TV EN ES W

LRV E T REL

LIPERAGRE T F 2 & PR E TR
Reduction of energy consumption and carbon emission

achieved by efficiency improvement in respective sectors

3+ 4 %% : 1012001INER054
REFBMOE)  MEZAIAPFTERALE
FEIFL AR B BlRE
BT 3 1 (06) 2757575 ext. 65838
E-mail address : fuku@mail.ncku.edu.tw
PR E L B AT MBS

4 p#p:101#12% 10 P



Table of Contents

TABLE OF CONTENTS ....ooovvorrrrrrirsssssssssmiiseesssssssssseneeesssss e 1
TABLE INDEX .....oocvocvvveeveneeneeeessesssssssssssssssssssssssssssesesssss s X
ABSTRACT w..ciiiiieeeessssssssssesess s XI
B R oo X1
MEMBERS ....oooovvrrrresessesssssssiisssssssssssssssessssss s XV
EXECUTIVE SUMMARY OF PROJECT CHECKPOINTS......XVI
CHAPTER 1 INTRODUCTION.......ooovvvvvvvevnnvnnnenessssssssssssssssninnnee 1

1.1 USE OF ROADMAPPING FOR MAKING IMPORTANT, SOCIETY-WIDE

DECISIONS ..ttteiutieetee ettt ettt ettt ettt e st et e e be e b e e sbb e e s aee e s st e e enbeeeneeenes 1
1.2 OBUIECTIVE .tiiiiiiiiiieitie ettt sttt sttt ne e 2
CHAPTER 2 METHODOLOGY ... 4
2.1 SCENARIOS IN FUEL PRODUCTION SECTORS ..c.vvveviiiesrieesreranieeenenes 11
2.1.1 Production facilities and trade strategies.............c.ccoeeveenee. 11
2.1.2 Alternative fuels SCENArI0.........ccccevieireereesee e 12
FP-1 Bioethanol promotion...........cccocvvviieiieeie e, 13
FP-2 Biodiesel promotion ...........cccoceveeiinieninieneene e 13

2.2 SCENARIOS IN ENERGY CONSUMPTION SECTORS ....cevuvverireaineenene 14
2.2.1  Transportation SCENAIIOS .........ccccvererruereeriesie s sieeie e 14
TR-1 Electric Vehicles (EVS)....ccocovviiiieiienie e 14
TR-2 Fuel 8CONOMY CAIS......cccvieiieeciiecie et 23
2.2.2  Total consumMption SCENAIIOS. .......ccvviveerieerieenieenieeeieeeeeees 28



TC-1: LIfEStYIe e 28

2.2.3 Industrial technologies...........ccccoeviviieeiiciic e 33
ID-1 Heat pump DOIIEr ... 33
ID-2 Fuel Cell DOIIET ..o 34

2.2.4 Domestic & Office Technologies..........cccccovvvvieiiviieeninene. 36
..................................................................................................... 37
DO-1 Air conditioning replacement..........cccocceevvevvenieniesiesnns 38
DO-2 Heat pump DOIler..........cooviiieieccecee e 42

2.3 SCENARIOS IN ENERGY CONVERSION SECTOR ...ccvvveinieraieeaseneenenes 43

2.3.1 Capacity renewal & Upgrading.........cccccoeevvevveiineiiinenieene. 43
EC-1 Enhancement, replacement, and retirement....................... 43
EC-2 Efficiency improvement .........cccocceevveveeiieeie s 53

P |V, (] ) TR 54

2.4.1 Simulating future electric power supply structure.............. 54

2.4.2  Simulating future fuel supply structure.......c...cccoccvvvvernnnee. 57
CaliDration ........cooiiiee e 62
GHG CalCUIAtioN......ccviiiecieee e 63

2.4.3 Simulating future power demand from the scenarios ......... 65
Creating raw future 10ading CUIVES.........ccoceveerenenice e 65
Consideration of energy consumption technology scenarios .....65
Consideration of load balancing technology scenarios............... 66

CHAPTER 3 RESULT AND DISCUSSION ..o, 71
3.1 SITUATION WITHOUT EV PROMOTION .....oeiiiiiiiiieiieeiiee e 71
3.1.1 Results from POM ..o 71



3.1.2 Results from COM-PEtro........ccoeeeeeeeeeeeeeeeeeeeeeeeeeeee 71

3.2 SITUATION WITH EV PROMOTION ..ccvvviiiieeiee et e e e e e e eenin e 12
3.2.1 ReSults from PDPM......cooooeeeee e 72
3.2.2 ReSUILS FTOM POM ....oooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees 72
3.2.3 Results from COM-PEtro.........oeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 73

3.3 DISCUSSIONS ....ceeetee e ettt e e ettt e e et e e e e e e e e e ear e e e e eeraeeeeeennneens 73

CHAPTER 4 LONG-TERMVISIONS ..., 84
CHAPTER 5 CONCLUSION. ..ottt 89
CHAPTER 6 REFERENCE ...ttt 90

APPENDIX 1 - INTERVIEW RECORD (HEAT PUMP BOILER) 93

APPENDIX 2 - INTERVIEW RECORD (HEAT PUMP BOILER)-2



Figure Index

Figure 1-1 Structure and boundary definition of energy technology
roadmap from Japanese study[9] ........ccccvvvviviiieviicciee e 3
Figure 2-1 Scope of the technologies (in oval), and the constructed tools
(in hexagon) and relationship among them .............cccccooeeiee, 7
Figure 2-2 Electricity saving caused by energy efficiency improvement
does not reduce the average greenhouse gases calculated for
current power supply. POM simulates power mix from the load
curves after implementing the energy efficiency improvement. 8
Figure 2-3 Reduction in consumption of petrochemical products do not
reduce the greenhouse gases emission allocated based on the
current production. This is because the proportion of the
products is different from the original as a result of applying
adjustment processes, consuming energy. Hydrocracking (HC)
Is an example of such process, producing part of gasoline from
fuel (heavy) oil. Reduction in gasoline consumption can result
in less use of HC, thus increase in energy efficiency of the entire
process, thus reducing the emission inventories of all the
petrochemical Products. .........ccocevvienicin s 9
Figure 2-4 Patterns of state of charge of EV over 24 hours (Image)..... 10
Figure 2-5 Taiwan’s Roadmap for bioethanol introduction [10] ........... 13
Figure 2-6 A well-to-wheel energy efficiency of EVS[11].........c.ccuee. 17
Figure 2-7 Criteria of EVs being more energy efficient compared to

ICEV. 17



Figure 2-8 Roadmap for electric vehicles introduction by Taiwan’s
gOVErNMENT[LL] ...ooeiieiie e 19

Figure 2-9 Number of EVs’ used calculated according to the government

roadmap (assuming average lifetime of EVs =7 years)........... 19
Figure 2-10 Predicted number of cars in use, 2010-2030...................... 24
Figure 2-11 Predicted number of new cars, 2010-2030.........c.cccceeveee. 25

Figure 2-12 Predicted number of new cars sold during 2010-2030....... 27
Figure 2-13 Breakdown of simulated number of cars, 1990-2030......... 28
Figure 2-14 A symmetric projection of future hourly load curve in a year,
using example of projection of 2020 from the data of 2011.....30
Figure 2-15 8 characteristic hourly patterns of power load in Taiwan (a),
and its coverage range for (b) [peak day, weekdays] and (c)
[weekends, chinese New Year]. .....ccccocvevveviieiiieie e 31
Figure 2-16 Hourly load curves from 2011 and the simulated curves in
2020 aNd 2030, ....cecieeiiecie s 32
Figure 2-17 Heat pump Coefficient Of Performance (COP) for various
indoor and outdoor teMPEratures. .........ccccevvveevvereeneeseeseeseens 38
Figure 2-18 Lifetime distribution of air conditioners in Taiwan............ 40

Figure 2-19 Calculation procedure of air conditioners in use which is

SOl IN @ CEItAIN YEAI. ..ocvveveieeeiieeie et 40
Figure 2-20 Air conditioners in use in 2006............ccoocevveiereenenieeniennn 41
Figure 2-21 Simulated number of air conditioners in use in 2030 ........ 41

Figure 2-22 Capacity change scenario for IPP generators (left) and Wind
and PV systems (right) 2010-2020. ........cccceveereenienieenieenieenee 45

Figure 2-23 Capacity change scenario for Taipower generators,
Vi



2010-2020. .....veieeieeeeeee e 46
Figure 2-24 Monthly capacity factor (left) and seasonal power
generation pattern of PV systems in Taiwan.............ccccocceeeunenn 48
Figure 2-25 Monthly capacity factor (left) and seasonal power
generation pattern of Wind power systems in Taiwan.............. 50
Figure 2-26 Monthly capacity factor of Independent Power Producers in
Taiwan (Coal, LNG, and Cogeneration from the top). ............. 51
Figure 2-27 Seasonal power generation pattern of Independent Power

Producers in Taiwan. Top: Coal, Middle: LNG, Bottom:

(Of0To =T T=] U1 o] o TSR 52
Figure 2-28 Simulated situation for peak day in 2011 (POM)............... 55
Figure 2-29 Actual situation for peak day in 2011.........c.ccccoevvvevvennnen. 55

Figure 2-30 Simulated (left) and actual (right) electricity generation in

2011 e e 56
Figure 2-31 Typical petroleum refinery in CPC........ccccoeviviivicecieenne, 60
Figure 2-32 Typical petroleum refinery in FPCC ..., 60

Figure 2-33 The structure of the consequential material flow model for
petrochemical INAUSLIY ........cooviii i 61

Figure 2-34 Errors of simulated productivity before (in blue) and after
(in red) calibration. P: Petroleum, LPG: liquefied petroleum gas,
a: benzene import, b: toluene import c: xylene import, d:
ethylene import, e: propylene import, f: butadiene import....... 62

Figure 2-35 Comparison of GHG emission reduction estimation for
reduction of production of individual petrochemical products.

