activities. Prof. Jones, as co-PI, will participate in 
overall academic monitoring of the project and will contribute directly 
to all work-packages. Leadership of individual work packages is 
distributed between Prof. McMullin and Prof. Jones.
Two dedicated researchers, one at post-doctoral level, one research 
assistant, will be recruited to work exclusively on the project. 
Additional services (Science and Technology Enhancement Platform 
(STEP), finance, HR, communications and marketing, administration) 
will be provided by DCU and TCD support units as necessary.
This work package will co-ordinate overall project communications and 
dissemination. Communications to targeted audience will be organized 
in line with project progress and individual work package outcomes. 
Prof McMullin will coordinate the communication activities and 
dissemination events, distributing these according to the audience 
needs and interests. The project team will organize a final 1-day 
international workshop to target various audiences and disseminate 
results of the project. 

Deliverables and 
Milestones:

Deliverables: Technical progress reports; co-ordination meetings; 
project website; dissemination events.
Milestones: Final Report, financial report at M24 

Expected Outcomes: Management and co-ordination activities to include: project kick-off 
meeting, co-ordination meetings, communication and dissemination 
events, EPA reporting.
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Work Package Summary Table: Please use the following table to provide a summary of the contribution of each project participant under each work package.

Summary of Work Package Project Participants and Person Months

Project Participant Details Work Packages Participant Person Months

Name Organisation Leader of WP(s) WP1 WP2 WP3 WP4 WP5 Total Person Months
B. McMullin DCU WP1, WP4, WP5 0.49 0.13 0.13 0.99 0.66 2.40
M. Jones TCD WP2, WP3 0.52 0.70 0.70 0.21 0.28 2.40
PD1 TCD 5.22 6.96 6.96 2.09 2.78 24.0

RA1 DCU 5.90 1.57 1.57 11.8 3.15 24.0
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Section C: Communication

Relevance to research priorities
The project directly addresses the following thematic areas and objectives from the EPA 
Research Strategy 2014-20:
• Greenhouse Gas (GHG) emissions and sinks:

▫ To improve national GHG inventories and projections including more accurate reporting 
of Irish circumstances.

▫ To enable effective mitigation of GHG emissions.
• Socio-economic solutions and technologies:

▫ To advance socio-economic modelling of cross-sectoral greenhouse gas emissions to 
2050.

▫ To promote cross disciplinary analysis of effective options for behavioural change in 
businesses and households and, for each sector, to identify and assess current and 
future mitigation options including technologies.

▫ To bring together diverse research outputs to form a coherent picture of analysis for 
Ireland and in so doing, to identify green economy and other opportunities from 
international trends in policy and economics.

 Target audiences
• Citizens and general public: effective deep decarbonisation can only be achieved with the 

active understanding, engagement and support of citizens. This particularly relates to the 
appropriate role for (currently speculative) future negative emissions technologies in 
framing current decarbonisation policy. Outreach and communication with citizens is 
therefore an important objective of the communications plan.

• National policy makers: mitigation in accordance with the goals of the Paris Agreement can 
only be effective if it is of the appropriate scale and speed. The availability – or not – of 
negative emissions technology critically affects the design parameters of any effective 
decarbonisation policy. Accordingly, a critical evaluation of the likelihood of large scale 
negative emission technology deployment (and the risks of delayed or inadequate 
deployment) are essential to properly inform Irish national decarbonisation policy as well 
as participation in international processes (specifically in the European Council, and 
UNFCCC).

• Business, industry and agriculture: Many of the actors actively participating in or directly 
affected by decarbonisation, and the potential deployment of negative emissions 
technologies, are in the private sector. The agriculture sector, in particular, will be directly 
involved in any major expansion of indigenous bio-energy supply. Accordingly, both 
decarbonisation and new technology deployment will require large scale private sector 
engagement and mobilisation (both in the form of strategic change within incumbent 
players, and disruption by innovative new entrants). This can happen only with clear 
communication of the scale and urgency of the climate challenge, and of the rationale and 
feasibility of specific policy measures to address negative emissions technology 
development and deployment.

