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INTRODUCTION
Prior to 1985, questions could be entirely numefince

The following are examples of questions which eitrere  that time there must be at least 30% descriptiventure
been used in previous examination, papers, weed irs adequate spread of marks.

the mock papers issued when the course ran thdifirs,

or have been adapted from the original examinationFormat of the Exam this Year

question to bring things up to date. You shouwterthat
the actual content of the course do change slighdign

year to year as new developments take place, amg# so . .
older topics are dropped. Consequently, somehef t required to answer THREE questions one from

topics listed may not have been covered this yadhere ~EACH SECTION, and that EACH question is to

a question is no longer valid (or part is not valithis is € answered in a separate book.
indicated in the question).

Please note that in the EXAM this year you will be

There will be one section of 30 minute questions
The present course number ENV-2D02 dates from 2002which is entirely descriptive (you choose one goest
The previous course number was ENV-2B14 (from 1994)from three). One section (30 minutes)will have
and prior to that, ENV 278. You should note that alb  numeric questions with descriptive riders (chobseom
questions on previous papers can be attempted dyago 2y The final section will have one hour questions.
content does change for year to year. Sometirpes; of A east one of these will be entirely descriptivene will
a question is still relevant. Comments are mademwh pave a numeric component (60-70%), while the thiegy
questions like this appear. Prior to ;987, therge Was  or may not have a limited numeric component, or
part of ENV 217 Resources and Society, and prid988  jjternative give figures which are intended to fogaur
there was a whole unit Energy and Society. In @i  5rgument rather than do much, if any, calculatidrhis

years the lengths of questions have_not always_men format gives the option of doing a minimum of 17%
same as now. There have been 30 minute, 45 mian®, n,meric to a maximum of 51% numeric on the exam.

1 hour questions. The detail expected of an anslgarly
depends on the length that was given.

HALF HOUR DESCRIPTIVE QUESTIONS:-

1. It is often stated for British cities that thealh density requirement is too low to make largdes€HP viable. With
reference to the relevant Energy Papers and yourexwerience critically comment on this statement.

Briefly summarise the different techrpés associated with combined heat and power gik@ygadvantages and
disadvantages of each.
[ENV-278 Exam 1992 - Question 1]

3. Describe the likely effects of the implentation of a carbon tax on the pattern of enesgfmostly covered in
ENV-2D06 now - not relevant in 2002]. [ENV-278 Exa 1992 - Question 2]

4. Briefly describe the main changes in thélding Regulations over the last 30 years in the waat they have
affected the use of energy. To what extent have been effective in promoting energy conservatiowhat
further changes would you recommend to these régotafor the coming decade?

[ENV-278 Exam 1992 - Question 3 - see {lgn questions in subsequent years].

5. Outline how you would carry out an Eryefgalysis study.
What difficulties and advantages are there in sachlyses when compared to economic appraisals exygn
projects?

6. What is meant by the terms:-

i) Energy Efficiency, and ii) Energy Conseroati

Explain why policies to promote Energy €ervation measures and Environmental issues in kheduld lead to
an increase in the consumption of electricity.

7. What factors affect an individuals p@tocen of thermal comfort. Indicate how the usd-ahger's Theory could be
incorporated into energy management strategies.
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8.

10.

11.

12.

13.

14.

15.

Technical methods to achieve energy condervaire often not cost effective, and in some saxften fail by a
considerable amount to achieve the saving whicbréiigally may be predicted. Explain with exampldsy this is
the case. What effect might this have on futuneegoment policy towards energy conservation?

Explain the differences between BACK PREBEUand ITOC (intermediate and condensing) turbin&fat are
the advantages and disadvantages of using thesype® of turbines in combined heat and power sels@m

What scope is there for reducing total gnelemand for road transport in the UK over thet i2éxyears?

Your attention is drawn to the statistics in the fggeData Sheet which you may wish to consult wheswaering
this questionfvery much follows the practical done in Week 1 an&eminar in Week 4].

In November 1993, Eastern Electricity ldnetta new tariff for Domestic Consumers called Eoond0. How
does this differ from the established Economy #ftalComment critically on the Advertisement for EBoony 10
indicating the benefits to the Consumer in both Beoic and Energy Conservation ternislot relevant as tariff
is no longer in this format - however a derivativeof this relating to deregulation might be relevant]

Distinguish between the various meanirfgheterms Energy Efficiency and Energy Conservat8ince 1973, the
UK has had by far the lowest growth rate in Eledtiriconsumption of any OECD Country despite the that the
consumption per capita is below the average. Thisften cited as an example of the reluctance ®fUK to
embrace Energy Conservation Technologies to the fikplain this apparent contradiction giving exarspté
where increases in consumption will occur if the Bidopts these newer technologiesThis question was valid
until late 1980's, since then there has been a sificant growth in electricity in the UK, and the question
would be rephrased].

Briefly summarise the power stations sioiss which are thought to contribute to the 'eskdrgreenhouse effect'
and 'acid rain' issues. Comment on the technolbgicmirements, environmental impact and feasjbiit treating
the effluent gases causing 'acid raifthis is now part of the ENV-2D06 course]

You are appointed as an energy managex fimiversity. What would be your most importanibpties regarding
the use of energy in your new post? Use your kadgé of the University of East Anglia to illustrgtaur answer.
[a related question to this one appeared as a
Energy Analysis was a technique winels widely promoted in the 1970's. How does tfferdfrom economic
analysis? Discuss why the technique is little usaaadays.

HALF HOUR NUMERIC QUESTIONS

What information can be obtained from aergy Balance Table?

What difficulties are encountered when comparing énergy consumption in one country with that riother.
What conventions are used to overcome these diftsy and how does the use of these conventi@tisrtdthe
situation in some countries?

From the Energy Balance Table providetimase the thermal efficiency of power stations.hat/proportion of
electricity was generated from the different typdspower station, and what proportion of electyicivas
imported?
[this question was summarised in and use an example the lectures - set in 1994]

Solution  This question has at least four answ&depending on assumptions made.

From final column, total input to electricity geators is 31379 million therms, and since thenariy electricity is
declared in terms of equivalence if generated tineamal power station, this figure may be useddiy with the
figure of 10940 million therms (Electrical output) give an overall thermal efficiency of:-

10940/31379 = 34.86%

Method 1: A simple approximation is to assume that all thénpaaver stations have the same efficiency

i.e. the amounts of electricity generated by eanirce are proportional to the inputs, and thataeve
factor can be used to determine the electricityegeed by each type of power station.

