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Introduction

Aim: design zero greenhouse gas emission energy systems with a focus on heat
How will climate change (+2 +5 +? oC) impact on demands for heat and cool?
Testwhether designs work in engineering terms, and determine costs

Nine systemsare designed with different:

A building efficiencies
A shares of heatingvith consumer heat pumps, district heating and electrolytic hydrogen

A capacitiesof renewables, stores and interconnectors
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Design overview
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UK climate projection for late 2F' century

UKCP18 National Climate ProjectioMdetOffice, 2018
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Consequences for comfort, heating Variability in rainfall is increasing
and cooling and renewables? What impact on hydro, biomass etc?
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Designing low emission energy systems
for a changed climate

How might multrvector, dynamic energy systems integrate at different
spatial and temporal scales?
How can we model these complex, fractal systems?

Scales
A Building to city to national to international

A Domestic, services, industry, transport BaSiEEEE
Energy sources

A Renewable

A Nuclear

A Fossil

Vectors

A Primary chemical: fossil, biomass
A{SO2yRINE OKSYAOI!I
A Electricity

A Heat
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Achieving zero or negative global warming

Renewable wind and solar are low impact reversible technologies, but a range of zero GHG technologies and
processes need research into impacts.

Energy system designs use no fossil fuels so no GHG from these, but still:
A Global warming from aviation high altitude water and NOx
A Possible emissions and global warming from iron, cement, agriculture, land use chaeige etc

Aviation
A UK waste biomass has about enough carbon to synthesise about 50% of aviation fuel

A Use carbon capture to provide additional carbon for kerosene synthesis with Fisopscl?

Or use carbon capture and sequestration to balance the above?

Negative emissions
DACDirect air capture of

High impact biomassompetes with food, high CO2 from atmosphere
unproven, costly, chemical

Impact, uncertainty of productivity with climate inputs, water use, but best?
change ' ' :

A Forests, soil etc.

A BECCBiomass combusted and CO2 or char

7 || buried/sequestered
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Screening of primary supply

A Fossiffuels produce greenhouse gas and are excluded

A Renewablesolar and wind resources are very large; biomass, hydro, geothermal etc. are limited
A New nuclear is excludeteyond committed build for reasons including waste, cost and generic risk
A Biomasss restricted to waste and reserved to synthdgsosene substituteor long range aircraft.

Renewables

Wind On
Wind Off
Biowaste
Tidal flow

Solar

~ (Hydro dam

© [Hydro river
o [Tidal dam

Climate change mitigation

o o |Biocrop

Air pollution
Ecosystem

Land use

Visual

Chemical

Water

Nuclear waste/risk

Potential impact outside UK

Use of global resources
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Non GHG impacts of zero GHG systems

Need a comprehensive review of non GHG impacts; life cycle production, operation,
decommissioning

Air pollution emission (anthropogenic)

A PM from vehicle (BEVSs, trains/trams) tyre/wheel, brake, resuspension. Ammonia during
production, storage and use in ships

A Industry, agriculture, waste processes

A Biomasg; cultivation, processing and use

A Indoor air pollution- indoor combustion appliances

Other impacts

Heat pump fluidg can be zero GWP

Hydrogen from electrolysiswater, chemicals

Direct Air Capture chemicals, water

Biowaste processingmethane, etc

Battery production and disposal

Solar PVYland use

Wind onshoreg bird strike, land use and visual amenity
Wind offshore- ?

Nuclearc risk, waste

9 | \ EnergySpaceTime
| —

Too Joo T To To Do o T I




UCL Energy Institute dh

Resources and technology scope

The overall aim is net zero GHG emission. Fossil fuels, even with CCS, produce GHG and so these are exclt
Negative emissions can be achieved with processes such as DACS, BECCS and afforestation. However, the
either unproven in technical, commercial and environmental terms, or constrained. Furthermore, carbon from
such sources will be required for producing synthetic kerosene as there is no current substitute fuel for long
range aircraft. So negative emissions are not included in the modelling here.

Primary sources with near zero operational emissions include most renewables and nuclear. The embedded
GHG incurred in technology construction and installation are assumed to reduce to zero with industrial
decarbonisation. Biomass is assumed to be constrained and generally reserved for carbon based fuels such
kerosene. Hydro is also constrained. It is assumed the resources of wind and solar are sufficient for any feas
demand.

There are many resources and technologies and combinations thereof for producing heat services. There are
innumerable types and combinations of technologies; these commonly proposed options are currently

excluded:
Vector Comment
Biomass Resened for aviation
Geothermal Constrained
Rewersible heat pumps Cooling model incomplete
Consumer ground/water sourced heat pump Cost
Solar heating Cost
Hybrid hydrogen/heat pump Cost?
10 Ener acelTime
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Designing zero emission systems

Energy services
kinetic, equipment,
light, heat, cool...