Our model (upper) and conventional LCA result (lower). TL:
vii



toluene, BZ: benzene, K: kerosene, XY: xylene, B: butadiene,
LPG: liquefied petroleum gas, D: diesel oil, FO: fuel olil, E:
Ethylene, GO: gasoling Ol ...........cccceveeviiiiiiiiecee e 64
Figure 2-36 Power demand structure in a household. (Taken from
http://www.energy.kyoto-u.ac.jp/english/professional/socio/ener
gy_and_environment.html)[22] .......ccccooveviiiieiii e, 66
Figure 2-37 The integration of renewables, EVs and smart grid............ 67
Figure 3-1 Simulated power generation structure in 2020 (without
bioethanol promotion, with Wind and PV promotion).............. 75
Figure 3-2 Hourly schedule of an electric vehicle on a summer weekday
(Destination: COMPANY) .......cccveieeiierieseeeieerieesee e e seeseens 76
Figure 3-3 Hourly schedule of an electric vehicle on a summer weekend
(Destination: Mall) .........ccooviiiiieerere e 77
Figure 3-4 Hourly power load curves without load balancing by EVs
(left), with load balancing achieved through infrastructures
installed everywhere (center), and with load balancing only via
discharging at home (right) .........cccoeviieiiieicce e 78
Figure 3-5 Power plant operation in the eight POM-seasons (green:
middle, orange: summer, blue: winter) for GCC, Nuclear and
Coal. Shadowed portion occurs in the weekend. The small red
portion is the sum of chinese new year holidays and summer
peak day. Operation of gas combined cycles and coal fired
power plants have increased as a result of EVs introduction
(middle and right bars for with and without complete

infrastructure, respectively) compared to the control case (left
viii



most bar, without EV introduction). .........c.ccceveveviiiiniinniiennnn 79
Figure 3-6 Power plant operation in the eight POM-seasons (green:
middle, orange: summer, blue: winter) for Oil, LNG and
Hydro-Pump. Shadowed portion occurs in the weekend. The
small red portion is the sum of chinese new year holidays and
summer peak day. Oil and LNG increases slightly, while use of
hydro-pump is slightly decreased. ..........ccccooveiieeiiic e, 80
Figure 3-7 Outputs from COM-Petro: EV introduction with complete
INFFASIIUCTUNE ...t 81
Figure 3-8 Outputs from COM-Petro: EV introduction without
discharging infrastructure outside...........c.ccccoevveiviieeiiecviee e, 82
Figure 3-9 Summary of changes in GHG emission calculated using the
Proposed frameWOIK. ........cccvviviieeiierie e 83
Figure 4-1 Population projection till 2050............ccccoveviieviieiiie e, 86
Figure 4-2 Projection of electric energy demand (blue: Taipower
scenario extrapolated to 2050, red: NCKUESEL).................... 86
Figure 4-3 Projection of electric energy demand per capita (lower) and
the growth rate of electric energy demand per capita (upper)
(blue: Taipower scenario extrapolated to 2050, red:

NCKUESEL) ..ottt 87



Table Index

Table 2-1 Summary of alternative fuel scenarios.............cccccevevveiiinnnnnn, 12
Table 2-2 Number of EVs in baseline scenario..........ccccoecvevvvicieiiinnnnnn, 20
Table 2-3 Number of EVs in conservatively interpreted scenario ......... 20
Table 2-4 Number of EVs in various locations in each season.............. 22

Table 2-5 A scenario on fraction of vehicles in 2010, 2020 and 2030.
Values on BEV row are based on the government EV roadmap,
conservatively interpreted, introduced in Table 2-4. Values on
2010 are based on recorded values. Values in bold italic are the
SCENAITO PAFAMELEIS. ...cveeivie ettt sre e 27

Table 2-6 Loading projection down t0 2030 .........ccceeveeevieevieeviee e, 29

Table 2-7 Contribution of electric home appliances in the household
energy CoNSUMPLion [16]......ccccovviviieeiierie e 37

Table 2-8 The air conditioning systems are already close to the
theoretical limit of its effiCienCy........ccccccvvevivievicie e, 39

Table 2-9 The monthly capacity factors of PV systems in Taiwan (based
ON 2001) oot 47

Table 2-10 The monthly capacity factors of Wind power systems in
Taiwan (based 0N 2011)......cccoviiiiiiiie e 49

Table 2-11 Primary effect of fossil fuel-saving technology ................... 57

Table 2-12 Parameters used in the calculation of load balancing effect by
AV 4 oo 68

Table 4-1 Comparison of the Taipower and ESELNCKU scenarios ..... 88



Abstract

No technology that is already feasible to date can solve the resource
shortage and security problem alone. Therefore, collective
implementation of energy saving measures is needed to make a
significant change towards a sustainable future. Technology
roadmapping is known as an effective approach that can be taken to
enhance the communication, support consensus building, and lead to an
agreed and collective implementation of technologies. In this project, a
framework for construction of Taiwanese roadmap for energy technology
domain is prototyped. The visions on where the roadmap should direct to,
will be taken from the national energy target.

First, the technologies in Photoelectronics (i.e., LED, Photovoltaics,
LCD), Electricity, Petrochemical (i.e., fuels, others), Steel, Domestic,
and Transportation sectors are screened from the viewpoint of its
feasibility and effectiveness. This is performed through i) interviews, ii)
literature review, iii) major contribution analysis, iv) theoretical limit
analysis, and v) market projection. The screened technologies are further
analyzed from its component technology, cost, materials required,
environmental impact, and social acceptability. The technologies without
sufficient data were eliminated from the analysis in this report, but
review was made so that further study on scenario development is
facilitated.

Technology assessment results are integrated to draw a holistic and

scientifically supported and broken-down vision and roadmap of energy

Xi



systems in the short-middle term (2020). In doing so, projections of
population, market, resource price, etc. are made.

The constructed framework is demonstrated for analysis on scenario
for Electric Vehicles, considering its potential load balancing capability.
It is shown that greenhouse gas emission reduction effect of EVs is
contributed by which factors, canceled by which factors, and what kind

of assumption needs to be made to derive such a conclusion.

Keywords: Roadmapping, Carbon emission, Energy saving technologies
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Executive Summary of Project Checkpoints

In this project 1) Technology assessment, 2) Review of targeting and
benchmarking methods, 3) Review of promotion policies, 4)
Construction of Visions, and 5) Analysis of Bottleneck, risk, and
uncertainty were the checkpoint items. Here we summarize our

achievement on these 5 items.

v" Technology assessment

- Photoelectric sector - Petrochemical — Others
- Electric parts - Steel
- Electricity - Domestic Transportation

- Petrochemical — Fuel production

In this report, we have screened technologies that are relatively higher
impact, with higher potential, and have sufficient data for evaluation

from abovementioned sectors.

Electricity generation and utilization (PV system, Wind power), and
Transportation (EV and hybrid vehicles), were chosen as the
technologies to elaborate on, while Domestic (fuel cell systems, air
conditioners, heat pump boiler) and utility for industries in general
(fuel cell cogeneration of heat and power, air conditioners, heat pump

boiler) were reviewed. Through the review, the data in need to complete

XVi



building them into the technology roadmap were clarified.

Efficiency improvement technologies in Steel industry are already
implemented, and have less potential for further improvement in Taiwan.
Further reduction should be explored in a cross-sectoral approach:
carbon emission from steel industry may increase but the improved
product quality may reduce much more emissions in other sectors. The
remaining challenge will be in reuse of low temperature heat waste.

According to the report on October 1, 2012 [1], china steel has already
implemented high temperature heat recovery process, which help them
earn more than 10 billion NTD of electricity fee. They recover 3,697
Tcal (35%) and the other 65% of the heat waste is not utilized. Among

the recovered waste heat, over 650°C comprises 42.3%, 250-650°C

comprises 57.7%, and below 250°C portion is not recovered at all. For

example, China Steel is conducting a pilot-scale test for utilization of
waste heat for producing algae, which can be used to produce renewable
biodiesel. This process simultaneously fixes carbon from the flue gas
emitted from the process. Another potential will be to utilize physical or

chemical heat pump to upgrade the temperature of the heat.

Both Japan and Taiwan, industrial sectors use half of the energy in the
nation. In Japan, Petrochemical industry emits ~30% of the carbon
emission, and 40% of which are by distillation. Therefore, 6% of the

national emission is contributed from distillation in general. There are

XVii



technologies that can improve energy efficiencies of various types of
distillation columns. For example, hybrid use of distillation and
membrane separation might be able to cut down the energy
consumption by half — therefore 3% of energy consumption can be
reduced. For Taiwan also, petrochemical industry is a major energy
consumer, and energy saving at a similar magnitude is expected.
However, we do not yet have information on how this technology will
change the inventories in the petrochemical industries. Since this
technology has a high potential, it is recommended to evaluate it in detail

and consider investment on such membrane materials.
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v Targeting and Benchmarking methods
In Taiwan, there are targets for GHG emission reduction, introduction of
renewable energy, and energy intensity. These methods all look at the

sustainability aspect of energy from different perspectives.

GHG emission reduction: Sustainable energy policy framework (- 4§

it R T 4 AR )[2] sets the target at GHG emission should come back to

the level of 2008 during 2016-2020. At 2025, the emission should be at

the same level as in 2000.

Renewables: Renewable Energy Development Act (£ 2 i iR B i b

% = %) [3] sets the target to enhance the capacity of electricity supply

from renewables by 6,500-10,000MW.

Energy intensity: The Framework on Energy Development (i /&% & %

£8)[4] says that the energy intensity should improve by 2% annually.

XiX



v Promotion Policies

Examples of promotion policies[5, 6] for energy efficiency enhancement

include:

» Feed-in-tariff (FIT):

The energy generated by PV systems, wind power, etc. can be sold
to the power grid with a fixed rate at a better price. The selling
price of the electricity will decline every year to encourage earlier
installation. For example, application for PV systems installation
is currently on application basis. The project will be evaluated,
with check points such as its expected generation, whether the
roof is legally constructed, etc. There is an annual quota for the
projects allowed to feed in, in order to ensure the program do not

go bankrupt because of the “excessively” accelerated installation.

» Mandates for implementation of energy saving equipment for
new constructions:
As mentioned in the interview record shown in appendix 1, Taipei
municipal government has mandated for all the newly constructed
swimming pools for schools to use energy saving facilities. This
kind of mandate for public projects can be helpful in promoting

installations.