1
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Power Station Fuel Input (million Thermg)  Electgoenerated Proportion
coal 19744 6882.8 62.9
gas 467 162.8 15

oil 3025 1054.5 9.6
nuclear 5932 2067.9 18.9
hydro 535 186.5 1.7
imports 1676 584.3 5.3

Method 2: However, a more correct solution is to recognisg @CGT stations are 40% more efficient than other
fossil fuelled stations. To proceed we need torsdpahe fossil fuel component from nuclear

The total equivalent primary electricity input i9R + 535 + 1676

So net input of fossil fuels = 31379 - 8143

and this will produce 23236 *0.3486 = &1fillion therms

if 22 is the efficiency of coal and oil fired powertstas, then
(19744+3025p2 +467*1.4*x» = 8101

This gives an efficiency for coal and oil of 34.59%td revised table becomes:-

= 8143 million therms
= 23236 millittmerms

Power Station Fuel Input (million Thermg) Electydenerated Proportion
coal 19744 6829.4 62.4
gas 467 226.0 2.1

oil 3025 1046.3 9.6
nuclear 5932 2067.9 18.9
Hydro 535 186.5 1.7
Imports 1676 584.3 5.3

Method 3: If it is recognised that because of the low loattdaof oil fired stations, their efficiency is @t
90% of the coal fired ones, then:-

19744 *2% +3025* 0.9 *2 +467*1.4*x = 8101

Efficiency of coal fired power stations now becor8&904%
Power Station Fuel Input (million Thermg)  Electyoitenerated Proportion
coal 19744 6918.3 63.2
gas 467 229.0 2.1
oil 3025 954.0 8.7
nuclear 5932 2067.9 18.9
hydro 535 186.5 1.7
imports 1676 584.3 5.3

Method 4: This is the same numerically as method 1, but eitiglidiscusses the fact that while the CCGT
stations are 40% more efficient than oil or cotlle open circuit Gas Turbines are less efficient,
and that at 1991, the proportion of electricigngrated by CCGT was low and the consequential
effect is for the improved efficiency of the CCGitsbe cancelled out by the OCGT's This
situation will change rapidly over the next few ggas the proportion of OCGT's will be low.

Marking scheme

Full marks on numeric part cannot be obtained by metod 1. Recommended maximum
marks for correct answer to numeric part ex 60:-

Method 1 =~ - 45
Method 4 = ——----- 50
Method 2 @~ - 55
Method 3 = ——-mmmm- 60

[A version of this was covered in the lectures]
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2. An old cottage has walls made of stone 300 niok #ind single-glazed windows. The roof currenthg la limited
amount of insulation giving an effective U-value®b0 W m-2 °C-1.

The energy efficiency of the cottage is improved ibgreasing the loft insulation by 100 mm of fibgéass,
replacing the windows with K-Glass double glazed@suwhich also help to exclude draughts and redbeeair-
exchange rate from 1.20 air changes per hour @ dirGcchanges per hour. The inside of the walldiaeel with 50
mm of fibre glass and finished with 6 mm of plasbeard. Estimate, using the data given in the Tablthe
percentage saving in energy which will arise follagvthese conservation measures. Clearly statassymption
you make.

If resources were limited indicate the priorityuywould give to the different measures.

TABLE 1
material conductivity construction area ()

(W m30c-1y walls 160
stone 0.965 windows 20
fibre glass 0.040 roof/floor 80
plasterboard 0.100
component U-Value volume of house 400 n?

(W nmr20c-1 specific heat of air 1300 3 m3 oc-1
floor 1.0 internal surface 0.123 mPc w1
single glazing 5.7 resistance
K-Glass double | 1.8 external surface 0.055 mPc w1
glazing resistance

[this is relatively straight forward - but rememiltiee trick shown on the field course to minimiseocaint of calculation]

Solution
First the existing and new U-values for the walld aoof must be computed

Internal and external surface resistances are @a@3.055 W m-2C -1 respectively.

Walls:

resitance before insulation = 0.123 +0.055 + 09%5. = 0.489 m2 oC W-1.

resistance after insulation =0.123 +0.055 + 0985 + 0.050/0.04 +0.006/0.10 = 1.799 m2 oC W-1.

Hence U-values are 2.045 W m-2 oC-1 and 0.5560-®/0C-1 respectively

Loft:
1 0.1
—— 4+ ——=4.50
Existing U-value is 0.50 so new resistancd=5C 0.04 m2 oC W-1.
and new U-value is 0.222 W m-2 oC-1.
The existing heat loss rate is
160 x 2.045+20x5.7+80x 1 + 80 x 0.50 G-40L.2 x 1300/3600 = 734.5 WoC-1

and new heat loss rate is
160 x 0.556 +20x1.8 +80x1 +80x0.222400x 1 x 1300/3600 = 367.1 WoC-1

so saving is 367.1/734.5 = 49.98% i.e. 50.0%
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3.

A secretary in the University spends nudster day seated in a draft free, north facmgm. Her metabolic rate is
60 kcal hr-2m-2, and she wears clothing whosamnhgéresistance is 1.0 clo. The secretary regutaiyiplains to
you as Energy Manager that she is cold.

You note that the thermostat in her room is colyemtljusted to the air temperature af@9and that the average
mean radiant temperature is°C8 In an identical south facing room the averageamradiant temperature is
consistently 2C higher. Through out the building the relative ity is 50%.

What action would you take in response to theseptaints?
[this was largely covered as an examplethe lectures]

Data giving the mean daily consumptioreleictricity in a house in which gas appliances suppe space heating,
water heating, and cooking are presented in TablB&frigeration accounts for one-third of the nmying load.
Lighting is required, on average, between sunsetnaiddight each evening, and also between 0700 andsg.
The householder replaces all lamp bulbs with lowrgndittings which consume only 25% of the enerdythe
original bulbs. In an attempt to conserve enethg, householder also purchases new refrigeratigliamges
which reduce the load by 20W, and encourages itdnabito be careful in the use of energy.

Evaluate and critically review how effective the kehbiolder has been in reducing energy consumption.

TABLE 2.
Month sunset sunrise Electricity Consumption
(GMT) (GMT) before conservation after conservatiof
(W) (W)
June 2000 0400 410 370
May/July 1930 0430 416 371
April/August 1845 0515 426 373
March/September 1800 0600 435 375
February/October 1715 0645 444 377
January/November 1645 0730 460 380
December 1600 0800 473 383

[ see lecture notes for solution - ENV-278 Exam 29 - Question 4]

5. Briefly explain how a heat pump works, sumsiag the key advantages and disadvantages ofateus sources of

low temperature heat.

Two alternative heating systems are under considary a householder living in East Anglia. Onegiloiity is

for a gas boiler with an overall seasonal efficien€ 74.2%, the other is for an air to water heap. The latter
has an isentropic efficiency of 50%, an evaporatioich normally runs at & below ambient temperature, and a
condenser which operates®@C0above the heat delivery temperature di50The mean ambient temperatures are
given in Table 3.

TABLE 3.
Month Mean Temperature 0Q)
January/February 3.0
March/April 5.0
May/June 12.0
July/August 14.0
September/October 11.9
November/December 5.0

Estimate the mean percentage saving in Primary Ertergys (based on the 30 year data) from using aheap
as opposed to the gas boiler if the Primary EnergtyoRof the delivered energy is 2.96 for electyicnd 1.06 for
gas.

[ENV-278 exam 1992 Question 5]
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Solution

Note you do not need to know the heat loss rateeonumber of degree days - these cancel out.

Step 1:
work out the COP for each pair of months - rememtiiat the evaporator T1 temperature is 100C lohan heat
source and condenser is 100C higher thank heatisdppAlso remember to convert to degrees absdyte
adding 273. Hence work out annual average COR7&s 2 [This is a simple average - a weighted aaeitgking
account of different number of days in each motgh give 2.72.]

