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Abstract

The purpose of this manual is to provide some tips or standard operation procedures for
new entrants of science and technology policy researchers how to better operate the intelligence
collection process related to science and technology research information and the subsequent

analysis process to ensure better decision support system.

Cases from sustainability and energy fields are shown as examples, demonstrating the stan-
dard operation procedures about how to draft the analysis documents and showing the results via
proper visualization formats. Totally, 14 topics are summarized from the framework analysis of
research reports form internatonal and domestic think tanks, and the corresponded standard op-

eration procedures are shown in this mamual.

In addition to the aforementioned target readers, the manual is also aimed for shaping the
digital transformation process of Science and Technology Policy Research and Information Cen-
ter, by substituting some repetitive process frequently occurred and operated by the rseachers
during decision support process, to enhance the research infrastructure service improvement and

to promote efficient information system construction.

Keywords: sustainability and energy, science and technology policy, standard operation

procedure
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2. Reaching zero with renewables-eliminating CO2 emissions from industry and
transport in line with the 1.5° C climate goal
K4R 2 EBIATE LR K AT
(1) £24%F
@ F it
@ PE MR e
VAR T 2 P G 2 R R (W2-1)
V R & B iﬂ’fm?‘/‘kﬂfi ( B 2-2)
@ i ¥ EHIP R R

Energy and process-related CO, emissions (Gt/year) fg;rgy a)nd process-related CO, emissions
‘year)

Baseline Energy Scenario
46.5 Gt

40 Planned Energy Scenario
(incl. NDCs)

Transport

Buildings

20 s - Buildings

Transforming Energy Scenario
10.4 Gt

Deeper Decarbonisation

Perspective
N octeosoy __ _ _ __ O
2010 2015 2020 2025 2030 2035 2040 2045 2050
@ Reduced demand @) Direct use of clean, @ Direct use of @ Indirect use of clean @ Use of carbon dioxide
and improved energy predominantly renewable heat and electricity via synthetic removal measures
efficiency renewable, electricity biomass fuels & feedstocks
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-0 Gt
-261 Gt
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TES to DDP 2%
10.4 Gt
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(net zero) . 26% —
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-46.5 Gt
BES to DDP
a6 a 36 3 26 21 16 n 6 10

@ Reduced demand and improved energy efficiency

Direct use of clean electricity - with electricity predominantly produced from renewable sources
@ Direct use of renewable heat and biomass - including solar thermal, geothermal, biofuels & bio-feedstocks
@ Indirect use of clean electricity via synthetic fuels & feedstocks - predominantly using renewable electricity

@ Use of carbon dioxide removal measures - including carbon capture, utilisation and storage (CCUS)
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TABLE 2: INDUSTRY SECTOR ENERGY DEMAND, EMISSIONS AND RENEWABLE ENERGY SHARE
2050 - 2050 - Progress Additional
2017 Planned | Transforming made in CO, progress needed
Energy Energy reduction from in CO, reduction
Scenario Scenario 2017 to TES from TES to zero
Energy (EJ/year) 157 246 190
Ind U-'-"Y 6.7 Gt/yr reduction 3.7 Gt/fyr reduction
- | ; A
|D|ﬂ| CO, emissions (Gt/year) 10.4 n4 37 (64% of 2017 total) (36% of 2017 total)
Renewable energy share? (%) % 20% 52%
Energy (EJ/year)® 32 27 36
Iron and 28 GtA I i
o " X yr reduction 0.3 Gt/yr reduction
steel ) Gl (T - =] L (90% of 2017 total)  (10% of 2017 total)
Renewable energy share? (%) 4% 12% 55%
Energy (EJ/year) 46.8 79.8 53.4
CHemiouIs CO, emissions (Gt/year) 17 25 1.0
0.7 Gt/yr reduction 1.0 Gt/yr reduction
and petro- (41% of 2017 total)  (59% of 2017 total)
chemicals Renewable energy share? (%) 3% 2% 20%
Energy (EJ/year) 15.6 133 103
Cement 19 Gt/ i i
. . yr reduction 0.6 Gt/yr reduction
and lime ERLCTEIEEED S e 2 (75%of 2017 total)  (25% of 2017 total)
Renewable energy share? (%) 6% 20% 56%
Energy (EJ/year) 45 58 4.0
0.01Gtjyr
Aluminium €O, emissions (Gt/year) 0.4 06 04 reduction (2% of 0.4 Gt/yr reduction
(98% of 2017 total)
2017 total)
Renewable energy share? (%) 16% 38% 60%