» Preferential loaning system for financing:
For investment on energy saving technologies or renewable

energy facilities, financing can be a bottleneck. Several banks in
XX



Taiwan, including Cathay United Bank (Lail—?:j}ﬁ' #42{7) has

financing program for PV systems. These programs will apply
lower interests, or apply the installed system itself as collateral for
the financing. This kind of loaning system is combined with the

ESCO model introduced below.

Energy saving rewards

For consumer of low voltage power, the government encourages
energy saving by giving out rewards. The rewards are calculated
based on how much electric energy consumption was saved
compared to the same month in the previous year.

For high voltage consumers, no such energy saving reward is
available. (If the consumer improve the power factor of the factory,
the electricity fee will be cheaper. The power factor can be
improved by for example using active compensation equipment.
This is because factories with low power factor will require more
current than it is supposed to, and more current is not used at the
factory, which means the burden of the infrastructure becomes

higher. However, this is not related with energy saving itself.)

Business models
For PV systems, there are a business model of roof rental. The
energy company will install the PV systems on a roof rent by the

owner of the building. The PV systems belong to the energy

XXi



company, and so does the benefit from selling the power. With this
business model, the owner of the roof can make small profit from
lending the roof, no additional investment is needed for the owner.
In addition, the owner can benefit from protection of the roof from
direct irradiation (thereby reduce loading on air conditioning in
some case), and also improvement of the image due to the PV
panels if they are visible. The bottleneck of this model is that in
Taiwan, illegal construction is seen on almost all of the buildings
for residential purposes, which makes the building disqualified for

PV systems installation with FIT promotion.

For energy saving project in general, “Energy Service Company
(ESCO)” is an emerging industry that can promote energy
efficiency improvement. This type of company will install the
system (heat pump, PV system, etc.) and paid back for the cost
(including profit of the ESCO) by the benefit generated by energy
saving. After it is paid back, the benefit from energy saving is
totally on the owner. This business model can reduce the
investment of the owner. Because the banks consider this kind of
project is relatively stable and good one, several banks offer better

deal for the loan.
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v Construction of Visions

In this project, visions for future vehicle use were prototyped. It is made
clear that more detailed information on the demand of transportation is
needed to draw a more agreeable vision, rather than just making mostly a

projection of the current trends.

It was also clarified that if nuclear power is going to be reduced
according to the schedule, it is impossible to supply growing power
needs at the year 2020, if the power demand was to grow as illustrated
by Taipower in their report[8]. Because many of the technologies need
more time for implementation, accelerated replacement of refrigerators
and air conditioners, and encouragement and enforcement and energy
saving measures is needed. Taiwan industries also need to prepare for

expanding risk of electricity shortage in the near future.
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In Taiwan, 2020-2030 is a period when it peaks its population. Therefore,
it must be kept in mind that we should not make a reasonable investment
not just for supply the electric power during this period but with
consideration of after the decline in power demand. Otherwise, the next
generation will need to bear the cost when they do not really need that
many facilities. For example, if more thorough energy saving actions
during 2020-30 can reduce the number of nuclear reactors that needs to
start operating, it becomes worthy to invest on such an energy saving
actions, education, infrastructure and investment. In this research, we
have shown this through preliminary calculation for 2050. Using the
technology assessment framework presented in this report, a more active
discussion based on quantitative figures and integrated scenarios should

be initiated as soon as possible.

v Analysis of bottleneck, risk, and uncertainty

Bottleneck identified is the cost of the high efficiency devices. For
example, it is mentioned in the report that heat pump boilers and fuel cell
cogeneration systems have good potentials, however, in Taiwan,
commercialized systems are not available in package. Key parts such as
compressor are mostly produced in Japan. Such a situation can keep the
price of the systems high, and thus become a bottleneck for the

introduction of these technologies.

The risk identified in this study is material supply for PV, motors for

XXiv



generators and batteries for EVs. To reduce such risks, development of
recycling technologies for the materials used in these device, and
development of alternative materials that can diversify the risk. Another
emerging risk is the supply chain risk. For example the flooding in
Thailand (influencing manufacturing of personal computers), or
Earthquake in Japan (influencing global production of cars) has revealed
that the supply chain is actually quite globalized, and in some cases,
quite concentrated for the sake of lowering the cost and management of
knowledge. Under such situation, some simple defect in the supply chain

can bring a critical damage in some particular industry.

There are lots of uncertainties identified; for example in evaluation of
EV, the following were the major uncertainties;

- future strategies for nuclear power plant

- future smart grid infrastructure
For such uncertainties, we utilize scenario analysis approach. This is
demonstrated using the example of evaluation of EV promotion. The
premise of scenario analysis is that we do not try to make a prediction
(or forecast) that is accurate. In scenario analysis, the objective is to be

prepared for lots of future situations that are all possible to emerge.
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Chapter 1 Introduction

1.1 Use of roadmapping for making important, society-wide
decisions

Some decisions on technology management are so important that
could influence the future of the entire society. For example, investment
for future energy systems, strategies to tackle major societal threats (ex.
adaptation to aging society) are among those important decisions.

Such decisions must 1) be made based on scientifically consistent
and/or unbiased facts, 2) be agreeable among the stakeholders, and 3) be
a responsible and just one for other parties. The other parties here
include other countries in the global society, and future generations.

It is widely understood, that the decisions related to energy systems
are important because it is closely linked with environmental impacts
that is related to public health, resource that must be shared globally and
amongst the current and future generations, well-being of the energy
users, and production activities that bring the prosperity to the people.

Many energy-saving technologies are entering the market recently,
for example: heat pumps (incl. refrigerators, air conditioning, and boiler),
solar photovoltaic systems (PV), fuel cell cogeneration systems, hybrid
electric vehicles, etc. Since none of these technologies alone can solve
the entire energy-related problems, it is important to construct an
attractive future vision and roadmap to induce a collective
implementation that links the current situation and the vision. The

roadmap needs to be drawn with feasible technologies with reasonable
1



future projections (not the maximum potential, not too conservative
estimates). The roadmap is usually updated frequently reflecting the

progresses and breakthroughs made in the technology development.

1.2 Objective

The objective of this study is to construct energy technology
roadmapping tools for Taiwan. The tools will allow its users to construct
the energy roadmap that could match the national energy targets, so that
it could trigger wide discussions, enhance understanding, promote
agreement, direct efficient investment and bring international
competitiveness and thereby increased well-being and sustainability to
Taiwanese society.

Roadmapping approach is used at a countries’ level, as well as in a
business to build an agreed future vision and the pathways towards the
vision. Perhaps the most famous roadmap is the one issued from ITRS
(International Technology Roadmap for Semiconductors), which is
established by semiconductor companies aiming at meeting the target set
by the famous “Moore’s Law”.

Among the energy technology roadmap, a Japanese group have
recently completed a project “Future Energy Systems Designed by
Feasible Technologies” financed by the Ministry of Environment of
Japan. Figure 1-1 shows the boundary definition and structure of the
energy roadmap taken from their project report[9]. Fuel generation (in
brown), energy conversion (in green), and energy usage (in blue) are

the primary categories. Energy saving technologies we focus in this
2



project could be a part of any of these three categories.

Energy usage is further categorized into Domestic and Office (in
dark blue), Industry (in red), and Transportation (in teal blue).
Technologies in these subcategories can determine the demand for fuels
and electricity. According to market mechanisms and incentives added

by policies, the way fuels and electricity are supplied is determined.
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Chapter 2 Methodology

The framework of the methodology used in this study is summarized
in Figure 2-1. This framework basically inherits the structure and
boundary definition presented in Figure 1-1 by the Japanese group. The
difference we have made is in the two models used for simulating
consequential changes in the greenhouse gas emissions induced by
changes in electric power and fuel demand: POM, COM-Petro, and
PDPM.

In the project conducted by the Japanese group, they also use a
model that is equivalent with the power mix optimization model (POM)
presented in green hexagon. In this way, it becomes possible to simulate
changes in emission from power plants reflecting how the power use
changes as a result of the evaluated scenarios (Figure 2-2).

For fuel production, they have just multiplied a value, emission
inventory (ex. kg-CO, L™ of reductions in fuel consumption) for the
differences made in fuel consumption. However, just like in the
electricity sector, the way we use petrochemical products could influence
the emissions in various ways. To consider this effect, we have
developed a consequential material flow model for petrochemical
industries (COM-Petro) shown in the red hexagon (Figure 2-3).

Finally for energy consumption, an important technology is
emerging. It is electric vehicles (EVs), which are equipped with batteries.
The batteries are energy storage, and by utilizing the batteries on EVs to

balance the loading of the power grid, it can contribute in reducing the
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emissions from the power plants. An imaginary pattern of an individual
EV contributing in load balancing is illustrated in Figure 2-4. The car
charges its battery over the night, and uses it for commuting to
(8:00-9:00) and from (17:00-18:00) the workplace. During the parking at
the workplace, the EV controlled by a smart charge-discharge facility
can discharge part of its stored power to the grid to shave the peaks in
the power loading on the grid (13:00-17:00). Still, there is enough power
left in the battery on this EV to commute with some redundancy (here
approx. 60% of the full state of charge) to make the EV work stably and
for some irregular uses outside of the routine use. We have prototyped a
power demand projection model (PDPM) that can estimate the maximum
potential of load balancing achieved by EVs, while satisfying the
transportation needs. The Japanese group, have considered the
contribution of EVs but in a much optimistic manner without
consideration of user’s behavior patterns. The PDPM is subject to
enhancement so that it can consider introduction of other technologies
and changes in lifestyle.