Temperature |effective evaporatq effective Theoretical Actual COP
temp (T2) condenser COP
temp (T1)

3 266 333 4.97 2.49

5 268 333 5.12 2.56

12 275 333 5.74 2.87

14 277 333 5.95 2.97
11.9 274.9 333 5.73 2.87

5 268 333 5.12 2.56
Annual Average 2.72

Let X be heat loss rate, and D be number of degrge d
Then primary enenrgy requirement is

X.D.x 86400/ 2.72 *2.96 = 1.088 * 864D
For gas primary enenrgy requirement is

X .Dx86000/0.742*1.06 = 1.429 * 8640(D
So percentage saving =  (1.429 - 1.088)/1.4290E 23.9% saving

6. One detached house, having a roof area wi25Gas no loft insulation, while a second housglésntical in all
respects except it has 100 mm of fibre glass ihsftiiation.

Both houses have their roof insulation upgradetis@mm at a cost of £20.00 per cubic metre of fiess. If the
boiler is 75% efficient, and fuel costs £5.00 pel, ®xamine the cost effectiveness of the schenrethéotwo
houses.

Comment on your results, and in the light of pregicEnergy Conservation Grants, indicate how you migh
reformulate the regulations concerning such grants.

7. Briefly describe how a heat pump works.

A house in Arizona has a heat loss rate of 300 WL@@d incidental gains amounting to 1500 W. tasled by a
normal vapour compression air-conditioner to ensheg the internal temperature in the house is k@5 oC
during the summer months. The isentropic efficiencthe air-conditioner is 50%. Estimate the enarggsumed
during the cooling period. You may assume thatrahths have 30 days to simplify calculations. eDafating to
external temperatures are given in Table 1. Thematqr operates at 100C below the thermostat getthile the
condenser operates 10 oC above the external tetapera

Table 1.
Month Mean External Temperatur®Q)
January/December 12
February/November 16
March/October 20
April/September 24
May/August 32
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| June/July | 37 |

SOLUTION

Free temperature rise from incidental gains = 5800 = 5 oC
Thus add 50 C to all external temperatures taméte neutral/balance temperature
All months in which temperature is above 25 oquine cooling - i.e. April - September
Evaporator Temperature = 273 + (25 - 10) = K88
Cooling requirement = Temp diff (ext - int) * 300 1500 (incidental gains)

Month Mean Effective Mean Effective Carnot actual cooling
External Internal external condenser | efficiency | efficiency | required
Temp Temp €C) temp (K) temp (K) (kW)
(°C)

January/December 12 17 no cooling required

February/November| 16 21 no cooling required

March/October 20 25 no cooling required

April/September 24 29 297 307 15.16 7.58 1200

May/August 32 37 305 315 10.67 5.33 3600

June/July 37 42 310 320 9.00 4.50 5100

T2
COP (air con not heat pump) #1712 ... NOTE not T1 on numerator

. Z cooling requirement no of days* sec onds in day
Total energy required = COP
= (1200/7.58 + 3600/5.33 + 51@0%)*30*2*86400= 10.20 GJ
[this is very similar to worked example in sectiorl4.11 of handouts]

8. A house in Arizona has a heat loss ra@06fWm-2 oC-1, and a window area of 20 m-2. Therirdl temperature is
kept at 250C while the mean external temperatusr the period from 1st June to 1st September i££38bhe
windows are replaced by double glazed units. Edenthe original energy consumption in primary ggeerms
and also the percentage saving given the followletg.-

overall primary energy ratio of electricity:-3.00

the effective inlet and outlet temperatures ofahreconditioning unit are 100C below the interreadd 130C above
the external temperatures respectively.

Isentropic efficiency:- 50% Continuous Fan Power for air-circulation 375 W.
What alternatives are there for cooling such adinug?

The solution to this is somewhat similar to questio 7

9. Describe ways in which the ventilatimte in a building may be determined. Why arentilegion rates not
included in the current Building Regulations evieaugh this is one of the most dominant aspect®af loss from
a building?

A room in a single storey building is 4m x 4m iampand 2.4m high. It has one external wall witirle glazed
window 1.6m2 in area. On a day when the exteamaperature is 00C, the building is heated unifdisnia 200C.
In an experiment the determine the intrinsic stradtventilation rate, the gaps at the edges efwindows and
doors were sealed and supplementary heating of ¥80@as supplied to the room. After two hours tbem
temperature stabilised at 250C. Estimate th@sitr ventilation rate in air changes per houh# specific heat of
air is 1300 J m-3 oc-1. U-value data are givehahle 2.
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U-Values (W m? oc1
External Walls 1.0 Floor 1.0
Internal Walls 2.5 Window 5.0
Roof 0.2

Continuity equation:-
supplementary heat - heat losses to outside + hdasses across internal walls = ventilation losses

The solution is best in tabular form

Area (m?) U-value (W m2 oC-l) Temperature| heat lost (W)
difference

internal heat transferq - 28.8 2.5 5 360
3walls 4x2.4m
external wall transfer 8.0 1.0 25 200
window transfer 1.6 5.0 25 200
roof transfer 16.0 0.2 25 80
floor transfer 16.0 1.0 25 400
Total conductive lossgs 1240

So ventilation losses = 1500-1240 = 260 W
but volume of roomis 4 x 4 x 2.4 = (38.4 cum)d a@mperature difference = 250C

so ventilation loss = 38.4 x 25 x 1306 / 3600 cka =260
I

seconds in an hour

so number of air changes per hour = 0.75

[an example of this was also given in lectures, drsome people may also do this experimentally oneh-ield
Course]

What is meant by the balance temperaturehmiuse?

A house is electrically heated and has incidegairis amounting to 500 W and has its thermosteaats2®oC. The
mean consumption of energy for the house is showlrable 5. Energy conservation measures redudeeifiteloss
rate by 50 WoC-1. If the mean external temperatwes the heating season of 240 days is 80C, awtithe new
total consumption over this period

Mean Weekly Temperature Mean Consumption
oc kw
0 8.75
4 6.75
8 4.75
12 2.75
16 1.00
18 1.05
20 0.95

Table 5



N.K.Tovey ENV-2D02 Energy Conservation Exam Questions prior to 2000

11. The consumption of gas in a centrally ééditouse in East Anglia is show in Table 6. Therimal temperature of
the house is kept at 19.50C. Conservation measedese the heat loss rate to 450WoC-1.

Estimate the new balance (neutral) temperaturetlamdeduction in the typical annual consumptiothd thermal
efficiency of the boiler is 75%.

Mean Weekly Temperature Mean Consumption
oc kW
2.0 7.75
5.0 6.25
8.0 4.75
11.0 3.25
14.0 1.75
17.0 1.00
20.0 1.00
23.0 1.00

12. The new generation of power stations arstrocted using combined cycle gas turbines. Howhése differ from
conventional power stations?

A combined cycle gas turbine is designed as pa# obmbined heat and power system which will suguth
electricity and heat to a small town. Data relatio the performance of the station is given inl&ab

Estimate the overall efficiency of energy convemsend supply. In your answer you should includéow
diagram to account for all the losses.

Table 2.