To meet variable energy service demands

with variable or inflexible low emission Efficiency
energy sources tpwe design with these g‘;&:gﬁg:s
components: vehicles. . Storagecapacities
electricity, heat,
.. hydrogen, ammonia,
A EmC'enCy . . A biomass...
A Intermediate conversion Optimum design y
A Primary supply mix Conversion ~q
A Storage mix heat pumps, A D
A boilers, CHP, Interconnector
Interconnectors to average electrolysers... capacities

Primary
wind on/offshore,
solar, hydro,
geothermal
nuclear...

demands/supplies

11
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Some modelling questions

1. How will hourly demands and renewables vary?

2. Which generation, storage and transmission
technologies will be included?

3. What temporal and spatial resolutions are
required for accuracy?

4. How will the system be controlled hour by hour?

| 2 | \ EnergySpaceTime
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Design procedure

A. Demand assumptions for each European country

. /2T fF0S op €SIENBQ KAAUZNRAOIE YSOS2!
C. Aggregate to mulregional scope; e.g. UK + 4 NSEW European regions

D. Technology screening

lterate

1. Design system using manual and ancillary optimisation

2. Simulate hourly operation of system
3. Calculate costs

| ; | \ EnergySpacelime
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Model
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Varying demands and generatien
storage, transmission

Day 351 Day 352 Day 353

Storage TWh

1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69

StoBEV_GWh DHeStoHea_GWhth StoH2_GWhch = StoAmm_GWhch
[StoEle_GWh =DemHea_GWth  ===DelEle_GW w==ConEle_GW
SupEle_GW = RenUnc_GW
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Meteorology

A Decades of MERRA global hourly data at 0.5 degree
Lat/Lon resolution available

A Data collated for Europe 35 years 1982015

A Data usedtemperature, wind, solar

A Temperature and solaweighted by population
distribution for demand and solar PV modelling

A Wind speedsat wind farm locations for generation
modelling

This data collation and modelling by Dr Ed Sharp
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ESTIMO z Energy SpaceTime Integrated Model Optimiser

. : . : History Scenario
ESTIMO is a national/international scale Meterology Meteorology
dynamic model. Demand —» Demand
Supply Supply
For each hour and each European region,
ESTIMO concurrently simulates ¢
A Service demanddriven by social activity and | » Simulation
weather .
Decision _l
A Renewable and nuclearzero emission supplies variables Results
Demand Energy flows
A Intermediateenergy conversion Supply Costs
Storage Emissions
A Storageflows and levels Transmission J
A Tradebetween GBR and European regions OptimisItion T ESTIM%pg'E?'SSi%%?en «—
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A national energy system

CONTROL SYSTEM: Human / Information technology

[ Sensors |m===3 Process |« == Actuators |
A T
7N

SYSTEM C30D70HO

23:01:01:2010 National border

é_—

A national energy system

comprises four basic parts:

A Demands

A Intermediate conversion,
storage and transmission

A Primary and trade

A A control system

3

e Biomass

~ Other |

WindCn
WindOff

ESTIMO models the energy flows
hourly @cross the days, months
and yearsps driven by social
activities and meteorology.

ESTIMO dynamically controls the
intermediate system, storage and

Refinery _\;7 Oil
trade
| § J
Demands Intermediate transmission, conversion, storage Primary & T
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=STIMOC electricity system integration
(simulation hourly for one month)

Demand, supply, storage, import/export flows are different in GBR and FRA because of local
time difference and weather.
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ESTIMO z interconnector network topology

How to achieve the best balance between computability and accuracy?

LYAGAFEE@  adlF N F2NXYIFGA2y Aa OK2aSyy | @&SIFNRa K
Realistic Simplification, unrealistic but engineering feasible
Requires hourly optimisation Computation increasdiearlywith N of nodes

Computation increases neimearly with N of nodes Can inform real time dynamic markets

LEGEND
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====>

Latitude

Demand

Latitude

Dispatch

|

Transmission link Longitude==> Longitude==>
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ESTIMO ¢ systemcontrol algorithm

TheGlobal Optimal Dispatch (GOD) algorithmESTIMO operates the system so as to
minimise fossil fuel use. The algorithm is an engineering proof of conceptioraamic
energy market

The basic algorithm comprises three phases:

A. Each node try to meet demand locally and store any surplus

Calculate demands, and uncontrollable (no storage) renewable and inflexible nuclear generation
Try to meet all demands with uncontrollable generation, and then stores

Try to absorb surplus with stores

wn e

. All nodes: trade surpluses and deficits via transmission
From nodes with surplus uncontrollable to nodes with deficits
From nodes with surplus storage to nodes with deficits
From nodes with surplus uncontrollable to nodes with spare storage capacity

wnN =

. Each nodeuse stored fuel if still remaining demand
If remaining electricity demand and spare heat storage, run DH CHP using electrofuel/biofuel/natural gas
If remaining heat demand run DH CHP, store surplus electricity if possible
If remaining heat demand run DH natural gas boilers
If remaining electricity demand run dispatchable electricity only plant using natural gas

PP O

22
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Interconnector trade

ESTIMO concurrently simulates:

Energy systems at each node with different simultaneous:

A Demands because of local weather and time zone
differences

A Renewable supply because of local meteorology

Interconnector transmissiortirade of renewable surpluses
and deficits at different nodes, this can greatly reduce
storage need.
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