In the following sections, the elements (models and scenarios)
presented in the Figure 2-1 are elaborated on. To construct technology
scenarios and a roadmap, feasible technologies must be identified and
assessed. This is done by i) interviews (Please see Appendix 1, 2), ii)
literature review, iii) major contribution analysis, iv) theoretical limit
analysis, and v) market projection. Once identified feasible, the
technologies are further assessed from its component technology, cost,

materials required, environmental impact, and social acceptability. The
5



scenarios listed in Figure 2-1, however, is not the only set of scenarios
that should be evaluated. Other kinds of scenarios might need to be
added on to this list, and for the scenario categories that are already
listed, a more sophisticated scenario should be constructed for a
thorough analysis. Here this study just demonstrates the framework and
tools developed to enable consideration of various sub-scenarios in an

integrated manner.
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Figure 2-1 Scope of the technologies (in oval), and the constructed tools (in hexagon) and relationship among them
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Figure 2-3 Reduction in consumption of petrochemical products do not reduce the greenhouse gases emission allocated
based on the current production. This is because the proportion of the products is different from the original as a result
of applying adjustment processes, consuming energy. Hydrocracking (HC) is an example of such process, producing
part of gasoline from fuel (heavy) oil. Reduction in gasoline consumption can result in less use of HC, thus increase in

energy efficiency of the entire process, thus reducing the emission inventories of all the petrochemical products.
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2.1 Scenarios in fuel production sectors

Primary categories of scenarios that could influence the GHG
emission from fuel production will be replacement of old refineries,
construction of new plants, and changing type and amount of traded
fuels. In addition, promotion of alternative fuels, such as ethanol and
biodiesel to replace gasoline and diesel can influence the GHG

emissions.
2.1.1 Production facilities and trade strategies

The efficiency and capability of production of various kinds of fuels
from the imported petroleum highly depend on the facilities. Usually, it
Is not possible to supply all the needs in petrochemical products by only
importing petroleum. A country would either export the surplus or import
insufficient chemical products to meet the domestic demand. When the
domestic demand change due to the improvement in energy efficiency,
lifestyle change, population change, and promotion of alternative fuels,
the operation of existing processes would need to accommodate the
changes in the demand. Some of the adjustment can be made even with
the existing facilities, but some may not be possible.

In this report, we use the current facilities and trading strategies for
the petrochemical products in Taiwan. To create such a scenario, first the
following assumptions are made.

1) Benzene, Toluene, Xylene, Ethylene, Propylene and Butadiene can
be traded when there is a surplus or shortage in domestic

production.
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2) Changes in demand of gasoline, diesel, fuel oil, and kerosene are
solely met by the domestic production from petroleum. (In reality,
the changes are adjusted also by exports and imports, or changing
operating conditions.)

3) The refineries can change the way they produce the products in
the proportion of the demand, by adjusting the production routes.

Based on these assumptions, the following baseline scenario is made for
this study.

Baseline Scenario for production facilities and trade strategies
e Capacities of the constituent processes in the refineries are kept

constant.
e There is no change in efficiency in the individual constituent

processes.

2.1.2 Alternative fuels scenario

Introduction of biofuels will reduce the demand of gasoline and
diesel oil from the petrochemical refineries. In this report, we use only
the baseline scenarios as described in the following subsections. Table
2-1 summarizes the alternative fuels scenario assessed in this study.

Table 2-1 Summary of alternative fuel scenarios

Gasoline demand reduced Diesel demand reduced
by bioethanol promotion by biodiesel promotion

Baseline 150,000 0

Conservative 0 0

Note: values are in kL and shown on the basis of 2011
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FP-1 Bioethanol promotion

For bioethanol the following roadmap (Figure 2-5) is presented by

the Taiwan’s government.

v’ 2007-2008:
Government vehicles demo program

v’ 2009-2010:
Metropolitan E3 program

Long term (~2025)
* Production: 200,000 L

Middle term (~2020) . Supply E10

* Production: 150,000 kL
* Supply E5

Short term (~2015)
* Production: 100,000 kL
* Metropolitan E3 program

* Fully supply E3

Figure 2-5 Taiwan’s Roadmap for bioethanol introduction [10]

FP-2 Biodiesel promotion

Since 2010, biodiesel is mixed in diesel fuel sold at gas stations at 2%
by volume (B2). Here, we assume that this status is maintained, and

biodiesel is not further promoted as a fuel for vehicles.
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2.2 Scenarios in energy consumption sectors

Scenarios are developed to calculate i) changes in power demand
throughout a year, and the ii) changes in annual fuels demand.

The baseline scenarios are primarily developed based on plans and

acts. For some categories, more scenarios are prepared.

2.2.1 Transportation scenarios

In Taiwan, transportation is one of the major GHG emitting energy
consumption sectors. Here, two transportation-related technologies are
investigated. First is penetration of Electric Vehicles (T-1) and the second

is Fuel Economy Cars (T-2).

TR-1 Electric Vehicles (EVs)

Electric vehicles (EVS) industry is one of the “green energy
industries” that are promoted by the Taiwan’s national policy. However,
there are also concerns such as those on pollutions and GHG emission,
and energy efficiency.

EVs consume electricity instead of fuels. As power plants are
known as major source of pollutants, including CO,, there is a concern
on whether promotion of EVs in Taiwan (or EVs made in Taiwan in any
other country) could increase the air pollutants. Another concern is GHG
emission. EVs will shift the GHG emission from the tail of cars to the
power plants, but not necessarily reduce them. In terms of energy

efficiency, since energy conversion at the power plants lose around
14



60-70% of the energy content of the fuels, one would naturally question
whether it is better to use electricity as energy media, or just use direct
conversion into power from fuels.

To answer part of these questions, the Electric Vehicles’ Developing
Strategy and Act (s £ 7 & 2 % B ¥ &2 (7 & > % )[11], presents a
well-to-wheel study on energy efficiency as illustrated in Figure 2-6.
According to this calculation, EVs look slightly more efficient than the
internal combustion vehicles. However, by the time EVs are entering the
market at a significant number, the efficiencies used in this calculation
might be already outdated. To discuss such aspect, using the numbers
presented in Figure 2-6, a sensitivity analysis is conducted as shown in
Figure 2-7. We can see how ICE vehicles development (ex. by wider
introduction of hybrid vehicles), and upgrading of energy conversion
efficiency at the power plants are related to each other. Furthermore, the
threshold lines are drawn for a variety of efficiency of refineries (black
numbers) and battery charging/discharging (red numbers).

However, even with this useful figure, the hourly aspect of GHG
emission from the power generation is not considered. Therefore, it is
not possible to answer how EVs introduced in the future will add loading
on the power grid, and emit how much more GHGs. On the other hand, it
is said that EVs can be used for load balancing, thus reduce GHG
emissions from the grid. Again the potential in doing so is controversial.
As a result of load balancing, the base load or middle base power
generators can be used more. In Taiwan, these are Nuclear, Coal, and

LNG combined cycles. Nuclear is already operated at the maximum
15



possible capacity factor, so it will not be influenced by EVs introduction.
Based on current energy conversion efficiency, if combined cycles can
be increased as a result of load balancing, GHG emission can be reduced.
However, if coal is increased, GHG emission will increase.

To provide an answer to such controversy, we need a quantitative
scenario for EV use patterns. The use patterns are influenced by the
volume of the EVs and the way each of the EVs are used. Neither of

these is considered in the previously introduced well-to-wheel analysis.
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Engine to Wheel: 17%

Refinery Transportation Engine: 1,500cc
Fossil fuel = 35% Petroleum - 97% Weight: 1,050kg

Gasoline consumption:
=16.5 km/L

85% x 97% x 17% = 14%

Battery to Wheel: 68%

i Transmission 95% 5
Coal Conversmg Electricity 1551 Motor: 60kW

35% Recharging 80% Weight: 1050kg
Elec. consumption:
=150 Wh/km

35% x 95% x 80% x 68% = 18%

Figure 2-6 A well-to-wheel energy efficiency of EVs[11]
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Engine-to-wheel efficiency of ICE Vehicles [km/L]

Figure 2-7 Criteria of EVs being more energy efficient compared to

ICEV.
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To consider the volume of EVs introduced in the future, a roadmap for
introduction of the EVs was used (Figure 2-8). We will still need to
examine the feasibility of this scenario and other possible scenarios. In
this report, we have accepted this plan as the baseline scenario.

From this information we need to figure out how many EVs will be
used in the market at the time of assessment. Here, we assume a lifetime
of 7 years for EVs, and calculated the number of EVs used in the market
as shown in Table 2-2. As seen in Figure 2-9, in 2020, it reaches
approximately half of the saturation, which is supposed to reach already
at around 2025.

We have found that there is another interpretation of this roadmap.
This various interpretation comes from the ambiguity of language
expression in the roadmap. In Figure 2-9, the red curve shows this
interpretation, much more conservative than the one we adopt as a

baseline. The values in Figure 2-9 is calculated as shown in Table 2-3.
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2015~2030

Expansion term

2013~2015 Annual domestic sale for
Growth term 200,000 EVs
Annual domestic sale
2010~2012 for 45,000 EVs

Activation term

Demonstration for 3,000
electric vehicles

Figure 2-8 Roadmap for electric vehicles introduction by Taiwan’s

government[11]
(Cars) Baseline scenario

1,600,000

(as naturally read)
1,400,000 -
1,200,000 -
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Conservatively
400,000 interpreted scenario

(according to material
200,000 -

292,000 from ITRI)
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Figure 2-9 Number of EVs’ used calculated according to the government

roadmap (assuming average lifetime of EVs = 7 years)

19



Table 2-2 Number of EVs in baseline scenario

Year Total New Discarded
-2013 0 3,000 0

2014 3,000 45,000 0

2015 48,000 45,000 0

2016 93,000 45,000 0

2017 138,000 200,000 0

2018 338,000 200,000 0

2019 538,000 200,000 3,000
2020 738,000 200,000 45,000
2021 935,000 200,000 45,000

2022 1,090,000 200,000 45,000

2023 1,245,000 200,000 200,000
2024 1,400,000 200,000 200,000
2025 1,400,000 200,000 200,000

Table 2-3 Number of EVs in conservatively interpreted scenario

Year Total New Discarded
-2013 0 3,250 0

2014 3,250 7,000 0

2015 10,250 15,000 0

2016 25,250 45,000 0

2017 70,250 60,000 0

2018 130,250 75,000 0

2019 205,250 90,000 3,250
2020 292,000 100,000 7,000
2021 385,000 110,000 15,000
2022 480,000 120,000 45,000
2023 555,000 130,000 60,000
2024 625,000 140,000 75,000
2025 690,000 150,000 90,000
2026 750,000 160,000 100,000
2027 810,000 170,000 110,000
2028 870,000 180,000 120,000
2029 930,000 190,000 130,000

2030 990,000 200,000 140,000
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In addition to the number of EVs that are used in Taiwan, we need
to know how they are used; namely when it will be charged, and when
will it be able to discharge the extra power stored in the battery to
balance the load on the grid. As a prototype of model to simulate the way
EVs are used, we have created a use scenario of number of EVs in
various locations during daytime as shown in Table 2-4. Please note that
the data are fictitious here. It is recommended to conduct more detailed
analyses on how people use personal cars on an hourly basis during
different period of a year.