Inlet temperature to gas turbine 11279C
Exhaust temperature from gas turbine 6790C
Inlet temperature to steam turbine 5470C
Condenser temperature 969C
Combustion losses 10.0%
Isentropic efficiency of both turbines 75.0%
Generator efficiencies 95.5%
Station use of electricity 5.3%
Distribution losses on heating mains 10.4%

First work out efficiencies of two turbines usifogmula:-
- T, -T, .. . -
efficiency= % * isentropic efficiency

1
(1127 + 273) — (67¢ + 279)

*0.75=024
gas turbine _ (1127+ 273
(547 + 27%) = (96 + 279), 1 2c_ 4195
steam turbine (547+ 279

Now consider gas turbine

1 unit of fuel in has 0.10 units lost in damstion and of the 0.9 remaining, 0.9 * 0.24 isnated to
mechanical energy in the gas turbine = 0.216uwmith 0.684 units rejected as waste heat to thetent@eat boiler. Of the

0.216 units of mechanical energy, 0.206 produdestreeity with 0.01 units lost in the generatoiThis position is
summarised in the diagram below
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combustion losses 0.10 units

0.010 units generator losses

Fuelin
0.216 k
—_— X

~—0.206 units electricity

1.00 units 0.013 losses
0.282 0.269
turbine electricity

0.042 units
distribution losses

0.380 units
heat delivered

In the steam turbine, 0.684 * 0.4125 units oEhamical energy are produced = 0.282 units

while 0.684 - 0.282 = 0.402 units of heat areatgjd to the condenser.
from the mechanical energy, 0.282 * 0.955 unifitslectricity are produced = 0.269 units witBIB units lost in the

generator
of the 0.402 units of heat available 0.402898.= 0.360 units are available as useful heatggrefter distribution

losses.
finally of the 0.269+ 0.206 = 0.475 units of ¢t@mal energy, 0.475 * 0.947 = 0.450 units areilalde to be sent out

and 0.025 units are used on the station itself.

useful electricity + useful heai delivered
fuel input

overall conversion and supply efficiency =
= (0.450 + 0.360) *100 =81.0%

There are other worked example shown in the teatotes which is also typical of what might beigetn exam.

ONE HOUR QUESTIONS

Descriptive

1. Describe how a heat pump works. Comparélifferent types of heat pump giving the advantaayes disadvantages
of each type. Give examples of where the heatppisra particularly effective form of heating.

In new houses heat pumps are attractive if chaagesnade in the design of conventional heatingegystin the
domestic market. How would these improve the parémce of heat pumps?

2. Describe the economic and institutionatibes to the implementation of energy efficiencyasgres in the UK.
[ENV-278 Exam 1992 - Question 6]

3. Over the last 30 years the UK GovernmentEmergy Supply Industries have attempted whenpwessible to meet
the demand for energy rather than introduce methodsontrol such demand. Discuss the advantagds an

disadvantages of this approach. Cite techniquéshwhay be used to control demand.
[ENV-278 Exam 1992 - Question 7]
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4.  Explain why energy conservation has neeeome a major component of UK energy policy.

5. Describe the differences between BACK-PRESSEWRd PASS-OUT turbines. Indicate the advantages a
disadvantages of using both types of turbine inlmoed heat and power stations.

Critically review the main conclusions of EnergypBes 20 and 35 relating to Combined Heat and Power.

6. Formulate the basic aspects of an Energgyfr the UK for the next 30 years.

NOTE: This is largely a descriptive question. Tk figures are included to focus your
recommendation on specifics rather than generalit® In the answer you may need to do simple
calculations or plot graphs, but much of this is todeduce, for example what the extra 5 MW of
steam is needed for in winter.

You have just been appointed as an Energy Manatgire headquarters of a manufacturing employin@015
people in 10 locations across the UK, and have las&ed to report to the Board within two weeks tafting
outlining your strategies for Energy Conservatiothe coming year.

The manufacturing processes is concentrated dtehdquarters as are the central warehouses andsffrhe 9
regional sites are staffed on average by 25 seoffa® personnel. Manufacturing continues on e¢hshift
basis with 150 people employed between midnightG8aD, 450 between 0800 and 1600, and 300 betwa@h 1
and midnight.

The manufacturing process requires steam at 128o€,is supplied by an oil fired boiler which alsmyides
steam at a similar temperature to the primary rf@ispace heating. Demand for steam rises fronutaBdW in
summer to around 10MW in winter. The demand fecteicity varies from an overnight low of 0.5 MV@ t
around 1.5MW in the early afternoon and showslgttasonal variation.

Draft the report you will present to your Board.

8. Assess the feasibility of introducing cansgion techniques and renewable energy technadgi¢he U.K. by the
year 2020 and their respective impacts by that date

Original question specified 2000. Date has been extended!.
[theissue of renewablesis not relevant - and question set was when there was a single 40 credit course in Energy]

9. Explain the scientific principles on whicheoof the following energy conservation technoleggbased.
EITHER Combined Heat and Power
_OR Heat Pumps

Give specific examples of existing or potential laggtions of the technology and comment on the ecfiy, and
likelihood of, its more widespread introductiontire UK.

use of internal EITHER/OR options are now discouraged

10. EITHER
a) Carefully assess the effectiveness of therdy Efficiency Office in terms of its contributicdco improving the
efficiency of energy use in the UK.

we have only indirectly referred to EEO this year
OR
b) Examine why the discount rates to evaluatestments in the new energy supply and additiomadstments in
energy conservation differ, and assess the intjgitsi for future UK energy policy.

this question was set some time ago, but we have alluded to some of the issues here. The wording of such a

guestion now would be somewhat different perhaps on the lines [Discuss the advantages and disadvantages of
using different discount rates when assessing gmretgted projects].
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11.

12.

13.

14.

15.

16.

With the exception of the limited introductiofi load management schemes to industry, the &iégtsupply
industry has attempted to meet the full demancefectricity. What are the implications of suchdigy? What
are these load management schemes, and how dbelethe industry to meet the short terms demandgiat
future developments do you foresee which will misirfurther the effects of peak demand?

Until a few years ago the electricity supplgiustry in the developed countries attempted to rieefull demand
for electricity. What are the technical econonaiggd environmental implications of such a policy@céntly load
management schemes have been introduced on adlistgde. What are such schemes and how do thpythes|

industry meet short term demands. What future ldpmeents do you foresee to minimise the adversceffof
peak demand?

Describe how a heat pump works. Summéhnsadvantages and disadvantages of the diffeypastof heat pump.
Give examples of where the heat pump has beenutd be particularly effective in saving energy.

In new houses heat pumps would become more atteattthanges are made in the design of conventioeeting
systems in the domestic market. How would theggane the performance of heat pumps?

What measures have been or could be tak&orwich to control transport sector energy us&®v could
government initiatives help? What would be theiltésy benefits to Norwich?
[the year this was set the Transpartisar did focus on Norwich]

To what extent are the current (1994) UKidding Regulations an improvement over previoussiars of the
Regulations with regard to the conservation of gner Indicate how implementation of these Regafatireduce

energy consumption in the domestic sector? Whgpravements would you like to see in future varsiof the
Regulations?

What measures would you promote to coesenergy in the transport sector? How effectieethese likely to
be? In your answer you may wish to draw on infdioma in the Energy Data Sheets to reinforce yooppsals.

ONE HOUR NUMERIC QUESTIONS

1. Describe how an Energy Manager within a filmauidd undertake job to promote efficient use ofigge

A small industrial company which has a two shitirkv pattern (08:00 - 24:00) has electricity asoitdy supply of
energy and uses 100 GJ of energy each quarterpfiances and process work . Two energy consenvati
strategies are to be implemented. The first inv@hie replacement of all light fittings with lowergy light bulbs
which should consume only 20% of that consumecdbyotd lights.