• EPA: Given the overarching role of climate change, and societal response to it, in 
managing all other environmental impacts, it is very important that the EPA have access 
to rigorous, independent, peer reviewed, research on the challenge of understanding and 
addressing the complex risks and opportunities for negative emissions technology.

• National and international research community: This project will allow much stronger Irish 
engagement with, and contribution to, the relevant international research community on 
all aspects of negative emissions technology development.

 
Expected project outputs
• EPA final report
• A 2-page summary report for inclusion on the EPA website
• Academic publications – white papers, conference and journal publications: at least two 

conference presentations, three open-access journal publications; target journals to 
include e.g., Biomass and Bioenergy, Environmental Science & Policy, Energy Policy, 
Technological Forecasting and Social Change, Environmental Research Letters, PLoS One, 
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Administration Journal [IPA].
• Dedicated project website connected to social media: oriented primarily to communicating 

project activities in an accessible and engaged way for general public and relevant 
businesses.

• Liaison and co-ordination with DCU Sustainability Initiative and An Taisce (the National 
Trust for Ireland) Education Unit to facilitate incorporation of project results in broader 
educational outreach activities.

Communication of project activities and outputs
• Communication of project outputs will be primarily through online/digital channels. This 

will be integrated through the project website, and tailored for specific audiences. Blog and 
twitter feeds will be oriented toward general citizens.

• Detailed publications (white papers, open access links for external publications) will be 
oriented toward policy makers and the research community.

• Key project outputs will be presented (oral and/or poster presentations) at relevant 
national and international workshop or conference events.

• At relevant milestones (completion of individual work packages), specific project activities 
will be highlighted in general media releases, and opportunities sought for dissemination in 
popular media.

 
Metrics
• Access and interaction data will be collected, summarised and monitored for all digital 

channels using standard analytics tools. Where appropriate, support will be provided by 
DCU Communications and Marketing Office particularly in promoting media releases etc.

• Where feasible, white paper and journal publication metrics (particularly citation data) will 
be collected and monitored, particularly in the 12 month post project completion phase.

Section D: Project management and project team

Project management
This is a medium scale study which will be led jointly by Professor Barry McMullin of DCU 
Faculty of Engineering and Computing and Prof. Mike Jones of TCD as full co-principal 
investigators (co-PIs). This substantial cross-disciplinary collaboration, integrating basic 
science and engineering expertise is a key feature and strength of the proposed project. 
Prof. McMullin will be overall coordinator, and EPA liaision. Further detailed issues of project 
management, communication and dissemination have been explicitly specified in work 
package WP5.

Project team
Prof. Barry McMullin (co-PI): BE (Electrical Engineering, UCD) 1980; MEngSc (UCD) 1983; 
PhD (Computer Science, UCD) 1993. Prof. McMullin worked in the energy and manufacturing 
industries before joining the School of Electronic Engineering of DCU in 1987. He was 
appointed as full Professor in 2014. He has served in diverse academic roles, including as 
DCU Dean of Teaching and Learning, 1999-2004, and is currently Executive Dean of the 
Faculty of Engineering and Computing. His research has been primarily in the area of cross-
disciplinary complex systems science, particularly the modelling of biological organisation 
and abstractions of evolutionary and ecological processes (including abstract social 
processes). He is a member of the DCU Sustainability Steering Group and the Board of the 
DCU Institute of Ethics, led the incorporation and mainstreaming of ethical and 
environmental awareness into DCU's professional Engineering undergraduate programme, 
and has been responsible for a programme of DCU outreach activities particularly in relation 
to climate science and policy action. Externally to DCU, he serves on a pro bono basis on the 
An Taisce Climate Change Committee. He is affiliated with the DCU Energy and Design Lab 
where he is focussed on systems approaches to deep decarbonisation.
Selected recent relevant publications:
• McMullin, B., The Overshoot Curriculum: Artificial Life, Education and the Human 