Finally, to consider the load balancing potential, the situation of
infrastructure construction has to be assumed. Here, we have four
stations for EVs: home, company, mall, and roadside. We assume that all
the homes have both charging and discharging (feed-in) equipment. For
other locations, we calculated varied cases, ex. no discharging
infrastructure at mall, etc. Charging and discharging equipment are
considered separately: therefore, there are 4 patterns for each location
outside of home which makes a combination of 4° = 64 patterns of

scenarios.
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Table 2-4 Number of EVs in various locations in each season

EV in location i during daytime (N))
8 Patterns N, N, N

3
(company) (mall) (road side)

Chinese new year o 0 258’0000 38?’0:] 0

(0%) (40%) (60%)

e 322,500 161,250 161,250

y (50%) (25%) (25%)

Summer 322,500 161,250 161,250

Veekday Lﬁ""“ (50%) (25%) (25%)
inter

RRiRe 161,250 161,250 322,500

Yeekend :‘_“':‘” (25%) (25%) (50%)
mier
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TR-2 Fuel economy cars

Here, we develop a scenario model for estimation of number of
respective kinds of personal cars in use, newly sold, and discarded. The

number of cars is estimated using the following equation 1:

E®) = pOC() eq. 1

Where,
p(t) = estimated population at year t

C(t) = number of car/people at year t

The number of car/people function is defined in equation 2 [12]:

Ct) = !

Cmin _(Cmax _Cmin)exp[_a(t_tO)] eq 2
Where,
Cmin=3

(From statistics, the number of people/car stabilises at 2-3. U.S., U.K., France,
Germany, Japan are around 2 [13].)

Cmax=3.9
(based on the current ratio of population and number of cars)

a =0.12145

to = 2011

Substituting equation 2 to equation 1 and with the existing
population estimation in Taiwan, the curve shown in Figure 2-10 is

obtained for the number of cars used during 2011 to 2030.
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Figure 2-10 Predicted number of cars in use, 2010-2030

To predict for the number of new demand cars, equation 3 is used.

N :Ei_Et—l+Dt—1 eq3

Where,

N = demand for new cars at year t
E; — E«.1 = annual increase in the number of cars
D:.1 = number of discarded cars

The number of discarded cars is calculated using the Weibull
Distribution function, shown in equation 4. In this kind of model, use of
Weibul distribution is a common practice. The parameters were
determined according to a literature [14]. In this literature, the author
used the simulated result on discarded number of cars and modified the
shape parameter to fit with past data on registered discarded number of

cars.
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W (Y) 1—exp{—(Ylj r(1+%j ]
' eqg. 4
Where,

W(Y) = accumulated disposal ratio

Y. = car life (assumed to be 10 years)

b = shape parameter (which is equal to 4 in this study)
I' = gamma function

To obtain the number of disposed cars in a given current year, the
disposal ratio (JW(Y) — W(Y-1)] is multiplied to the number of actual new
cars until the year before the given present year, and used the data to
predict for the future discarded number of cars. Figure 2-11 shows the

result of the prediction.
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Figure 2-11 Predicted number of new cars, 2010-2030
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Based on Taiwan government’s roadmap of EV implementation and
the actual sales of EVs in year 2010, scenario on the new sales of fuel
economy cars in Taiwan in the next 20 years were constructed. Table 2-5
shows the fraction of Battery EV (BEV), Plug-in Hybrid Electric
Vehicles (PHEV), Hybrid Electric \ehicles (HEV) and Internal
Combustion Engine Vehicles (ICEV) in year 2010, 2020, and 2030;
while Figure 2-12 shows how the trend of sales are throughout these
years. Figure 2-13 then summarizes how the proportion of different
kinds of personal vehicles changes over years. In this study, heavy
loaded freight vehicles are not considered, as it is considered it does not
belong to the market of EVs.

It is expected for the BEV to continuously rising until 2030, and at
this year, it will surpass the number of HEV sales. PHEV sales will be
growing as well, but as this type of car is just an expensive version of
HEV (containing more batteries for a longer range driving but still has a
combustion engine), it would not be as popular as BEVs. The HEV sales
are projected to peak at year 2025 and will decline from thereon as

people continue to embrace the emission-free cars such as BEVs.
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Table 2-5 A scenario on fraction of vehicles in 2010, 2020 and 2030.
Values on BEV row are based on the government EV roadmap,
conservatively interpreted, introduced in Table 2-4. Values on 2010 are
based on recorded values. Values in bold italic are the scenario
parameters.

2010 2020 2030
BEV 0.00078 0.21 0.39
PHEV 0.00031 0.1 0.2
HEV 0.002 0.4 0.35
ICEV 0.9969 0.29 0.06

600,000

=O=HEV =O=PHEV

500,000

400,000 BEV =C=ICEV

Py

300,000

200,000

100,000

Estimated Taiwan Car Sales

0 —r . . .
2010 2015 2020 2025 2030

Figure 2-12 Predicted number of new cars sold during 2010-2030
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Figure 2-13 Breakdown of simulated number of cars, 1990-2030

2.2.2 Total consumption scenarios

It is eventually needed to explore how much change in the total
needs of service is necessary to achieve targets such as GHG emission,
or other particular visions. Once we know the limit of the role of
technologies, the gap between the GHG emission reduction targets needs

to be filled relying on changing the consumption patterns.
TC-1: Lifestyle

Here in this study, we do not assume any significant change in the life
style, which is beyond what is included in the power supply projection
made by Bureau of Energy (100 # & # f § 38 ipl&2 T B 3 R 514 & 4

2)[8], as shown in Table 2-6.
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Table 2-6 Loading projection down to 2030

% P1100~119#& 5§ A REH T 4 L FER

Year we g IO | EEE Y RS | smeipe s
A F BAE | FEF%)| R [FEF%)| FE [FEFW)[FEF%] 2 E F%)
100 | 2011 | 2,095.4 — 2,392.0 — 3,378.7 — 70.8 4.84
101 | 2012 | 2,144.9 2.4 2,448.5 2.4 3,443.8 1.9 71.1 4.71
102 | 2013 | 2,222.7 3.6 2,537.3 36 3,569.0 3.6 71.1 4.69
103 | 2014 | 2,307.8 3.8 2,634.5 3.8 3,702.7 3.7 71.2 4.66
104 | 2015 | 2,399.5 4 2,739.1 4 3,844.5 3.8 71.2 4.64
105 | 2016 | 2,482.2 3.4 2,833.5 3.4 3,975.9 3.4 71.3 4.62
106 | 2017 | 2,560.6 3.2 2,923.1 3.2 4,101.2 3.2 71.3 46
107 | 2018 | 2,635.4 2.9 3,008.4 2.9 4,220.5 2.9 71.3 4.58
108 | 2019 | 2,706.6 2.7 3,089.7 2.7 4.334.1 2.7 71.3 4.56
109 | 2020 | 2,774.3 2.5 3,167.0 2.5 4.442.1 2.5 71.3 4.54
110 | 2021 | 2,837.8 2.3 3,239.4 2.3 4,541.7 2.2 71.3 453
111 | 2022 | 2,897.6 2.1 3,307.8 2.1 4,636.2 2.1 71.3 451
112 | 2023 | 2,954.7 2 3,372.9 2 4,725.7 1.9 71.4 45
113 | 2024 | 3,008.3 1.8 3,434.2 1.8 4,810.4 1.8 71.4 4.48
114 | 2025 | 3,062.8 1.8 3,496.4 1.8 4,895.9 1.8 71.4 4.47
115 | 2026 | 3,117.3 1.8 3,558.5 1.8 4,982.0 1.8 71.4 4.45
116 | 2027 | 3,170.1 1.7 3,618.9 1.7 5,065.2 1.7 71.4 4.44
117 | 2028 | 3,223.2 1.7 3,679.4 1.7 5,148.6 1.6 71.5 4.42
118 | 2029 | 3,276.5 1.7 3,740.3 17 5,232.2 1.6 71.5 4.41
119 | 2030 |3,329.10 1.6 3,800.4 1.6 5,314.7 1.6 715 4.4
100-119-T 35
55 % O%) 2.48 2.48 2.41

xR E100E LR H o

Using projection on average and peak loading information shown in
red in Table 2-6, we have created future load curves preserving the shape
of the daily loading curves. The method we have used is summarized in

Figure 2-14.
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(1) Standard load (Z,)) (2) Standard deviation in 2020 (7,,,,)

Xi 2011 — Haon Xispa 14,2020) ~ Mg
Zi;= Oy =

i.J
a1 L peatday14)

: Peak load (% “ # #%)  Pcak load (¥4 & #)
(3) Electric power load m"‘;m‘;a = m"‘;ozﬁa (

in 2020 (x; ; 220) : 3 L)

1004 F # & $ 7R 8 TR A AR 3
I E, B3R5 (2012/04)

Xi j2020 =& X Oggp9 + U

where...

i = {spd, swd, swe, mwd, mwe, wwd, wwe, eny}, j:= {1.24}, x;; : electric power load
at hour j n pattern i, in year y, z;; : standard electric power load at hour j in pattern i, u, :
mean of the electric power load in year y, and ¢, : standard deviation of the electric power
load in year y .

Figure 2-14 A symmetric projection of future hourly load curve in a year,
using example of projection of 2020 from the data of 2011.

The hourly power consumption in 2011 was obtained from
Taipower through personal communication[15], and analyzed. As a
result eight characteristic hourly patterns were identified, as shown in
Figure 2-15a. Figures 2-15b and 15c shows the range of the actual
demands that are represented by the respected curves. There are overlaps,
but we will find that the representativeness of these curves is actually
quite good. Using these seasonal curves, the curves in 2020 and 2030 are

developed as shown in Figure 2-16.
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Figure 2-15 8 characteristic hourly patterns of power load in Taiwan (a),
and its coverage range for (b) [peak day, weekdays] and (c) [weekends,
chinese new year].