The second is the installation of a Fgdvianagement system which the manufacture claimoald reduce heating

demand by 10%. The schemes are implemented abebening of the 3rd and 4th quarters of the year
respectively.

Data relating to the consumption of energgach quarter is given in Table 6. To whakeektave the energy

conservation measures lived up to expectation?

Quarter Consumption (GJ) Degree-Days Lighting Hours

First Quarter 359.20 1100 500

Second Quarter 229.60 554 230

After Installation of Low Energy Lighting

Third Quarter | 124.71 | 100 | 240

After fitting Energy Management System

Fourth Quarter 239.53 | 700 | 550
Table 6

[this is very similar to the example shown in lectres]
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2.

3.

Describe at least one method to simulatéhteemal performance of a building when the heasiygtem is controlled
by time switch.

A block of student residences is heated betweerhthies of 7am and 11pm by a heating system whishaha
maximum output of 1.2MW. The thermostat is seP@C while the ambient temperature remains constant
0oC. If the heat loss rate of the building is 28 &C-1 and its thermal capacity is 2.88 GJoC-1,

estimate the time taken after the heating comdsroite building to reach the thermostat leveltirgate also the
percentage saving in energy over a daily cycle. [ENV-278 Exam 1992 - Question 8]

[we covered a question similar to this lectures - see also question on 1998 paper]
(Hint: use a time interval of 2 hours)

As an Energy Manager in a large firm intBasglia, your salary is computed as follows. Aske £10,000 per
annum this question was set in 1986) plus 10% of the savings in energy costs arisimgnfthe schemes you
implement. The period for assessment of the saydgnatically corrected) is to be taken as theqokJanuary 1st
- March 31st each year with the starting year @4l9Describe the type of records you would keap¢ how you
would present them to the Board of your company.

You decide that in the first year, there are twiorngies to be tackled: first an awareness cagmaiand secondly
improvements to the roof insulation. You note tha% of the fuel costs are spent on space heatfiing. roof has
an area of 30000 m2, and the U-value is reducad #® to 0.5 Wm-20C-1. In the control period ir8B49he fuel

costs amount to £200000 at a mean cost of £5 per GJ

Following a fuel price rise of 10% the fuel costslie corresponding period in 1985 were £22500&tintate what
your salary would be in 1985, and determine tliectif’eness of your awareness campaign.

A Gas Turbine Power Station has a ratedimmax output of 110MW from two separate units whéothaust gas at
9500C. An overall efficiency of 23% has been aebiewith both units. Consideration has been gitethe
conversion of one or both units to combined hedt@ower operation. Three possible conversionesjias are to
be considered:-

[a numeric example similar to this was given in théectures]

the addition of a waste heat boilerhie £xhaust stream to heat district heating watée boiler could recover up
to 50% of the heat

the addition of a waste heat boilermagij to both raise steam for a back-pressure steanme and heat the district
heating water. Reject heat from the condensdsdsiwsed in the district heating scheme.
as (i) but with an ITOC turbine substiéad for the back-pressure turbine.

Outline how these three schemes might be incorpdriato the power station and briefly describe ddgantages
and disadvantages of the different strategies.

From 1998 onwards- time does not permit is to covethe remaining part of the CHP/thermodynamics
section relating to the temperature entropy chartsand the enthalpy - entropy charts needed to answehe
numeric part of this question as set below. A nunrie question could follow the analysis actually gign in
the final lecture on CHP. e.g. Use say 6000C tgpeam temperature and 1000C condenser temperature
with 70% in the exhaust gases available for raisingteam.

Actual question set

For option (ii), 19.4 kg of steam from the waste t& boiler is provided each second at 65T and 200 bar
pressure. The steam is 98% dry when it is fully catensed at 1 bar pressure. This steam raising doestraffect
the energy extracted directly to the heat main.

Estimate the overall efficiency of the plant operatig in both mode (i) and mode (ii).

Fig. 1 shows the demand for heat enenginé local area. Based on this information, wtstategy of operation
would appear the most logical to pursue.
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5..

What are meant by the terms 'Energy Coefficiemif &nergy Ratio'? How can they be used to prddictre
energy demands, and what are the main limitatiébtisese forms of prediction?

The figures in Table 1 give the temperature caoeabcEnergy Ratio (expressed in GJ per £1000 (1980
standardised prices)) for the years 1950-83. Camroe the trend of this ratio. To what extent hageent
conservation measures reduced demand, and wizenyjifis the magnitude of this saving when comp#oetb73
if the GDP in 1983 was £206.5 x 1097

What refinements to the above energy forecastiegnaeded to improve the accuracy of predictioriutire
energy demands.

Table 1

Year Energy ratio GJ/£1000 Year Energy ratio GJI©10
1950 57.1 1970 48.5
1952 56.9 1972 47.0
1954 55.7 1974 43.9
1956 54.2 1976 42.0
1958 52.8 1978 41.0
1960 52.3 1980 39.8
1962 50.6 1981 38.6
1964 49.0 1982 37.4
1966 48.5 1983 36.5
1968 46.8

[this question was set in 1985 - it is perhaps merelevant to ENV-2E02 now]

Explain the principles of a heat pump, and briglilscuss the advantages and disadvantages offteeedt forms
of heat pump.

As an energy consultant you are askextitose a householder on the choice of a new Igeatiit. A replacement
oil boiler would cost £750 and deliver two-thirdistbe energy contained in oil as useful heat. @hernative is
an electrically driven air-water heat pump whichulebcost £1500 and for which the following performa data
are available.

Mean external temperatut@ g 5 10 15
Coefficient of performance 2.39 275 3.11 3.47

The heating requirement for the house if 60GJapeium, while the mean external temperature duhiagheating
season is 8%&. The heat pump would use both off-peak and mdeétricity. Advise the householder as to
which option he would choose assuming a discouet & 10%. The following data will be required your
analysis:-

calorific value of oil 40MJ per litre

cost of oil 20p per litre (assumed constant)
mean cost of electricity  4.32p per kWhr (assunmtstant)
life of oil boiler 10 years

life of heat pump 10 years

[ questions similar to this have been set on two casions - see also below- the question is alsowsmilar to the
practical relating to the UEA heat pump - in fact he COP data is identical]
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7. Explain the principles of a heat pump, and brieilscuss the advantages and disadvantages offteeedt forms
of heat pump.

As an energy consultant, you are asked to advibeuseholder on the choice of a new heating urit.
replacement oil boiler would cost £750 and delitveo-thirds of the energy contained in the oil asfukheat.
The alternative is an electrically driven air-wateeat pump which would cost £1500 and for which the
manufacturer guarantees the following performance:-

Mean external temperaturiC) 0 5 10 15
Coefficient of Performance 2.39 2.75 3.11 3.47

The heating requirement for the house is 72 GJapeum, while the mean external temperature duttieg
heating season is 8.50C. The heat pump would etbedff-peak and peak electricity. Advise the hehader as
to which option he should choose assuming a didcaia of 10%. The following data will required your

analysis
calorific value of oil 43.2 MJ per litre
cost of oil 20p per litre (assumed constant)
mean cost of electricity 4.5p per kWhr (assumed constant)
life of oil boiler 10 years
life of heat pump 10 years
8. Summarise the energy conservation measunich may be employed in the home.