Predicament, in Andrews et al. (Eds), Proceedings of the European Conference on Artificial 
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Life 2015;
• Decraene, J. and McMullin, B., The Evolution of complexity in self-maintaining cellular 

information processing networks, Advances In Complex Systems, 14, pp. 55-75, 2011;
• McMullin, B., Architectures for Self-reproduction: Abstractions, Realisations and a Research 

Program, in C. Adami et al, Artificial Life 13 pp. 83–90, MIT Press, 2012;
• McMullin, B. Sensationalist ice-age story may betray covert media agenda, Village 

Magazine, 2013 (Aug).

Prof. Mike Jones (co-PI): BA (Lancaster) PhD (Lancaster), FTCD, MRIA. Professor Jones is 
a plant ecophysiologist and is Emeritus Fellow in Trinity College Dublin and a Member of the 
Royal Irish Academy. He is currently chair of the Royal Irish Academy Climate Change and 
Environmental Sciences Committee.  His main research interest is in the study of climate-
plant interactions and since the 1980’s he has been studying the effects of changing climate, 
and the direct effects of rising CO2 on a range of ecosystems including agricultural and 
natural grasslands and tropical wetlands. In recent years his work has focussed on the 
carbon cycle of the biosphere, greenhouse gas budgets and carbon sequestration. He has 
coordinated several EU Framework Programme Projects as well as EPA and DAFM projects. 
He is currently subject editor of Global Change Biology (IF 6.9) and GCB-Bioenergy (IF 4.7).
Selected recent relevant publications:
• Shrestha S, Abdalla M, Hennessy T, Forristal D, Jones MB (2015) Irish farms under climate 

change – is there a regional variation on farm responses?, Journal of Agricultural Science, 
385 – 398.

• Jones MB, Finnan J, Hodkinson TR (2014) Morphological and physiological traits for higher 
biomass production in perennial rhizomatous grasses grown on marginal land, GCB 
Bioenergy, 7, 375–385.

• Zimmermann, J., Styles, D., Hastings, A., Dauber, J. Jones MB (2014) Assessing the 
impact of within crop heterogeneity ('patchiness') in young Miscanthus x giganteus fields 
on economic feasibility and soil carbon sequestration, Global Change Biology: Bioenergy,6, 
566 – 576. 

• Shrestha S, Hennessy T, Abdalla M, Forristal D, Jones MB (2014) Determining short term 
responses of Irish dairy farms under climate change, German Journal of Agricultural 
Economics, 63, 143 – 155.

• Zimmermann, J., Dondini, M. Jones MB (2013) Assessing the impacts of the establishment 
of Miscanthus on soil organic carbon on two contrasting land-use types in Ireland, 
European Journal of Soil Science, 64, 747 – 756.

• Abdalla M, Osborne B, Lanigan G, Forristal D, Williams M, Smith P, Jones MB (2013) 
Conservation tillage systems: a review of its consequences for greenhouse gas emissions, 
Soil Use and Management, 29, 199–209. 

Research staff: It is proposed that two full-time research staff will be recruited to work 
exclusively on this project over its full two year duration, consisting of one postdoctoral 
researcher located in TCD (PD1), and one research assistant located in DCU (RA1). The 
recruitment requirements and criteria for both researchers will include suitable qualifications 
and prior experience in one or more or: bioenergy science and engineering, climate science 
and policy, energy technologies, and techno-economic systems modelling. Both researchers 
will be expected to have strong and relevant disciplinary qualifications at the applicable level, 
as well as demonstrated communication and team working skills. Specific knowledge of 
negative emissions technology and/or Irish climate policy formulation will be an asset.
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Section E: Budget justification