31



power supply (GWh)

15

"

123 4 56759101 R2I3415161718192021222324
Tlewe (he)

-+ Winter weekday (81) —+Winter weekend (34)

-=-Middle weekday (83) --Middle weekend (39)

= Summer weekday (85) -+ Summer weekend (36)
~ Peakday (1) ~+Chinese new year (6)

Pawer sapply (GWh)

e o f-"/ '_.V—‘\\
20 \ / <

> ——o—o

15
I 2 3 45 73590101 R23KISIHLITIBIN22I2234
Time thr)
ss
. 2030 . |
Ac. .l.-
»
".

b

1T 20 4 8 67T 8 90112 ITIRISN DN
Thme (hr)

Figure 2-16 Hourly load curves from 2011 and the simulated curves in 2020 and 2030.



2.2.3 Industrial technologies

We have screened out that heat pump and fuel cell boilers are
example of the two feasible and deployable technologies in 2020. Both
of these scenarios will influence power and fuel demand. In this section
we review the situation of the development of these technologies and its
potential.

In this report, however, we assumed that these technologies will not
enter our market by 2020, i.e., no contribution of these technologies are

taken into account.

ID-1 Heat pump boiler

In industries where hot water is needed, application of heat pump
boiler can be an attractive option. Heat pump boiler can boil water with
much lower energy consumption compared to use of fuels. If we cook
water based on combustion, the energy that can be transformed into heat
IS at most as much as the heat content of the fuel. However, the heat
pump boiler can use the electricity for transporting heat; therefore, it is
not bound to the heat content. Usually, this kind of boiler would
transport more than 3-4 times of the electricity consumed. Even
considering the energy loss at power generation, it is most likely able to
save energy in total. This technology is particularly advantageous in
Taiwan’s condition, as it has a warm ambient temperature throughout the
year. Food industry will have particularly large potential to utilize this

technology.
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Threat of this kind of technology is the supply of the systems.
Currently, the systems for high-end compressors used in heat pump
boiler systems are mostly produced in Japan. These systems utilize CO,
as working fluid to transport heat. Since Japan is protecting this
technology, there can be a price barrier for Taiwan’s industry to
introduce heat pump boiler system. There are a number of companies
providing heat pump system in Taiwan. We have conducted interview to
the heat pump system vendors (Appendix 1, 2).

In Japan, the heat pump boilers are called “Eco-Cute” system.
Major home appliance producers as well as more specialized producers
sell these kinds of boiling systems, both for household and for industry.
This names come from the sound of “hot water supply” in Japanese (%

[kyu-to = cute] ).

ID-2 Fuel cell boiler

Fuel cells in general utilize reverse chemical reaction of electrolysis
of water to generate electric power from H, and O,. For industry, Molten
Carbonate Fuel Cells (MCFC), Polymer Electrolyte Membrane Fuel
Cells (PEMFC), Phosphoric Acid Fuel Cells (PAFC) and Solid Oxide
Fuel Cells (SOFC) are available and used.

The commercial fuel cell systems utilize natural gas for fuel. First,
the fuel gas is desulfurized, and then reformed to produce hydrogen. For
high temperature fuel cells such as MCFC and SOFC, the reforming can

be performed at the cells without the reformer. In case of commercial
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PAFC sold from Fuji Electric Co., 42% of energy can be converted into
electric energy, around 10% higher than typical gas engines. Moreover,
the heat can be utilized to prepare hot water. Usually, fuel cells are
expensive system, therefore operated at high capacity factor used for
supplying base load of the facility.

Sites typically most suited for installation of fuel cell systems are
hospitals, data center with lots of computer servers, and places where
large scale water treatment using digestion (ex. wastewater treatment
plant, beer company, etc.). In general places with fuel generation and
ample heat demand are more suited. In addition, by realizing power
generation on site of demand, installation of fuel cell systems can
increase the redundancy of power and heat supply thereby increase
tolerance to disasters such as earthquakes. Another interesting
application is in the data center. In addition to increase security of power
supply, fuel cell systems can be used to remove oxygen from inside of
the data center. This can simplify the fire preventing equipment needed
for the data center. Such an application can be useful in some of the
production lines in high-tech industries in Taiwan. The PAFC unit,
including installation cost is around 30,000,000 NTD, which is very
expensive. However, in case of some municipalities such as in Tokyo, up
to around 2/3 of this cost can be subsidized to ensure the safety of
hospital under various events.

In Japan, fuel cell boilers are sold for households and commercial
use with a nickname “ene-farm (T2 7—L4)". At first, PEMFC was

used for this purpose, but the efficiency was lower and so was the
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controllability of ratio between hot water and electricity. Since October
2011, SOFC based ene-farm started to sell in the market. This type of
fuel cell boiler has higher efficiency with higher output controllability,
therefore being expected to be the mainstream system in the future.
Despite its currently high cost, fuel cell systems has high potential
of enhancing energy efficiency, and fuel diversification especially if it
can be combined with needs in heat, oxygen removal, biogas utilization
(or treatment), and redundancy in power supply. If Taiwan were to grow
this industry, the government should promote this industry using systems
made in Taiwan, and cultivate domestic market, until it reaches to the

level where domestic industry has a competence in global market.

2.2.4 Domestic & Office Technologies

As can be seen in Table 2-7, the top 3 domestic consumers of
electricity are 1) Air conditioner, 2) Boiler, and 3) Refrigerators,
followed by hot water pot, personal computers, TV, and then
illumination. Here we review air conditioner and boiler in this report.

However, as the breakdown of energy consumption in these items
are not available, in the results, introduction of these technologies are not
reflected. We suggest two remedies to this situation: 1) to conduct survey
on consumer behaviors on the use of electric appliances, and 2) to
conduct back-casting study (ex. how much domestic & office
technologies should contribute in energy saving to achieve some specific

target)
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Table 2-7 Contribution of electric home appliances in the household

energy consumption [16].
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DO-1 Air conditioning replacement

Energy saving in air conditioning can be achieved by improving its
performance (Coefficient Of Performance, COP), and by replacing old
machines by the newer ones. Another method is to encourage users to set
the temperature at higher indoor temperature setting. Figure 2-17 shows
the theoretical COP values for various outdoor and indoor temperatures.
As differences in outdoor temperature and indoor temperature become

closer, the COP value is higher (i.e., more energy-saving).
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Figure 2-17 Heat pump Coefficient Of Performance (COP) for various
indoor and outdoor temperatures.

Considering various loss of energy in the air conditioning units, the
theoretical limit of domestic and commercial air conditioning systems
were calculates as shown in Table 2-8. Here we can see that if relying on
air conditioners with current structure, the systems currently sold are

already close to its limit in efficiency. Therefore, reduction of air
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conditioning loading have to rely on development of new type of air
conditioners (ex. separate dehumidizer and cooler system using
absorbents), or on acceleration of replacement of old and inefficient air
conditioners.

Figure 2-18 shows the lifetime distribution of air conditioners in
Taiwan (Hsueh and Fukushima, 2010)[17]. Using this distribution
obtained by fitting of past sales records, breakdown of age of air
conditioners in use can be predicted by using the procedures summarized
in Figure 2-19. Figure 2-20 shows the obtained distributions of air
conditioners in use. The red row in the figure is for the year 2006, where
the height of the bars represents the number of air conditioners still used
in Taiwan, which was produced in respective years on “sold/imported”
year axis. By using this approach, breakdown of air conditioners in 2030
can be predicted as shown in Figure 2-21. By developing scenarios for
development of COP values in Taiwan over the period shown in this
figure, we can predict how much energy will be used by air conditioners

in 2030.

Table 2-8 The air conditioning systems are already close to the
theoretical limit of its efficiency.

Limit 2010
Domestic (2.2 kW) 7.0 6.76
Domestic (4.0 kW) 6.3 5.29
Commercial (4.5 kW) 6.2 4.71
Commercial (7.1 kW) 5.1 4.46
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DO-2 Heat pump boiler

Heat pump boilers were already reviewed in the industrial
technology section. The additional information worthwhile adding here
Is that in Japan, packaged system equipped with high performance hot
water tank and intelligent control system is available.

Because hot water use patterns are diverse by households, and
because heat pump boilers require more time compared with gas boilers,
control system considering tank capacity and hot water usage is critical

in satisfying daily needs without losing convenience in the households.
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2.3 Scenarios in energy conversion sector

In this project, introduction of large-scale solar photovoltaic (PV)
systems will be assessed. Considering the solar irradiation patterns in the
southern part of Taiwan in the different seasons, the power generated by

PC systems will be incorporated in the POM as a part of input data.

2.3.1 Capacity renewal & Upgrading

By stop using the old, deteriorated power plants and constructing
new power plants, the efficiency of energy conversion will be improved,
and will be able to save fuel costs. Enhancement of renewable energy
such as PV systems and Wind power systems will also contribute in

saving fuel requirement.

EC-1 Enhancement, replacement, and retirement

Here, the capacity enhancement plans presented by Taipower[8] is
utilized as a baseline scenario (Figures 2-22, 2-23).

This plan includes promotion of PV and Wind power, as well as
other IPPs. These power generators require special attention because
their operation is not determined by minimizing the cost of power
supplier.

Table 2-9 shows the monthly capacity factor of PV cells installed in
Taiwan in 2011[18]. Using the hourly power generation pattern at the
summer peak day, and the seasonal capacity factor calculated from the

Table 2-9, we have obtained pattern of PV power generation in summer,
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middle, and winter seasons as shown in Figure 2-24, by multiplying the
ratio of capacity factors.

Table 2-10 shows the monthly capacity factor of wind power
generations systems installed in Taiwan[18]. This data is created from
the record in 2011. To obtain the seasonal power generation patterns for
wind power, we have utilized the difference in monthly capacity factors,
but in a different way from predictions made for PV systems. For PV
systems, the ratios of capacity factors across the seasons were multiplied
to the generation pattern on the summer peak day. However for wind
systems, the generation curves were shifted as shown in Figure 2-25.