A large detached house uses gas for hot watergspeating, and cooking. At present the gas bdies an
efficiency of 75%. Two energy conservation meas@are to be installed:-

a) a condensing gas boiler with an efficiency d¥®0
b) draft exclusion which will reduce the heat loste by 50 WC-1.

Data from the house without the conservation messare summarised in Table 3. Estimate:-
a) Which of the two conservation measures saves\tgt energy?,

b) If the total capital outlay for both scheme£1200 how long will it be before this is repaidasing a
discount rate of 5%

Table 3.
External Temperatur®C) Mean Consumption (kW)
-1.0 7.40
2.0 6.20
4.5 5.20
10.0 3.00
12.0 2.20
16.0 1.08
18.0 0.92
20.0 1.04
22.0 0.96
Incidental gains 1500 W
Mean cooking requirement 250 W
Price of gas £4.40 per GJ
Degree - Days 2000
SOLUTION

First plot consumption vs temperature data
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0 ! ! ! I !
-5 0 5 10 15 20 25

Mean External Temperature (oC)

cooking

Graph is in two parts, the heating dependanioseevhich has a slope of 400 °®~1 and a horizontal section

representing the steady hot water and cooking reougints (i.e. 1000 W).  Also since boiler effiag is 75%, net
heat loss rate = 300 Y@-1.

Since cooking requirement is 250 W, 750 W isluse hot water which at an efficiency of 75% giaeset hot water
requirement of 750 * 0.75 = 562.5 W.

Current consumption for hot water and cookin@50(+ 750) * 365 * 86400 31.536 GJ

Balance Temperature - from graph = 15 oC, aeeltemperature rise = 1500 / 300 = 50C

so thermostat setting is 200C.

Degree day data is based on a balance tempeddtlise50C, so corrected degree days is:-
2000 - (15.5-@%* 365 =1817.5
annual consumption = (400 * 1817.5 86400 + 31.536 = 94.349 GJ
heat Ioss| rate seconds in| day
Installing a condensing boiler will reduce hot watecooking consumption to:-
(562.5/0.9 + 250 ) * 365 *86408 27.594 GJ

and total consumption to
(300/0.9 * 1817.5 )*86400 + 2945 = 79.938GJ

i.e. a saving of 94.349 - .938 = 144GJ

If draft exlusion reduces heat loss rate by 50 Waien free temperature rise will be
1500/ 250 = 6 degrees, and new balance temperat® - 6 = 140C.

New corrected degree days = 2000 - (15.5- 4386 = 1452.5
So reduced energy consumption arising sole fraaft éxclusion =
250/0.75 *1452.5* 86400 + 31.536 = 73.368 GJ
and savingis 94.349 - 73.368 = 20.981 GJ
i.e. installation of draft exclusion is more effetive  saving 20.981 GJ (cf 14.411 GJ).

If both strategies are adopted, new consumptien is
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10.

11.

250/0.9 *1452.5 * 86400 + 27.594 = 62.454 GJ
or a saving off 94.349 - 62.454 = 31.895GJ
NOTE: savings are not cumulative
Annual savingis 31.895 *4.4 = £140.34

Thus cumulative discount ratio must equal 12080.34 = 8.551 before payback occurs.

years cumulative discount
11 8.307
12 8.864

From discount tables, pay back is between 11 @ngkars and by linear interpolation is

11+ (8.551.387 )/ (8.864 - 8.307) =11.44 years

45 Minute descriptive questions from earlier years

Explain how a heat pump works. Discussateantages and disadvantages of the differentdi/peat pump. Why

are heat pumps not more popular in the residemigaket in the UK?

Write a book review of "Fuel's ParadiseEd15) by Peter Chapman.

Describe how the overall utility of a fuel mag improved by the use of combined heat and powaesy
lllustrate your answer with an example and expll@practical constraints that have limited itdl@viapplication.

Outline a design for a 'low energy' house. Eixpthe technological options available and jusyifyir choice of
design.

Give examples of two buildings having markediffedent ‘thermal inertias'. How is their energynsumption,
suitability for their designed function, and contfaffected by the dynamic characteristics resulfirmgn this
thermal inertia? How can these dynamic charatiesibe assessed and included as an integral parbwilding
design?

Consider why major advances in energy consenvaiie so difficult to achieve in western indudised nations.

How does the source temperature of a heat puoniing on a vapour compression cycle affect its @ow
consumption and coefficient of performance? Expthe merits of different types of heat pump irlatain for
home heating and the possible future directionhéat pump development.

Outline the principles used by Chapman andshbisool' in energy analysis.
Describe the way in which the gross energy requérg of a particular material is established fromento fully
refined product at the point of use.

If you were given a budget of £500 million otke next five years to spend on energy conservatieasures in
the UK, how would you allocate it? Justify yousarer.

Outline a reasoned strategy for energy suppitife UK over the next 50 years. In your ansveetcare to
examine transitional periods and the relationskepveen energy supply and mobility, personal congiom@and
industry.

Describe how electrical components may be udsestudy the dynamic heating characteristics ofudding.

Describe the advantages and any limitations ofethetrical model(s) you propose. Suggest how yoodel(s)
may be improved.
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12.

lllustrate your answer graphically by sketching thoiler output and the internal temperature cuwhen the
heating is switched off once a day between 23000&0@ for the following two cases:-

(a) steady external temperature
(b) sinusoidally varying external temperature véttaximum at 1500 hours.

(You may select any realistic intérawad external temperatures for your sketches)

Debate the reasons for and against using ‘eraglysis' as opposed to ‘economic assessmentvéduating
energy production schemes.

45 minute Numeric Questions

The average daily temperature distribution in Jualysouth-west United States is given in Table 1.hduse
having a space heating/cooling demand of 5800AL is cooled by a refrigerative type of air coiutier which
rejects heat to the atmosphere &€ Above ambient. To maintain a mean internal teatpe of 250, the
evaporator must be kept at®C7 Two fans, one external, one internal each amirsy 0.3kW run whenever the
air-conditional is operating.

Estimate the size of conditioner required (by #piry input electrical power) if 331/3% over cajigcis
provided to cope with dynamic effects. The dewperates at 30% of the Carnot efficiency.

Estimate also the electrical energy consumed2ifh hour period. Quote your answer in kilowatt tsour

Tal
Time Mean External
TemperaturéC
0300 - 0700 25
0700 - 1100 29
1100 - 1500 36
1500 - 1900 40
1900 - 2300 36
2300 - 0300 29

An electricity generating power station opermtit 60% of Carnot efficiency has maximum and minimcycle
temperatures of 59C and 27C. The station is modified so that 50% of the stém diverted through a pass-out
valve before the final turbine stage at 427 If this steam is used to serve a district mgaicheme with an
effective thermal efficiency of 80% what will beetloverall primary energy conversion efficiency?wHioes this
compare with that of the unmodified power station?

A detached house in East Anglia is 10m x 7m x 6gh ias 36m2 of single-glazed windows (average dlilesof
windows = 5.0 Wn-°C™). The 'U'-values of the floor, roof, and wall@ dr.0 Wm?°C*, 0.5 WmZ°C™, and 1.0
Wm? °C'. Heating is provided by a fossil-fuel fired beileln Autumn 1978, double glazing was installed
throughout the house (average 'U-value of douldeegl windows = 2.5 WrA°C™). From 1st January 1979 -
31st March 1979, a total of 91.0 GJ of energy wesed as opposed to 87.6 GJ in the correspondingdpier
1978.