The proposed budget is €249,760 reflecting the depth and rigour of the intended study.
Personnel: Two research staff will work on the project for the full duration (24 months). 
Prof. Jones and Prof. McMullin will provide leadership and oversight for all work packages, 
guiding and mentoring the research staff. Having the interdisciplinary approach from the 
applied engineering and fundamental science backgrounds of the PIs will greatly benefit the 
researchers and the project progression. The full team will engage proactively in outreach 
and public communication (particularly through the identified digital channels – project 
website, blog, twitter feeds etc.). While the person-month contributions of Prof. Jones and 
McMullin are included in the work package descriptions, for information, the associated 
salary costs will be absorbed by their respective institutions and are excluded from the direct 
personnel costs in the project budget.
Plant, Equipment and Consumables: This medium scale project has no requirement for 
large scale specialist equipment or consumables. The budget includes individual laptops for 
the two research staff with docking stations etc.
Travel and Subsistence: Travel, accommodation and registration costs are included for 
attendance at 2 relevant international conference events each year for greater 
understanding of the international context. Costs are included for attendance at relevant 
national events and policy meetings. In addition, travel and accommodation costs are 
included for hosting two international speakers for the final project dissemination event.
Communications: The communications budget includes communication with stakeholders 
during the project (~3% budget), including promotion materials, journal publication fees, 
and hosting of dissemination events. No hosting costs are charged for online blog or project 
website. Participation in suitable national conferences is included for disseminating project 
outcomes in, for example, the Energy Ireland conference etc. Approximately 2% of budget 
will be used for post completion dissemination which includes follow-on open access journal 
publication fees etc.
Overhead: 30% Overhead for eligible items has been included, per EPA guidelines.

Section F: Policy compliance

Research at DCU and TCD is carried out in accordance with all applicable policies. Through 
the Irish Universities’ Association (IUA) both DCU and TCD have endorsed the principles of 
Ireland’s National Policy on Research Integrity, and have integrated these principles into their 
respective internal codes of research practice. DCU and TCD will comply with EPA policies on 
Open Data and Open Access. The project will follow and comply with all applicable 
institutional rules, policies and regulations on: Health and Safety, Quality, Environmental 
Protection and Employment Equality.

Section G: References
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Reference-2
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PERT CHART: Outline of Organisation and Work Plan

WP5 
Project Management

Kick-off Meeting

WP2
Modelling of bioenergy 

resource potential in Ireland

WP1
Comprehensive Negative Emissions 

Technology Literature Review

WP3
Life Cycle Assessment (LCA) of GHG 

emissions and Techno-economic
Analysis of bioenergy production in Ireland

WP4
Modelling of the role of negative 
emissions technologies in deep 

decarbonisation pathways for the Irish 
energy system, including long term 

infrastructure constraints and 
requirements

Full Final Report and 
recommendations 
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GANTT CHART: Project Milestones and Timetable

WP Description 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

WP1 Comprehensive Negative Emissions Technology Literature 
Review

WP2 Modelling of bioenergy resource potential in Ireland

WP3 Life Cycle Assessment (LCA) of GHG emissions and 
Techno-economic Analysis of bioenergy production in 
Ireland

WP4 Modelling of the role of NETs in deep decarbonisation 
pathways for the Irish energy system, infrastructure 
constraints and requirements

WP5 Project Management, Communications and Dissemination

Deliverables and Milestones

WP1 Comprehensive literature review

WP1 Summary critical review

WP2 Productivity map

WP3 Report on comparisons of LCAs for PRGs and SRF in 
Ireland

WP3 Outputs from TEAs at M24

WP4 Comprehensive report

WP4 Presentation at appropriate national/international 
conference

WP4 Open access journal article summarizing methodology 
and results

WP5 Technical progress reports

WP5 Project website, social media

WP5 Final Report

WP5 Financial report

WP5 Coordination meetings

WP5 Dissemination events