Similarly, for IPPs, the monthly capacity factors were first
calculated (Figure 2-26), and then, the daily power generation patterns

were estimated (Figure 2-27).
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Figure 2-22 Capacity change scenario for IPP generators (left) and Wind and PV systems (right) 2010-2020.
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Table 2-9 The monthly capacity factors of PV systems in Taiwan (based on 2011)

1 2 3 4 5 6 7 8 9 0 11 12
Capacity 1) 229 233 24 25 256 263 283 351 363 376 399 411
(MW)

Generation @) 2470 2567 2663 2854 3371 3617 3887 4041 4076 4088 4010 4145
(MWh month ™)

Number of days  (3) 31 28 31 30 31 3 31 31 30 31 30 31
Capacity factor  (2) / 1450 1640 1491 1586 17.70 19.10 1846 1548 1559 14.61 13.96 1355
(%) ((1)*(3)*24))*100
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Figure 2-24 Monthly capacity factor (left) and seasonal power generation pattern of PV systems in Taiwan.
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Table 2-10 The monthly capacity factors of Wind power systems in Taiwan (based on 2011)

1 2 3 4 5 6 7 8 9 10 11 12
Capacity 1) 4776 4776 5066 506.6 506.6 506.6 5195 5175 5244 5244 5244 5244
(MW)
Generation 2 2505 158.1 176.8 82.6 567 57.8 385 407 825 1651 1411 2427
(GWh month ")
Number  of (3) 31 28 31 30 31 30 31 31 30 31 30 31
days
Capacity factor  ((2)*1000) 7050 4926 4691 22.64 1505 1585 0096 1056 21.85 4232 37.38 62.21
(%) 1((1)*(3)*24))*100
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Figure 2-25 Monthly capacity factor (left) and seasonal power generation pattern of Wind power systems in Taiwan.
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EC-2 Efficiency improvement

As newer power plants are constructed, the efficiency of respective
kind of power generation will improve. Therefore, basically energy
conversion efficiency of power generation in the future is expected to
improve. However in this report, we have utilized the current energy
conversion efficiency as a baseline.

The authors strongly suggest examination of additional scenarios
with energy efficiency improvement.

Energy efficiency will also depend on the operation patterns. If the
power output is frequently adjusted, thermal power plants will lose
energy, thus the efficiency declines. We will also suggest exploring
possibility of modeling the efficiency variations in relation to capacity

factors of respective types of power generators.
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2.4 Models

2.4.1 Simulating future electric power supply structure

In this project, the power mix optimization model (POM)
determines operation of various power plants to minimize the cost of
operation by minimizing the operation cost. For installed capacity of
power plants, various scenarios will be applied. Some of the scenarios
will be generated by minimizing the total (= capital + operation) cost
instead of operation cost only. To determine which kind of power plants
will be constructed and operated, conversion efficiency, fuel type, future
fuel price, and characteristics such as load following capability are
needed as inputs to the model.

POM is already available as a model constructed on Excel with a
commercial add-on package What’s Best from LINDO systems, a rapid
application development tool for programs with optimization. However,
to assure flexibility and reusability, the model needs revision with a more
descriptive and structured modeling tool such as General Algebraic
Modeling System (GAMS) or A Mathematical Programming Language
(AMPL). In this project, AMPL is chosen.

Figure 2-28 shows the output from the POM for peak load day in
2011, while Figure 2-29 shows the actual situation. There are still some
discrepancies between the simulated and actual power mix, so a better
calibration of the parameters in the model is required.[19, 20] The POM
Is capable of considering any number of seasons and power generation

and storage technologies. Figure 2-30 shows the comparison between the
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simulated and actual electricity generation in each season. Although it is
not exactly the same, we can see POM is simulating the situation quite

well. For the data and model are described using AMPL.
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Figure 2-28 Simulated situation for peak day in 2011 (POM)
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Figure 2-29 Actual situation for peak day in 2011
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Figure 2-30 Simulated (left) and actual (right) electricity generation in 2011
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2.4.2 Simulating future fuel supply structure

For example, by development of biofuels and penetration of EV and
HEV technologies, it is expected that gasoline demand is declining in the
future (Table 2-3). The implication of this demand structure change on
carbon emission inventories of petrochemical industry should be
determined considering the mechanisms of conversion of various raw
materials into gasoline and the efficiencies of the processes. In this
project, a consequential material flow model for petrochemical
industry (COM-Petro) is developed, and utilized for evaluating the
scenarios that affect demand structure of petrochemical products[21].

The operating situation of petroleum refineries in Taiwan in 2010 is
used as an example to demonstrate the methodology and calculate
environmental burdens reduction potential for different fossil fuel-saving
technologies.

Table 2-11 Primary effect of fossil fuel-saving technology

Fossil fuel-saving technology Primary effect

Alternative fuel
bio-ethanol Usage of gasoline decreased

bio-diesel Usage of diesel decreased

Lighter material for car shell,

Usage of gasoline and diesel
Hybrid engine,

decreased
Electric vehicle

Alternative material

biodegradable plastic Usage of propylene decreased
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Petroleum refining is an extremely complicated, highly integrated
process where the equipment and unit operation are tailored to specific
feed properties. The level of complexity is increasing with time due to
degrading quality of crude oil, i.e., heavier crude oils with higher sulfur
content. Therefore, processes in petroleum refinery will be upgraded
over time and could be different from the present form in the future.
Figures 2-31 and 2-32 illustrate two typical petroleum refineries, which
are mainly producing fuel (CPC Corporation, CPC) and petrochemicals
(Formosa Petrochemical Corporation, FPCC).

As shown in Figure 2-33, in this study, first, a superset process
model that covers all the processes and process linkages are prepared.
Using the actual petrochemicals and fuels production data, yield (defined
as the ratio between various coproducts from a chosen process) and
efficiency (defined as the weight proportion between input and sum of
output products) of respective processes is be calibrated by minimizing
the difference between the simulated and actual production. This
operation generates a model, which represent the country-specific
petrochemical process. This is equivalent with determining the
coefficients in a simultaneous equation system that describes a process
system.

The calibrated model is then used to determine how much respective
model is operated and how the products are processed in the given
system, after a change in the product demand. This is equivalent with
solving the simultaneous equation prepared in the previous step when

demand is altered reflecting all the scenarios in energy-saving.
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In this methodology, there are a number of assumptions involved.
For example, it is assumed that the process inventories such as yield,
efficiency, and emission factors are kept constant before and after the
investigated change in product demand occurs. The change is realized
only by how much respective processes are operated. For example, when
gasoline demand decreases, cracking processes will be less used until the
change is not any more absorbed without influencing the amount of other
products produced. In reality, by changing the operation conditions, yield
and efficiency can be adjusted to a limited extent.

If demand is changed in the future, petrochemical industry will
adjust production capacities and functions by additional investment. This

is not dealt with in the current version of the model.
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Figure 2-32 Typical petroleum refinery in FPCC
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Calibration

From Figure 2-34, we can see that petrochemical systems are quite
different in yield and efficiency for different countries therefore it is

important to use country-specific model.
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Kerosene
Diesel
Fuel oil
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Figure 2-34 Errors of simulated productivity before (in blue) and after
(in red) calibration. P: Petroleum, LPG: liquefied petroleum gas, a:
benzene import, b: toluene import c: xylene import, d: ethylene import, e:

propylene import, f: butadiene import
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GHG calculation

Contribution of various fuel saving technologies are used as input
information to the model, together with the changes in future power
plant operations induced by various electricity-saving technologies.
Figure 2-35 highlights the difference between the results from our model
and the results when using emission inventories from LCA database. Not
only that the heights of respective bars are different, but also there are
maximum reduction limit. This is because actually refinery processes are
not individual as modeled in LCA — the products are coproduced, and the
fraction of coproducts are not entirely controllable. A balanced reduction
in fuels, rather than a reduction strategy concentrated on a certain
petroleum products will be favored in reality, and our model successfully

simulates such situation.
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Figure 2-35 Comparison of GHG emission reduction estimation for
reduction of production of individual petrochemical products. Our model
(upper) and conventional LCA result (lower). TL: toluene, BZ: benzene,
K: kerosene, XY: xylene, B: butadiene, LPG: liquefied petroleum gas, D:

diesel oil, FO: fuel oil, E: Ethylene, GO: gasoline oil
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2.4.3 Simulating future power demand from the scenarios

Creating raw future loading curves

First, the power loading based on current technologies, without any
technologies introduced is created. In this report, the total consumption
scenario serves this role. If there are more scenarios created in TC-1 for
example by assuming effects by higher energy cost (elasticity scenario)
or by education (energy saving lifestyle adoption scenario), these can be

reflected in the raw future loading curves.

Consideration of energy consumption technology scenarios

Next, any technology that changes the electricity demand will be
taken into account except for those that have load-balancing functions. In
this study, although reviews are made, there is no information on hourly
power consumption was obtained for the reviewed technologies. For
example, such information shown in the Figure 2-36 is needed for each
seasons defined in POM to assess improvement in air conditioners,
refrigerators, etc. Up to date information on such items were not found
for Taiwan. Therefore, all the baseline sub-scenarios for energy
consumption technologies were set as one that do not influence future

power demands.
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Figure 2-36 Power demand structure in a household. (Taken from
http://www.energy.kyoto-u.ac.jp/english/professional/socio/energy and

environment.html)[22]
Consideration of load balancing technology scenarios

Once the EV is introduced and managed, the electric energy charged
in EV’s battery could be discharged during the peak loading period. In
this way, the curve is leveled and becomes more flat. This makes it
possible to use only the newer, more efficient power plants at a higher
capacity factor. Some expects electric vehicles to become a key element
for its load balancing capabilities. Another key characteristic in the
power grid is the demand response function, which influences the quality
of power supply. If batteries can serve as energy storage method, hydro
power plants may be used more for this purpose, thus works positive in
maintaining the stability of voltage and frequency of power supply.

The smoothing and storage mechanism requires proper management

of the electricity demand and supply. This could be achieved by the
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integration with smart grid[23]. Figure 2-37 shows the feature of smart
grid. The figure illustrates use of renewable energy integrated with
advanced metering infrastructure equipped in houses and buildings,
which can simultaneously sense the fluctuation of power supplied to the

grid and charge/discharge power.

Renewables’ integration Demand/storage capacity
\ T
m '
% . Ll
L MT‘ &Y | 4 . < ﬂ
EAN <5 1

Advanced metering
&_ Grid monitoring and management infrastructure

Figure 2-37 The integration of renewables, EVs and smart grid

Here, we present a simple design scheme for EVs use in the smart
grid, to roughly estimate its contribution in load balancing. The design
criteria are shown in Table 2-12. The data are taken or calculated from
literatures[24] (Automotive Research and Testing Center).