If the neutral (balance) temperature (£8)% ventilation rates, and boiler efficiency remaonstant, estimate the
total saving in energy arising from these cons@wmaneasures over a ten year period.

A tracer gas is released into a building of volu#®® m3 in which all doors and windows are closékhe
concentration C of the tracer gas decreases threegfilation such that at any time t, it is given-b

C = Qe-)(t/V
where G is the initial concentration (at t=0)
Vo is the volume of the room
X is the quantity of air leaving the room intuime.
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The results are shown in Table 2. Estimate thect@inge rate. After measures to reduce draughés,
experiment is repeated (Table 3). Estimate thei@msaving in energy is there are 2400 degree-tayyear.

Table 2 Table 3
Tracer Gas Time (mins) Tracer Gas Time (mins)
Concentration (ppm) Concentration (ppm)
80.00 10 60.00 15
57.32 20 41.24 30
41.07 30 28.34 45

this question we have not covered this year.

5. A second storey room in a three storey buildingr{2010m x 4m high) has two external walls, 75% bifch are
glazed. The mean activity of the occupants is €&l kr-1 m-2, and the mean resistance of clothsn@.75 clo.
The relative humidity is maintained at 50%, and #lirevelocity is less than 0.1 m s-1. Show thatdterage
mean radiant temperature is given by

i - @i - 60)

whereBi and 6o are the internal and external temperatures réspBc The overall resistance of the windows
and walls are 0.18 m°C W™ and 0.48 rh °C W™ respectively. The internal surface resistanceilshioe taken as
0.12 nf °C W™

The heating system for the room is designed twigeoan internal air temperature of°€2 Show that when the
external air temperature is at its mean seasoriaéwaf 10C, approximately 9% of people will be dissatisfied
with the thermal environment. Estimate the pemagatof people who will be dissatisfied when theemdl
temperature is °€.

[this question was set in 1980 and it is not normal policy at the present time to expect a derivation like this]

6. A mid-storey room (10m x 10m x 3m high) in a muitorey office block has two opposite external wallich
are fully glazed. The internal temperature i§Q@hile the mean external temperature during thetewiquarter
is 6°C. The mean radiant temperature at all pointhéroom may be taken as beingd@0 Double glazing is
installed to reduce conductive and ventilation ésss

Estimate the percentage saving in energy if thermal temperature is reduced to provide identibarmal
comfort conditions, and the ventilation rate isueeld from 1.5 air-changes per hour to 1.0 air-charnger hour.
The mean radiant temperature at all points in thoenr may now be taken as being approximatéy ielow the
room air-temperature.

(The mean clo-value of the occupants is 1.25 hait activity level is 50 kcal m-2 hr-1. The meakvalues of
single-glazed and double-glazed windows are 5.0 ¥#@tand 2.5 Wnt-°C* respectively. It may be assumed
that the relative humidity is kept constant at 5@ that free convection conditions exist).

7. A detached house 7.5m x 7.5m x 6m high is consttiof 220mm thick brick walls having 15mm of lighieight
plaster on the internal surfaces. 20% of the anah is glazed. The 'U'-values of the windowxrfland roof are
5.0 Wm?°C? 0.6 Wm?°C*?, and 0.5 Wnf-°C?, respectively. Estimate the saving in energyaerum if a 3
mm polystyrene layer is bonded to the internalastgfof each external wall. Climate records indidhat there
are 4000 degree-days per year. If there are ¢hainges per hour, estimate the saving as a pegeeatadhe total
energy consumption before the polystyrene waslatthc

8. A summary of the energy requirements for a houstngaan internal temperature of Dare shown in Table 4.
What is the heat loss rate (per degree Celsiughtohouse? Comment on the relationship betweem mweekly
external temperature and the mean energy consumptio

Double glazing is fitted to 20m2 of window areatfie house and this reduces the heat loss thrdwegivindows
by 2.5 Wm?°C™. If the incidental heat gains remain the samémese the new balance (neutral) temperature.
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Hence, or otherwise, estimate the energy requinefoe the double-glazed house when the extermapézature

is 5°C.
Table 4
Mean Weekly External Mean Energy Consumption
Temperature®C) (kW)
2 7.75
6 5.75
9 4.25
13 2.25
17 1.00
19 1.05
21 0.95
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Actual Paper as set in 1998
SECTION A (25%)
1. Critically review the procedures usediétermining the Standard Assessment Procedure)(BAting

under the current Building Regulations.

2. How does a heat pump work? Using gtas) discuss the advantages and disadvantagles difterent
types of heat pump.

3. Effective energy management requireséicording and analysis of data. Discuss whiethtae most
important parameters to record, and how you wanklyse the data obtained. You should illustyate answer with
typical graphs.

SECTION B(25%)

4, What is meant by the term "Degree Dagstl how is it used to assess annual consumptienesgy?
What corrections are needed to values from startdaids before the data can be applied to a spéwifise?.
[20%]

A householder replaces his windows (total areen2pwith double glazing, replaces the existing éxoflr'5%
efficiency) with a condensing boiler (90% efficign¢ and fits a boiler energy management systenchvtiie
manufacturer claims will save around 10% in energly.  The original and new U-values of the windaves5.3 W if
°c' and 2.8 W M°C! respectively. Energy consumption data takdarbeand after installation are indicated in
Table 1. If the thermostat setting remains unged and the incidental gains amount to 1500 Wicaly examine the
claim of the manufacturer. It may be assumeti¢hoking in the house is done using electricity

Table 1:
Before conservation After conservation
measures measures
External temperature Consumption (kW) Consumption (kW)
(°C)
-2 7.800 4.833
2 6.200 3.833
6 4.600 2.833
10 3.000 1.833
14 1.400 0.833
18 1.000 0.833
22 1.000 0.833
[80%)]
Solution

First plot up original data. Plot is in two parta,temperature dependant part, and a temperaigepéndent part.
The intersection is at 6 and this is the balance or neutral temperatufae gradient of the temperature dependant part
is 400 WC?, and since the boiler efficiency is 75%, theetheat loss rate is 300°@%"., Since the incidental gains are
1500, the thermostat temperature must be:

15 + 150800 = 20°C
Installation of double glazing reduces heat loss by 20 x (5.3 -2.8) =50%™". i.e.to 250 WC*
So the new balance temperature will be 20 - 158D/ = 14°C.
The temperature independent part represents thardkfar hot water, and allowing for boiler effioy this is
1000 x 0.75 = 750 W, so after installation ofoadensing boiler, the equivalent will be 7509 6.833 W. This

will represent the new consumption at all tempers about the revised balance temperature, amndstmdeed seen to
be the case, so in this region, the boiler enarggager appear to have no effect at all.
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Similarly the gross heat loss rate will be 2509 0= 277.77 WC*

Since the relationship is linear we need only defame point to highlight the new consumption cun&electing
0°C as an example, the predicted consumption aftiebld glazing and condensing boiler will be

0.833 + (14 - -2) *277/1000 = 5.278 kW

Similar values can be determined, but this is mmessary as the diagram can be plotted directlyown dotted on
graph. Actual values appear top be lower thamithiemperature dependant part, so boiler enayyager does seem to
be having an effect.