Bl % %k : IRENA(2020) -

V FTAELSAT (Aol s kiR )
QBN (R ARKE Y E  REE AEMED FRE
(4% B)
i & & gk i iE 7 (Main decarbonization options)
% & JF L (Key insights)
%A F A RS Ry
BEFTAET 0 AR RS (L) IR SRR T
B ART 1 b (] 2-4)

L 2R 2R 2R 4
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Estimated role of key CO, emission reduction measures to reduce Steel Planned Energy Scenario emissions to zero

‘ z 9 Gt @ Direct use of renewable heat and biomass
n

@ Indirect use of clean electricity via synthetic fuels & feedstocks
H @ Use of carbon dioxide removal measures

Source: IRENA analysis

0 Reduced demand and improved energy efficiency

@ Direct use of clean electricity

248 XAET o 3 BAH (5 30) S0 AT SRR B R 7 T pren
OEES1Y
Bl & %Xk : IRENA(2020) -

O LUFTAET AR RRGE () DFEEEFS R (G
CO2) &8 4 = & (§/t CO2)( B 2-5)

Iron and steel

300 @ Reduced demand
and improved energy
efficiency

@ Direct electrification
- predominantly with
renewables

@ Direct use of
renewables - including
biocenergy, biofuels &
bio-feedstocks

@ Indirect electrification
with hydrogen and
synfuels

@ Use of carbon capture,
utilisation and/or
storage

Gtco,

B2-58FTAET > 7k BAES (* ) PR ES FREBEFES 25270
B ¥ %R IRENA(2020) -
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"ﬁfi\ﬁ% FERER B 4 %
« R '”%%f% * 2 HlARILE & B R &&*)
VOETAEE S RROEA

O EFEP (Y KPP FEEL)
L R EGEE RS

A~

B/ R

et M E (BT & G MAETIZ M &4

P L g (R 2-7)
L
*E‘]% N B2 %3—}417 ﬁzg( B 2- 8)
BT
Ofp'lffrsf WERGER2ZLE (R 29
= o Ke o s N e W
@ ZER VA TR (EHB)
Sustainable
Austria Steelmaking Voestalpine, Montanuniversitat, Ongoing
(SuSteel), part of KI1-MET
H2Future project
Germany H_ Hamburg ArcelorMittal, Midrex Ongoing
Salzgitter Low Salzgitter, Fraunhofer Institute,
Germany CO, Steelmaking Avacon, Linde, Tenova Ongoing
(SALCOS)
Hydrogen Ongoing
Breakthrough (began test
Sweden Ironmaking SSAB, LKAB, Vattenfall operations in
Technology (HYBRIT) September
2020)
American lron and Steel Institute,
Novel Flash University of Utah, Berry Metal Research
us Ironmaking Company, ArcelorMittal, the Timken completed
Company, United States Steel
Corporation
European Union 47 partners including all major Research
15 European (EU)-funded ULCOS stakeholders from the steel industry, completed
countries (Ultra-Low Carbon research institutes and universities (phase 1)
dioxide Steelmaking) European Commission, led by
programme ArcelorMittal
v = e 2. > _L AN > J_ ? S
B 2-6 & B t37iE 70 4 P E (MR35 o Ml
e : o2 N , NS LIRS
) St (kS b))

S B
CERS

IRENA(2020)
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[Proportion of CO,
avoided

fixed var  total

USD per (Mt clinker per yr)

ECRA 2017 Oxyfuel full no 0.8 424 28 35 63
IEA 2013 MEA (NGCC) yes. 075 269 3 38 n
IEA 2013 MEA (NGCC) no 0.75 482 33 38 n
IEA 2013 Oxyfuel full yes 0.9 n3 28 43 n
IEA 2013 Oxyfuel full no 0.9 318 28 43 70
IEA 2013 Oxyfuel yes 0.65 93 26 42 70

partial
IEA 2013 Oxyfuel no 0.65 301 26 41 67
partial
Nwaoha 2018 MEA yes 0.87 104 5 30 35
Advanced
Nwaoha 2018 Amine (AMP- yes 0.87 91 5 24 29
PZ-MEA)
Advanced
Cormos 2017 Amine no 0.82 674 39 43 81
(MDEA)
Cormos 2017 Calcium no 0.84 554 34 35 68
Looping