As a realistic constraint in the operation of EVs in the smart grid,
the tolerance level [25, 26] of the battery’s state of charge (s.o.c.) is
important. Batteries release energy more easily when their s.o.c. is above
the tolerance level. In order to assure the stability of using EVs for
transportation, the s.o.c. is set throughout the use in a day, not to fall

below the tolerance level.
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Table 2-12 Parameters used in the calculation of load balancing effect by

EV [11, 27]

Characteristics of EVs
Capacity 75000Wh
Tolerance level of charging | SOC=30%

Electricity consumption 250Wh/km
per kilometer

Driving pattern

Velocity 40km/h
Time to/off work 1 hour
Destination Max(Wh)
Company 17,600Wh
Mall 10,000Wh
Rode side 50,000Wh

In this design scheme, optimization technique is used to level the
load curve. Objective function, design variables and constraints are

described as follows:

Objective function: Minimize the variance of the grid loading
24

mino? =>" (x-x)?
i=1 eg. 5

The electricity load after levelization x;=E; + (y; — yi—1) eg. 6

x; = electricity load at i"™ hour

E; = original electricity load at i"™ hour (is also set to be the electricity demand)

y; = the electricity remained in the battery

Design variables: the electricity recharge/discharge per hour

= y; —y;i—1 (+:recharge; -: discharge) eq. 7
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Constraint:
1. The hourly dis- /re-charging may not exceed the capacity of the

plugging equipment.

[Vi—Vii| = KmaXges eq. 8

Destination Kmax Description

(dest) (Wh) **
Company 17,600 220V x 80A

Mall 10,000 ThELRHTA RTE T R T[28)

Road side 50,000 T LR RN DA B R [29]

2. The state of charge (SOC) of battery during commuting would be

kept above the tolerance level (= 30%).

e 503
ymax eq_ 9

¢ = 8, 17 (when destination is company)
¢ =10, 19 (when destination is mall, roadside)

3. The total dis/recharging power in a day of the battery should be 0
24
D> (Y= ¥1) =0 (+: recharging; -: discharging) eg. 10
i=1

4. EVs are leaving home with full SOC every day.
Y. = Y. (=75,000)
¢ =8(company),10(mall, roadside)

5. One commuting trip (one way) requires 10,000Wh
= (40 km/hr) x (250 Wh/km) x (1 hr)
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No re- / dis-charging happens during commuting hour.

yC - yC+l :10’000 eq 11

¢ =8,17(company)
¢ =10,19(mall, roadside)

Using this kind of model, it becomes possible to illustrate how much
the energy technologies influence the operation of the entire power

supply system, and how the technology will be used in the society.
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Chapter 3 Result and Discussion

The power and fuel demand was calculated consistently combining
the sub-scenarios developed. To demonstrate the scenario analysis using
this framework, an example of evaluation of EV technology in GHG

emission reduction is shown as a result here.

3.1 Situation without EV promotion

3.1.1 Results from POM

Using the baseline sub-scenarios in energy consumption sector
except for the TR-1 (Electric \ehicles), power demand projection was
made by PDPM. Using the projection, together with baseline scenarios
in EC-1 and EC-2, power mix was simulated for the year 2020 as
illustrated in Figure 3-1.

Here, gasoline consumption, fuel oil consumption at the power
plants and greenhouse gas emission from the vehicles and the power
plants are estimated for the case when EV is absent. Gasoline
consumption is calculated on the basis of ICEV (16 km L™) or on the

basis of HEV (20 km L™).
3.1.2 Results from COM-Petro

The COM-Petro calibrated on the basis of Taiwanese Petrochemical
Industry in 2011 calculated the baseline greenhouse gas emission under

the current proportion of supply.
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3.2 Situation with EV promotion

3.2.1 Results from PDPM

Figure 3-2 shows the use pattern of EVs for commuting to a
company on summer weekday. Figure 3-3 shows the pattern on the
summer weekend, for the EVs that go to mall for shopping. Patterns as
shown in these two figures are created by PDPM, together with the
power load curve after load balancing by EVs (baseline scenario), as
shown in Figure 3-4. With the same number of EVs, depending on use
patterns determined by completeness of the infrastructure, the load

balancing achieved could be quite different.

3.2.2 Results from POM

Figures 3-5 and 3-6 show the results from POM using the outputs
from PDPM. In Figure 3-5, the increase in coal and combined cycles are
observed. This is reasonable as they are used as middle base. In Figure
3-6, a substantial decrease in hydro pump utilization is predicted. This is
because the load balancing function provided by hydro pump is replaced
by batteries on EV. The demand response capability of hydropower
generators in general is very high. Therefore, EV may allow more room
for hydro pump generators to work on stabilization of the power supply,
which is a concern for future power supply system where more PV and

Wind power systems are connected.
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From the results, changes in fuel oil and gasoline demands are

obtained in comparison with the results from 3.1.1.
3.2.3 Results from COM-Petro

Using the results from the previous section, greenhouse gas
emissions in fuel production sector are calculated. In Figures 3-7 and 3-8,
the simulated process flows in the model for the two scenarios in EV

infrastructure is shown.

3.3 Discussions

The changes in GHG emissions from the three sectors, induced by
the EV scenarios, are summarized in Figure 3-9. In energy conversion
sector, because of increase in electricity generation for EVs, emission of
GHGs have increased. The most of the increase occurred both in LNG
combustion in Gas combined Cycles and then in coal combustion in Coal
fired power plant.

In energy consumption sector, on the other hand, gasoline
combustion is avoided. This results in reduction of GHG emissions,
comparable but slightly more than the increase in energy conversion
sector.

In fuel production sector, greenhouse gases emission reduction from
simultaneous reduction in gasoline and heavy oil consumption is
evaluated using COM-Petro.

By comparing the three, it becomes possible to say, that in cases
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where infrastructure for EVs to charge and discharge to contribute in
load balancing is complete, if the vehicles replaced by the EVs were the
ones with mileage at around 16 km L™, it will result in a slight reduction.
However, the vehicles replaced by EVs were as good as 20 km L™, the
emission reduction is not enough, therefore emission will increase in
total. Although we can expect more reduction due to domestic surface
transportation of fuels, emissions from ship to transport petroleum to
Taiwan, and at mining, the GHG emission reduction is not apparent in

the scenarios we have explored.
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Figure 3-9 Summary of changes in GHG emission calculated using the proposed framework.
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Chapter 4 Long-term visions

In the previous chapter, we have demonstrated use of a technology
assessment framework that evaluates how energy saving technologies
can contribute in GHG emission reduction. The proposed framework
does consider the practical details of changes in GHG emission that
occur in power generation sector, petrochemical sector, and energy
consumption sectors.

To understand the role of technologies, in this chapter, we conduct a
preliminary long-term energy supply/demand analysis using POM. By
having a rough grasp of the trade-off between the growth in per-capita
energy consumption and additional power generation capacity needed,
we can understand how much role technology and lifestyle change have
to take.

In doing so, first we accept the Taiwan’s population trend (Figure
4-1) in the future as a basic assumption throughout the analysis. Next, in
addition to the long term energy supply outlook by Taipower, we create
alternative energy demand growth scenario (NCKUESEL) as shown in
Figure 4-2, by assuming our scenario on development of per-capita
energy demand shown in Figure 4-3. We can see that in Taipower and
NCKUESEL scenarios, electric power demand hits the peak in 2044 and
2029, respectively. In both scenarios, 2050 is already beyond the peak of
the electricity demand.

Next, we use PDPM to generate the hourly load curves for
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POM-seasons in 2044 (Taipower scenario), 2029 (NCKUESEL scenario),
and 2050 (Taipower scenario, NCKUESEL scenario). Then POM is used
for the respective curves to see how much additional power generation
capacity needs to be added from 2020. Here, the additional power
generation capacity is assumed to be provided 50% by Coal-fired steam
power plant and another 50% by Natural Gas-fired Combined Cycles.

Note that 2020-2025 is a critical time, because in our scenario for
evaluation of EV, No.1 nuclear power plant is extended and still in use. It
must be retired very soon, so we assumed it should retire during
2020-2025. According to current Taiwan policy, nuclear power plants
should retire after 40 years of operation, and no more new nuclear power
plants will be constructed. In this case, No. 2 and No. 3 power plants
should also close during this period. In this calculation, we assumed that
in 2020 all No.1-4 nuclear power plants are operating, but in 2029, 2044
and 2050, only No.4 nuclear power plant is operating.

The results are summarized in Table 4-1. The difference in

additional power generation capacity needed is quite large.
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Table 4-1 Comparison of the Taipower and ESELNCKU scenarios

Peak year 2050
(Nuclear=2.7 GW) (Nuclear
2020 2029 2044 =2.7GW)
Nuclear 7.84
Taipower il 2.00 - +19.6 +18.27
Coal 13.20
LNG 0.55
GCC 14.56
NCKU | Diesel 0.22 +11.41 : +6.95
ESEL | Hydro (Taipower) 1.75
Hydro (IPP) 0.29
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Chapter 5 Conclusion

Here in this report, we have shown the overall framework of
constructing the roadmaps for energy saving, low carbon technologies.

COM-Petro and POM is used to evaluate carbon emission reduction
from power plant and petrochemical refineries. The two models are
integrated to calculate greenhouse gases emission in a consistent manner.

Scenario development models for penetration in the market are
needed. Some of such models are prototyped under this project. However,
these models are more time consuming, and require large-scale surveys.
Therefore, development of a decent model for scenario development is
considered as a following study.

In the long term energy structure analysis, the importance of
technology for energy saving together with lifestyle change is
highlighted. It is suggested that a longer term scenarios on technology
development should be constructed, thereby the contributions in GHG
emission should be further separated into those from technology and
from lifestyle. Another suggestion is to integrate the models we
developed with studies on modification of industrial structures.
Considering that the retirement of nuclear power plants are approaching
quickly, these studies must be done with ample investment of funding,

and conducted by a good network of researcher’s.
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Appendix 1 - Interview Record (Heat Pump Boiler)
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Appendix 2 - Interview Record (Heat Pump Boiler)-2
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