We note that at -2C, the new consumption is 4.833 kW - excludingtthewater requirement gives 4.000 kW.
Similarly the predicted consumption at this tempeameawithout the BEM and excluding the hot water is
5.278 - 0.833 = 4.444 kW.

The reduction from 4.444 to 4.000 represents a fé@¥action substantiating the claim, but this ityoralid if hot
water is excluded - which is realistic since thevBanly effects space heating, but the actual cleduld be misleading.

Temp before |predicted after| predicted after |predicted with actual new
(kW) no BEM BEM only BEM consumption
(kW) heating (KW) (kW)
(kW)
-2 7800 5278 4444 4000 4833
2 6200 4167 3333 3000 3833
6 4600 3056 2222 2000 2833
10 3000 1944 1111 1000 1833
14 1400 833 833
18 1000 833 833
22 1000 833 833
8000 o ‘ ‘
o = =&= = Original Consumption
7000 B *
b e Jl predicted consumption without
6000 N boiler energy manager H
. ] AN — &— Consumption after conservation
S 5000 H
= N "o
£ 4000 XN = " | |
Q L I
£ N >
2 *’ > Original balance
g 3000 B * | Temperatwe=150 [
2000 ~ . \"‘ /
~n
1000 = wfi—-t-—-f:ﬁ
0 . . ; ;

-5 0 5 10 15 20 25

External Temperature (deg C)

5. Describe ways in which the ventilatiae in a building may be determined. Why arantilagion rates
not included in the current Building Regulationgeyhough this is one of the most dominant asp#dieat loss from a
building?

A room in a single storey building is 3m x 3m iampand 2.4m high. It has one external wall witirggle glazed
window 1.8m2 in area. On a day when the exteeraperature is 00C, the building is heated unifdigma 200C. In an
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experiment the determine the intrinsic structurahtilation rate, the gaps at the edges of the evirsdand doors were
sealed and supplementary heating of 998 W was isdpia the room. After two hours the room tempamstabilised at
25°C. Estimate the intrinsic ventilation rate in efitanges per hour if the specific heat of air 8613 n*°C-1. U-value

data are given in Table 2.

U-Values (W m2 oc-1
External Walls 1.0 Floor 1.0
Internal Walls 2.5 Window 5.0
Roof 0.2
SOLUTION

Continuity equation:-
supplementary heat - heat losses to outside Hd&sts across internal walls = ventilation losses

The solution is best in tabular form

Area () U-value (W m2 Oc-1y [Temperature |heat lost (W)
difference

internal heat transferq - 21.6 25 5 270
3walls 3x2.4m
external wall transfer 5.4 1.0 25 135
window transfer 1.8 5.0 25 225
roof transfer 9.0 0.2 25 45
floor transfer 9.0 1.0 25 225
Total conductive lossgs 900

So ventilation losses = 998 - 900 = 98 W
but volume of roomis 3 x 3 x 2.4 = (21.6 cum)d a@mperature difference = 250C

so ventilation loss = 21.6 x 25 x 1306 /3600 cka =98
I

seconds in an hour

so number of air changes per hour = 0.500

SECTION C (50%)

6. Critically review the changes that have taken placthe Energy Supply Industries in the last 15rgea
Include in your answer a discussion of the changash have, or will, take place in the Domestic t8ecTo what extent
have these helped or hindered energy conservation?

7. Discuss the advantages and problems from usingobeah Heat and Power. (CHP) to save energy. Your
answer review all the issues, but concentrate pifynan technical issues such as intermediate t#kend condensing
(ITOC) turbines, combinations of CHP with combirmatle gas turbines (CCGT), and heat energy supply.

Co-generation in the UK has increase four-fold@@MW since 1990, and is likely to double agairtiy ned of
2000 (OFFER, 1997). Why has there been this sudderease in capacity despite several UK EnergyeRap
recommending such action in the previous two dexade

8. Describe ways in which the dynamic thernaf@rmance of a building may be assessed cleadigating any
limitations of the methods described.

Waveney Terrace has a heat loss rate of 48&k¥dnd a thermal capacity of 4 &J%.  The heating is timed to go

off at midnight and on again at 6 am. Estimagetime at which the internal temperature reacheshrmostat level on a
cloudy day, and also the saving in energy achidyetime switching. The following data are reletzan
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Internal thermostat setting 2goc Number of students | 700
External temperature 00C body heat 80W per student
Rating of heat supply 1500 kW incidental gains M K

[numeric part 70%)]
Solution

The total heat lost from building immediately afterating is turned off at midnight

= heat lost rate x temperature déffexe = 45000 x (20 - 0) = 900 kwW
Choosing a time interval of 1 hour = 3600 secorttiss means that the total heat lost from buildmgn hour is

900 x 3600 28GJ

Similarly, heat gained from body heat and incidégains = ((700 x 80) + 44000) * 3600 = 0.36 GJ
So net loss in first hour is 3.24 - 0.26 = 2.88 GJ.
Since the thermal capacity of the building is 4@&ils will mean a fall in temperature of 0.72 oGpthe hour.
i.e. the temperature at the start of the secondiso0 - 0.72 = 19.28.

The best way to solve the problem is using a tabEshown.

Successive hours proceed in exactly the same wi@yusim when heating comes on at rate of 2000lad/,in this
hour the net gain/loss will be the loss as caledlatbove + the heat input of 2000 x 3600 = 7.2 @ihg a net gain of
4.95 GJ. This time of course the temperaturkssi a rise.

Successive hours follow same procedure until threpeged temperature rises abovéQ@O0 this occurs between 9
am and 10 am.

It remains to estimate the proportion of an houl(28 - 19.66) / 1.09 3Dhrs =19 minutes
actual rise comied rise
So building will be up to temperature at 09:19

time Internal Temp | heat inpt heat los heat gainddet gain/loss Temp change
kw GJ GJ GJ e
0000 20.00 0 3.24 0.36 -2.88 -0.72
0100 19.28 0 3.12 0.36 -2.76 -0.69
0200 18.59 0 3.01 0.36 -2.65 -0.66
0300 17.93 0 2.90 0.36 -2.54 -0.64
0400 17.29 0 2.80 0.36 -2.44 -0.61
0500 16.68 0 2.70 0.36 -2.34 -0.59
0600 16.09 2000 2.61 0.36 4.95 1.24
0700 17.33 2000 2.81 0.36 4.75 1.19
0800 18.52 2000 3.00 0.36 4.56 1.14
0900 19.66 2000 3.19 0.36 4.37 1.09
0100 20.00 800 3.24 0.36 2.88 0.72

Using a time interval of 2 hours gives the samealté® nearest minute), as does a time interva@@®minutes.
The total energy consumed in warm up period = .3000 *3600/1000000 = 22.536 GJ
Energy which would have been consumed over saniedpeithout time switching =

=9.31 x 800 *3600/1000000 =26.813 GJ

S0 saving is4.277 GJ or 15.9%

[Maximum mark to be gained using 2 hour interval 63/70 as it is often too coarse, but willatwe less time,
and so students may opt for this.

Comments on time interval selected should be ginetescriptive part.
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