Note: CAPEX = capital expenditure, OPEX = operational expenditure, NGCC = natural gas combined cycle,
MEA = monoethanol amine , MDEA = methyl diethanolamine.
Source: Cormos and Cormos, 2017; ECRA, 2017; IEA, ECRA, IEAGHG, 2013; Nwaoha et al,, 2018

i

Bl 27 7 I B che Aoc s L (kR £ S b))

B % %k 1 IRENA(2020) «

FIGURE 42: Volumetric and gravimetric densities of potential transport fuels

Heavy fuel oil
®
netic biod .Dlese‘.Kerusene
= Synthetic biodiesel
§ (FAME) Sl Petrol(octane)
=<
@
5
2 DME it
=z ® @ Ethanol
€
5
g @ Methanol
>
2
2 ® Ammonia (liquid)
w @ Methane (250 ban)
® Hydrogen (700 bar)
@ Li-batt (NMC)
Energy per unit mass (kWh/kg)

Note: The values take into account typical tank weights. KWh/| = kilowatt-hour per litre, SPK = synthetic paraffinic kerosene,
Li-batt (NMC) = Iithium nickel manganese cobalt oxide battery, LPG = liquid petroleum gas, DME = dimethyl ether, FAME = fatty
acid methyl esters.

Source: Royal Society, 2019

R2-8 2 HFifgmmz gl (wiEtFEnE vsECHAELE) ST HR

Bl %R : IRENA(2020) -
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P

FIGURE 11: Renewable hydrogen-based DRI-EAF route piloted in Sweden compared to the conventional BF-BOF route

BLAST FURNACE ROUTE . HYBRIT ROUTE

co, Iron oro concentrata
— esses ﬁ—/PELLETISIN seses
coal Iron ore Iron ore
N Pallts Pollats
COKE PLANT =
Hydrogen
& water
5 B ELECTRICITY
2 N J’
IRONMAKING HYDROGEN
PLANT
HYDROGEN
Hydrogen TR
lum METAL STEELMAKING  SPONGE IRON
& scrap

CRUDESTEEL =] =] Im==)

Source: HYBRIT, n.d.

B2 lsrE e %t EMAP B2 23R
Bl ¥ %k : IRENA(2020) -

(3) AW BRI
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TABLE 20: THE EMISSION REDUCTIONS TECHNOLOGIES AND PROCESSES THAT COULD REDUCE EMISSIONS TO ZERD OR
NEAR-ZERO IN KEY INDUSTRIAL SECTORS AND THE EARLY ACTIONS NEEDED IN EACH SECTOR

@ Iron and steel

2 opfions
compatible with
reaching zero

B 2-10 & 3 £ P B B850~ BAGFH %
Bl & %A : IRENA(2020) -
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Table 1: IPC Green Inventory topics and sub-topics related to energy innovation™

Topic Sub-topics
Alternative Energy Bio-fuels
Production Integrated gasification combined cycle (IGCC)
Fuel cells

Pyrolysis or gasification of biomass

Harnessing energy from manmade waste

Hydro energy

Ocean thermal energy conversion (OTEC)

Wind energy

Solar energy

Geothermal energy

Other production or use of heat, not derived from combustion, e.g.
natural heat

Using waste heat

Devices for producing mechanical power from muscle energy

Transportation Vehicles in general (e.g. hybrid vehicles, electric propulsion)
Vehicles other than rail vehicles
Rail vehicles

Marine vessel propulsion

Cosmonautic vehicles using solar energy

Energy conservation Storage of electrical energy

Power supply circuitry

Measurement of electricity consumption

Storage of thermal energy

Low energy lighting

Themal building insulation, in general

Recovering mechanical energy

MNuclear power generation | Nuclear engineering (e.g. Fusion reactors, nuclear fission reactors,
nuclear power plants)

Gas turbine power plants using heat source of nuclear origin

Source: WIPO IPC Green Inventory
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